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ABSTRACT

The SCALE (Standardized Computer Analyses for Licensing Evaluation) computer software system
developed at Oak Ridge National Laboratory is widely used and accepted around the world for many
radiation transport applications. TRITON (Transport Rigor Implemented with Time-dependent Operation
for Neutronic depletion) is a control module developed within the framework of SCALE that enables 2-D
and 3-D depletion calculations to be performed by coordinating iterative calls between cross-section
processing codes, a neutron transport solver, and the ORIGEN (Qak Ridge Isotope GENeration) point-
depletion code. TRITON has the capability to utilize KENO-V.a or KENO-VI 3-D Monte Carlo codes,
or the NEWT (New ESC-Based Weighting Transport) 2-D discrete ordinates transport code for the
neutron transport solution. This primer focuses on use of the NEWT transport solver with
SCALE/TRITON to generate cross sections for light water reactor nodal simulators.

In TRITON, NEWT is used to calculate weighted burnup-dependent cross sections that are employed to
update ORIGEN libraries and to provide localized fluxes used for multiple depletion regions. TRITON
uses a two-pass cross-section update approach to perform fuel-assembly burnup and branch calculations
and generates a database of cross sections and other burnup-dependent physics data that can be used for
full-core analysis. To date, cross-section data generated with TRITON/NEWT have been used in a wide
variety of applications, including generation of cross sections for core calculations with PARCS (Purdue
Advanced Reactor Core Simulator) for NRC analyses, for NESTLE (Nodal Eigenvalue, Steady-State,
Transient, Le Core Evaluator) for in-house methods development research, for Bold Venture for High
Flux Isotope Reactor (HFIR) low-enriched uranium conversion studies, and for Attila for Advanced Test
Reactor core calculations.

The primer is based on SCALE 6.1, which includes the Graphically Enhanced Editing Wizard (GeeWiz)
Windows user interface. Each example in this primer uses GeeWiz to provide the framework for
preparing input data and viewing output results. Beginning with a Quickstart section, the primer gives an
overview of the basic requirements for SCALE/TRITON input and allows the user to quickly run a
simple pin cell simulation with SCALE/TRITON. The sections that follow the Quickstart include a list of
basic objectives at the beginning that identifies the goal of the section and the individual
SCALE/TRITON features that are covered in detail in the sample problems in that section. Upon
completion of the primer, a new user should be comfortable using GeeWiz to set up 2-D lattice physics
problems in SCALE/TRITON.

The primer provides a starting point for the reactor engineer who uses SCALE/TRITON for lattice physics.
Complete descriptions are provided in the SCALE/TRITON manual. Although the primer is self-contained,
it is intended as a companion volume to the SCALE/TRITON documentation—the SCALE manual is
provided on the SCALE installation DVD.  The primer provides specific examples of using
SCALE/TRITON for lattice physics analyses; the SCALE/TRITON manual provides detailed information on
the use of SCALE/TRITON and all its modules. The primer also contains an appendix with sample input
files.
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FOREWORD

The purpose of this document is to provide novice and advanced SCALE users with a guide for using the
SCALE graphic user interface GeeWiz to develop lattice physics models for SCALE/TRITON-NEWT.
Although the document pertains only to SCALE/TRITON-NEWT, much of the information presented
herein can be used for SCALE/TRITON-KENO model development. The document is not meant to
replace the SCALE user manuals, but rather to provide detailed instructions and examples for application
of the information in those manuals to generate lattice physics models.

Novice users will find the step-by-step instructions helpful in getting started using SCALE. After reading
this guide and completing the practice problems within, novice users should be able to develop detailed
lattice physics models suitable for generating broad-group nodal parameters for reactor core simulators.
Advanced users who are familiar with the SCALE code system but unfamiliar with lattice physics
analysis will find the advanced features and user-guidance sections of this document helpful in generating
lattice physics models.

The user guidance contained in this document provides a minimum set of “best practices” that should be
used for lattice physics model development. There is no guarantee that this set of best practices will be
adequate for all lattice physics problems. The minimum best practices have been developed over time
modeling light water reactors. In addition, features continually evolve and modeling methodologies are
refined, so the best practices are likely to change. The best method for staying up to date on the SCALE
code system is to subscribe to the SCALE email notification list. Subscribers are notified by email of
latest newsletters, releases, updates, and corrections. To subscribe, visit the SCALE website at
http://scale.ornl.gov. Also on the SCALE website, users can download the latest updates and view past
and present SCALE newsletters for relevant information regarding SCALE.
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1. INTRODUCTION

This primer is designed to help you understand and use the SCALE/TRITON control module for steady-
state (T-NEWT) and time-dependent depletion (T-DEPL) lattice physics analyses. TRITON (Transport
Rigor Implemented with Time-dependent Qperation for Neutronic depletion) is a control module that is
part of the SCALE (Standardized Computer Analyses for Licensing Evaluation) code system.' It
assumes that you have a college education in a technical field. There is no assumption of familiarity with
transport codes in general or with SCALE/TRITON in particular. The primer is designed to teach by
example, with each example illustrating a couple of features that might be required to generate an
accurate lattice physics model. The primer is set up so that each example builds on the previous example,
adding new features each step of the way, until a fully detailed lattice model is generated at the end of the
primer.

The primer is based on SCALE 6.1, which includes the SCALE Graphically Enhanced Editing Wizard
(GeeWiz), a Windows program designed to assist reactor engineers in creating and executing SCALE
input files for TRITON. GeeWiz version 6.0.13.04 (January 4, 2010) and TRITON version 6.1 (2011) were
used for all the examples shown in this primer. Each of the examples uses GeeWiz to provide the framework
for data input. Starting with a Quickstart section, the primer gives an overview of the basic requirements for
SCALE/TRITON input and allows you to quickly run a fuel pin cell problem with SCALE/TRITON. This
section is not designed to explain GeeWiz, the input, or the SCALE/TRITON options in detail; rather, it
introduces the GeeWiz user interface and some basic concepts that are further explained in following
sections. Each following section has a list of basic objectives at the beginning that identifies the goal of the
section and the individual SCALE/TRITON features, which are then covered in detail in the example
problems in that section. It is expected that on completion of the primer, you will be comfortable using
GeeWiz to set up lattice physics problems in SCALE/TRITON.

In this document, “lattice physics” means modeling of nuclear reactor fuel lattices to generate data for a
reactor core simulator. The methods that are used to analyze nuclear fuel lattices are accurate, high-order
methods. A nuclear reactor is simply too large to be modeled using these high-fidelity methods—it
would take too much computer time and too much memory to generate a solution on a modern personal
computer. The fastest supercomputers in the world are only now entering the era in which it will be
possible to perform a full-core or near full-core simulation with high-order deterministic methods. Due to
the computational limitations, lattice physics modeling if performed for nuclear reactor analysis.

In lattice physics analysis, an analyst begins with basic nuclear reactor fuel design information. This
includes all necessary dimensions (fuel pin and clad radii, pin and lattice pitch, etc.), material information
(exact isotopic compositions, density), and thermal-hydraulic conditions (temperature, void fraction,
density) of the fuel and moderator/coolant. This information is usually specified in the design
documentation, and as few assumptions as possible should be made in collecting the needed information.
From this design information a user can generate a lattice model. For a large nuclear reactor, there may
be a number of different types of lattices with axial variation. A separate two-dimensional (2-D) lattice
model will be required for each axial level of each lattice. Using these lattice models, the needed data for
a reactor core simulator can be generated.

Reactor core simulators are typically based on “nodal diffusion theory.” Nodal diffusion theory provides
a very fast and reasonably accurate solution, provided that the data produced for the simulation are
accurate and generated from the actual reactor design. Some nodal simulators are PARCS,” NESTLE’
and SIMULATES." Nodal simulators require broad-group cross-section data, scattering matrices, and
assembly discontinuity factors that are generated by lattice physics codes such as SCALE/TRITON.
Using the homogenized lattice physics data, the core simulator models an entire fuel assembly (or a



quarter assembly) as one lump with properties that have been conserved by the lattice physics code.
These nodes are virtually assembled by the nodal simulator to model a full 3-D reactor core. The core
simulator can typically be used to perform reactor operation and safety analyses, including transients
required for licensing.

After completing this primer, users will be able to use SCALE/TRITON in lattice physics calculations and
will be capable of using SCALE/TRITON to generate cross sections for nodal simulators. In addition,
Appendix D presents the basics of using GenPMAXS (Generation of Purdue MAcroscopic XS set) to convert
SCALE/TRITON cross section data to PMAXS (Purdue MAcroscopic XS set) format for using in PARCS
(Purdue Advanced Reactor Core Simulator) core simulator.

Although much of the information needed to perform an analysis is provided in the primer, there is no
substitute for understanding your problem and the theory of neutron interactions. The SCALE/TRITON
code is only capable of analyzing the problem as it is specified; it will not necessarily identify inaccurate
modeling of the geometry, nor will it know when the wrong material has been specified. However, the
2-D color geometry plots and the input file checking functionality of SCALE/TRITON are quite useful
for identifying geometry errors. Remember that a single calculation of k. and associated cross-section
data produced with SCALE/TRITON or any other code is meaningless without an understanding of the
context of the problem, the quality of the solution, and a reasonable idea of what the result should be.

The primer provides a starting point for the reactor engineer using SCALE/TRITON. Complete
descriptions are provided in the SCALE manual'. Although the primer is self-contained, it is intended as a
companion volume to the SCALE manual. (The SCALE manual is provided on the SCALE installation
DVD.) The primer provides specific examples using SCALE/TRITON for lattice physics analyses, while
the documentation provides information on the use of SCALE and all its modules.

To make the primer easy to use, there is a standard set of notations that you need to know. The text of this
primer is set in Times New Roman font. Information that you type into an input file (or provide to GeeWiz)
issetin Courier font. Characters in the Courier font represent commands, keywords, or data
that would be used as computer input. References to items displayed on the screen by GeeWiz are
highlighted in bold font. The primer often references the SCALE manual; these references are set in square
brackets; e.g., [SCALE manual, Section x].

It is hoped that you find the primer useful and easy to read. You will get the most benefit from this tutorial if
you start with Section 2: SCALE/TRITON Quickstart and proceed through the rest of the sections in order.
Each section assumes that you know and are comfortable with the concepts discussed in the previous
sections. Although it may be tempting to pick up the primer and immediately go to a sample problem that is
similar to your analysis requirement, this approach will not provide you with the background or confidence in
your analysis that is necessary for accurate and effective implementation of procedures and limits. There is
no substitute for a thorough understanding of the techniques used in a SCALE/TRITON analysis. A little
extra time spent going through the primer and working through the examples will save many hours of
possible confusion and frustration later.

1.1 OVERVIEW OF SCALE

The SCALE code system dates back to 1969, when the current Reactor and Nuclear Systems Division at
Oak Ridge National Laboratory (ORNL) began providing computational support in the use of the new
KENO code to the U.S. Atomic Energy Commission (AEC) staff. From 1969 to 1976 the AEC
certification staff relied on the ORNL staff to assist them in the correct use of codes and data for
criticality, shielding, and heat transfer analyses of transportation packages. Shortly after creation of the
U.S. Nuclear Regulatory Commission (NRC) from the AEC, the NRC staff proposed the development of



an easy-to-use analysis system that would provide the technical capabilities of the individual modules
with which they were familiar. With this proposal, the concept of the SCALE code system was born.

The NRC staff provided ORNL with some general development criteria for SCALE: (1) focus on
applications related to nuclear fuel facilities and package designs, (2) use well-established 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 and public availability.
The initial version of SCALE was released by the Radiation Safety Information Computational Center
(RSICC) at ORNL in 1980. Since that time, the system has been considerably enhanced, and the release
used in this primer is Version 6.1. SCALE runs on Unix, Windows, Linux, and Intel Mac computer
platforms.

The concept of SCALE was to provide “standardized” sequences. Input for the control modules has been
designed to be free-form with extensive use of keywords and engineering-type input requirements. The
most important feature of the SCALE system is the capability to simplify the user knowledge and effort
required to prepare material mixtures and to perform adequate problem-dependent cross-section
processing.

At the center of SCALE/TRITON is the library of subroutines referred to as the Material Information
Processor Library or MIPLIB. The purpose of MIPLIB 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. MIPLIB also uses other keywords and
simple geometry input specifications to prepare input for the modules that perform the problem-
dependent multigroup cross-section processing: BONAMI, NITAWL, CENTRM, PMC, and
XSDRNPM. A keyword supplied by the user selects the cross-section library from a standard set
provided in SCALE or designates the reference to a user-supplied library.

The modular structure of SCALE allows back-to-back execution of the functional modules to perform a
system analysis. However, a variety of control modules such as TRITON have been developed that
automate and standardize various analytic sequences. The input format of the control module has been
designed to help minimize input errors. Upon processing the user-specified input, the SCALE system
control modules immediately print an input checklist in which the user (or reviewer) can easily establish
that the input describes the system to be analyzed.

The T-NEWT control module performs problem-dependent cross-section processing and 2-D discrete
ordinates transport using NEWT. T-DEPL is the 2-D multi-material depletion sequence using burnup-
dependent cross-section preparation, 2-D discrete ordinates transport solution by NEWT, and depletion of
user-specified materials by ORIGEN.

BONAMI performs resonance shielding through the application of the Bondarenko shielding factor
method. BONAMI is typically used to process data in the unresolved resonance energy range. As input,
BONAMI requires the presence of shielding factor data on the AMPX master library interface. As
output, BONAMI produces a problem-dependent master library.

NITAWL uses the Nordheim Integral Treatment to perform neutron cross-section processing in the
resolved resonance energy range. This involves a fine-energy-group calculation of the slowing-down flux
across each resonance, with subsequent flux weighting of the resonance cross sections. NITAWL also
assembles group-to-group transfer arrays from the elastic and inelastic scattering components and
performs other tasks in producing the problem-dependent working library. NITAWL is compatible only
with ENDF/B-V cross-section libraries in SCALE.



CENTRM computes continuous-energy neutron spectra using one-dimensional (1-D) discrete ordinates or
infinite media geometry. CENTRM determines the problem-specific fluxes for processing resonance-
shielded multigroup data using a 1-D unit cell. PMC reads the CENTRM continuous-energy flux spectra
and cross-section data; calculates problem-dependent, group-averaged cross sections over some specified
energy range; and then replaces the corresponding data in a problem-dependent AMPX master library for
use by NEWT (or another transport solver).

NEWT is a 2-D discrete-ordinates transport code developed based on the Extended Step Characteristic
(ESC) approach for spatial discretization on an arbitrary mesh structure. This discretization scheme makes
NEWT an extremely powerful and versatile tool for deterministic calculations in real-world non-
orthogonal problem domains. NEWT uses AMPX-formatted cross sections processed by the SCALE
functional modules described above. If cross sections are properly prepared, NEWT can be run in
standalone mode. However, the T-NEWT sequence within the TRITON control module of SCALE can
also be used to automatically prepare cross sections and then execute NEWT for a transport solution.

NEWT uses the same nomenclature as the SCALE Generalized Geometry Package (SGGP) but has a
subset of body shapes available for users corresponding to 2-D shapes. The available body shapes are

e cuboid,

e cylinder,

e  hexprism,

e rhexprism (rotated hexprism),

e wedge.

The names of these shapes are generally associated with 3-D bodies but are used in NEWT to be
consistent with KENO-VI nomenclature. This consistent naming convention enables easy conversion
between NEWT and KENO-VI geometry input files. In NEWT, a cuboid is equivalent to a rectangle, a
cylinder is equivalent to a circle, a hexprism is equivalent to a hexagon, and a wedge is equivalent to a
triangle.

As this primer is primarily concerned with light water reactor (LWR) lattice physics analysis, it will focus
on cylinders and cuboids to model LWR fuel lattices. Of particular interest in lattice physics analysis is
the ability to define an array of fuel pins. This primer focuses on rectangular arrays, but in addition to
rectangular arrays, NEWT provides three hexagonal array types. Users wishing to construct hexagonal-
based geometries should refer to the SCALE users manual for further guidance.

The SCALE code system includes several problem-independent multigroup cross-section libraries for
lattice physics analyses. The most up-to-date library is the 238-group ENDF/B-VII neutron library,
which is recommended for lattice physics calculations. The 238-group ENDF/B-VI and ENDF/B-V
libraries are also available in SCALE 6.1. The 44-group ENDF/B-V library was generated by collapsing
the 238-group ENDF/B-V library with a typical LWR neutron spectrum. Using the 44-group ENDF/B-V
library is a factor of approximately 5 times faster than the 238-group libraries, but it is only recommended
for scoping calculations or test cases. Production runs should use the 238-group ENDF/B-VII library
with the parm=weight option enabled (to be discussed later).



1.2 LATTICE PHYSICS MODEL DEVELOPMENT STRATEGY

When developing lattice physics models using SCALE/TRITON, there is a certain recommended strategy
that can be used. This strategy is a general guideline that new users can follow during the development of
lattice physics models. The model development strategy presented herein is not meant to be a rigid
structure, rather it is a framework that you can use if you are unsure on how to begin model development
or proceed from a certain step in the process. You might find a process other than the one presented here
that is more effective for your application.

The recommended strategy begins with gathering the required information. The lattice design
information is normally contained in one or more documents. You will need to work through the
documentation and highlight certain items that will be needed for model development. After you have
gathered all the relevant information from the documentation, you should find any shortcomings in the
data. If there is a gap in the information, you will need to request that information or make an assumption
about the unavailable information. If you must make assumptions, be sure to justify them. Once you
have gathered all the information needed, you can begin building the SCALE/TRITON model. Building
the SCALE/TRITON model has many steps that will be explained later in further detail. After the models
have been completed, the model developer should have the models reviewed by a technical reviewer. It is
much easier for a technical reviewer to find simple mistakes that the model developer is likely to
overlook. The reviewer and the model developer can then iterate between the development and the
review steps until the models reach a point where both the developer and the reviewer are satisfied. The
developer can then run the models. While running lattice physics models, it is possible to check the data
as it is generated using the £xtfilel6 file that is in the SCALE temporary directory. Users can open and
inspect the #xtfilel6 file and look for eigenvalues and other data. By checking the data as it is generated,
it is possible to spot errors before the entire calculation is complete. Once the models have completed
running, the model developer should check or verify that the data are correct. If required by the project,
the data can then be converted to other formats and tested. This process can be more easily visualized
with the model development flowchart in Fig. 1.1.

The main focus of this primer is to show the user how to build lattice physics models. Each step of the
model development strategy has corresponding sub-steps that must be taken. Because this primer focuses
on the “build the model” portion of the development strategy in Fig. 1.1, the “build the model” step is
expanded into required sub steps in Fig. 1.2. Each step contains a reference to the section number in the
primer where one can find information on the subject matter. Building lattice physics models generally
follows a top-down strategy. While building the models you should use comments often. You can use
these comments to reference the location from which you obtained data so that a technical reviewer will
be able to easily follow your work. You should also state all assumptions in the comments with a short
justification. You should first choose the sequence, cross-section library, and runtime options. You can
then insert all the mixtures that will be needed in your model. You should then add the appropriate cross-
section processing options.  After entering the cross-section processing information, add the
SCALE/NEWT Parameter and Materials blocks. You should then build the fuel pin units, and then build
the array that contains each fuel pin. At this point, you should run the model with Parm=check to plot the
model and check for errors. Closely inspect the plots of the geometry; mistakes can often be easily
identified on the geometry plots. If there are no errors, add more complex geometry features and plot the
geometry again. Once the geometry is complete, add advanced lattice physics options such as depletion,
branches, collapse, homogenize, and assembly discontinuity factors. If you are modeling a BWR lattice,
you will need special Dancoff factors for corner and edge fuel pins. The following sections of the primer
illustrate in detail how to do each of these steps.
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Fig. 1.1. Model development strategy flowchart.
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2. SCALE/TRITON QUICKSTART

2.1 WHAT YOU WILL BE ABLE TO DO
e describe the structure of SCALE/TRITON input files
e use the GeeWiz user interface to create a SCALE/TRITON input file
e setup and run a simple criticality problem using SCALE/TRITON
o find and interpret calculated k. information from SCALE/TRITON output

2.2 SCALE/TRITON INPUT FILE

The SCALE/TRITON input file describes the problem geometry, specifies the materials, and defines the
control parameters for analyzing the problem. The geometry is constructed by defining objects and their
relationship with other objects in a system. Each object can be filled with a material or a void.

A SCALE/TRITON input file consists of some or all of the above data, depending on the type of problem
being analyzed and the amount and type of output desired. The most user-friendly method for entering
the data is to use the GeeWiz user interface.

2.3 SIMPLE SAMPLE PROBLEM - LWR PIN CELL

This section should provide enough information to run a simple sample problem. It is intended that users
immediately gain confidence in using GeeWiz to enter SCALE/TRITON input data so that one can walk
through this sample problem step-by-step, explaining each input step. For the present, it is important to
enter this problem exactly as it is described. As more experience is gained with GeeWiz and
SCALE/TRITON, users may find other ways to set up input files that are more logical to them. For
example, users may find alternate methods for the geometry setup.

2.3.1 Problem Description

This problem is a simple fuel pin cell—it contains only fuel, clad, and a water moderator. Experimental
parameters are as follows:

Table 2.1. Quickstart basic description

Region Radius/Pitch Material Density
Fuel 0.5 3.5% enriched UO, 97% TD
Clad 0.6 Zircaloy-4 6.56

Moderator 1.4 H,O 0.9982




2.3.2 GeeWiz Input — General Information

Now begin entering the sample problem. First start the GeeWiz user interface. The initial screen should
looks like Fig. 2.1.

ez s =]

File View Edit Help Setup Import

Launch HTMIL browser | Num[ 4‘

Fig. 2.1. GeeWiz start screen.

Clicking on the General button on the left-hand-side toolbar will bring up a window as shown in Fig. 2.2.
In this window, enter the Title, the SCALE Application and Sequence, the program to Use for cross-
section processing, and the Cross-section Library. Also included are optional batch arguments—these
options will not used for now.
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- yze specified existing temporary working directorny

u - UNIE carriage return autput Format

A

-% - return optional #SDAM files for platting in J avapeno

7 Help | E OK | | i Clear | EICANCEL\ |

Fig. 2.2. General form.

Enter the Title as follows:

Unit cell 1

Again note that information to be entered into GeeWiz will appear in Courier font. For Application
click on the down arrow and select TRITON. Then for Sequence, select T-NEWT to select a steady-state
transport solution. Click the Parm=Check box to request that TRITON perform an input check only,
i.e., no calculations will be performed. This option is recommended when initially setting up a problem
and should be used for each problem in this primer. Select v5-44 for Cross-section Library to specify
use of the 44-group ENDF/B-V cross-section library. Select CENTRM (SCALE Default) for cross-
section processing. The General screen should look like Fig. 2.3.
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[ -= - retum optional XSORM files for plotting inJ avapeno
? Help | F OK | | i Clear | |E[ CANCEL |

Fig. 2.3. General information for simple sample problem.

Now select OK to save this information in a temporary file. Later, all input information will be saved
under a specific file name.

2.3.3 Materials

The next section of GeeWiz input provides information on the materials in the problem. For the sample
problem, there are three materials in the unit cell description. To enter these, select Compositions from
the menu on the left-hand side of GeeWiz and then click the Create button on toolbar. This button opens
the form for specifying new materials in the model, as shown in Fig. 2.4.
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Fig. 2.4. New composition window.

You will be entering data for UO,, Zircaloy-4, and H,O, all of which are in the Standard Compositions
Library and are Basic Compositions. Selecting the Basic Composition button will bring up the Basic

Standard Composition form shown in Fig. 2.5.

-
Basic Standard Compaosition

hz f!gt | I!slt | f‘tﬂe\f| ngd c:\.-'| nlez\;v él{ | clear cﬁel

Mixture I [ Use Aliases for Mistures
Composzition Mame vl

Denzity Multiplier 1
Temperature (K] ISDD

Drenszity

—

@ Default [g/cc)
" User Supplied [g/cc) (DEM =)
 Mumber Density [atoms/b-cm] [ADEM)

Recaord |1_ of |1_ records

—— 4

Fig. 2.5. Basic Standard Composition window.

13



The entry for the first material, UQO,, should look like Fig. 2.6. The Mixture number should already be
setto 1. Select uo2 as the Composition Name from the list of materials in the library. Set the
Temperature to 300 K. To enter the density given in the sample problem description (97% theoretical
density), you need to specify 0. 97 for the Density Multiplier.

Basic Standard Compasition ﬁ
4 ‘ | 4 | | B= ‘ @ | E &
‘ first preyv cgv nlez;v ok clear | _cancel

help
b ixtuire: 1 [ Use Aliases for Mistures
Cormpogition Mame un? -
Dengity Multipier  |0.97
lzotopic Distribution
Temperature [K] 300
=1~ 32000
92234 0.005407837 Wi
Density 92235 0.7103708 Wik
i 92238 99.28362 Wi
10.96

* Default [g/cc)
" User Supplied [g/cc) (DEN =)
" Mumber Density [atoms/b-cm] [ADEMN)

|Edit Selection

Record |3 of |3 records IJ

Fig. 2.6. Mixture 1 input data (before entry of isotopic distribution).

To enter the fuel enrichment, select Edit Selection under Isotropic Distribution; which will bring up an
Isotropic Distribution window in which the user can input specific isotopics. Click inside the Wgt
Percent box for 92235 (uranium-235) and enter 3. 5 for 3.5 wt% enrichment.

Next, click inside the Wgt. Percent box for 92238 so that the cursor is blinking inside the box, then click
the Fill to 100% button. This action will set the weight percent for U-238 to the fraction needed to obtain
100%. The final isotopic distribution for the UO, can be found in Fig. 2.7. Click OK to return to the
input form for mixture 1.
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Fig. 2.7. Isotopic distribution for mixture 1.

The final Basic Standard Composition form for mixture 1 should look like Fig. 2.8.

-

Basic Standard Composition
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‘Ed.it Selection

Record ’1— of |3— records

Fig. 2.8. Mixture 1 input data for UO, (including isotopic distribution).
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Click the OK button on this form to save the current composition, then click Create on the Standard
Basic Compositions form to open a new form where you can enter input data for Zircaloy-4 in a similar
fashion; use the default SCALE density. The SCALE basic standard composition name is zirc4. The
composition input data should look like Fig. 2.9.

Basic Standard Compaosition @
B & Ed &
hel f!gt | | F‘Cﬂ?\" | | V | nlrzz\;v él{ | clear cﬁel
Mixture 2] ™ Use Aliases for Mistures
Composzition Mame zircd -
Diensity Multiplier 1
TempeEued) ’?ﬂﬂi |zatopic Distribution
[=1- 50000
- B0712 0,91 43637 Wil
Dienzity - B0114 06236536 Wt
- B0T15 0.3454547 Wik
535 - BOT16 1418625 Wiz
- BO117 7563104 Wik
f*
Defauk [g/cz] - BOT18 2405607 Wiz
™ User Supplied [g/cc) [DEN =) - BO0119 2593974 Wik
" Number Density [atoms/b-cm) [ADEMN) - 80120 329172 Witk

- B0T22 4754537 Wi
- B0124 6.042394 Wi

Ed.it Selection

Fiecord |2 of |2 records

% — — 4

Fig. 2.9. Mixture 2 input data for Zircaloy-4.

Click the OK button to save the composition, the click Create on the Standard Basic Compositions form
to open a new form where you can enter input data for H,O in a similar fashion; use the default SCALE
density. Your composition input data should look like Fig. 2.10. Click OK to complete this entry.
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Fig. 2.10. Mixture 3 input data for H,O.

GeeWiz should now display the Standard Basic Compositions summary screen as shown in Fig. 2.11.
On this screen is the information for each of the three materials, including the name, the mixture number,
the density multiplier (VF), and the temperature. Clicking on the + button to the left of uo2 will display
the complete isotopic distribution for UO,. After confirming that the composition summary screen looks
like Fig. 2.11, select Close.

,%_ Standard Basic Compositions EI@
Delete
88 88 88 &8 et @ Delete® | o Ea
Basic Solutions | Compounds] Wit % Mix Create Edit Edit Alias Comp | Copy Mix Close
Name | Mx | ROTH | vF | ADEN| Tempiig | za | Frame
=luo2 1 0497 300 92234 0.005407837
92235 35
92238 96.49459
zircd 2 1 300
hie 3 1 300
4 [Tl | 3

Fig. 2.11. Standard basic compositions summary.
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2.3.4 Cell Data

The next information to be entered is for the unit cell. The unit cell data are used to create the problem-
dependent cross-section data for NEWT. To enter this information, select Cell Data from the toolbar on
the left-hand side of GeeWiz to open the Unit Cell Data screen in Fig. 2.12. Under the Unit Cell Data
window, select the Lattice Cell tab along the top of the window and then select New Cell from the top
toolbar.

r - )
Unit Cell Data = o' - =
Lattice Cell 1 MultiRegion I Irfhommedium 1 Doublehet Cell I
Fidé X ool ] ko) ] ?
editcell | new cell delcell | edit more] delmore editcentrm| del centn help
LATTICECELL DATA
type | imndrl imodm ‘ icladr ‘ icladm | igapr | igapm |fualr ‘ fuelm ‘ gaprl gapm ‘ c\adrl cladm ‘ hpitch | modm | cellmix ‘ more | centm
Definttions
imodr - Inner {annular) moderator radius fuelr - Fuel radius hpitch - centerto-edge spacing
imodm - Inner {annular) moderator mdure fuelm - Fuel mixure modm - moderator mixture
icladr - Inner fannular) clad radius gapr -gap outer radius cellmix - unit cell mixture for XSDRNPM
icladm - Inner {annular) clad mixture gapm - gap modure
igapr - inner (annular) gap radius cladr - clad outer radius “NOTE™
igapm - inner {annular) gap mixdure cladm - clad mixture All dimensions are in cm
- — = = =

Fig. 2.12. Unit cell data screen.

This should open the Lattice Cell Data window (Fig. 2.13). In this sample problem, a square-pitched
lattice is being modeled, so select SquarePitch from the Type of Lattice dropdown. Then specify the
half pitch (P=1.4 cm), in this case 1.4/2 = 0.7 cm. Input 0.7 cm into the Half Pitch (¢cm) box. Now
input the fuel radius (0.5 cm) in the Fuel Radius (cm) box. Select mixture 1 uo2 for the Fuel
Mixture and mixture 3 h2o for the Moderator Mixture. Because this problem does have clad, check
the Clad/Gap Exists box. Selecting the Clad/Gap Exists box displays additional options that will be
used. In this section, specify the Clad Radius (cm) of 0.6 cm and select 2 zirc4 from the Clad
Mixture dropdown. For this sample problem, there is no gap, so leave this section blank. The
CELLMIX option will not be discussed in this primer, so it can also be ignored. The final Lattice Cell
Data window should look like Fig. 2.13.
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Lattice Cell Data [
s

Urit Cell Description

Tupe of Lattice |SqualeF'itch j CELLMIX =

Half Fitch [cm] |D-Ff == CELLMIX value should not be an existing misture number,
Fuel Rradius [em) [0.5

Fuel Misture |1 uod ﬂ
Moderator Mixture |3 ho j
v Clad/Gap Exists
Clad Radius [cm] |0.6 Giap Radius (] |0
Clad Misture |2 zircd| ﬂ Gap Migture |[Select Fimture] j

| Woc | Gowerr

Fig. 2.13. Lattice cell data form.

Once the Lattice Cell Data window is identical to Fig. 2.13, click OK. In the Unit Cell Data summary
window, a summary of the lattice cells that are being used in the problem can be found, as shown in
Fig. 2.14. If your input matches Fig. 2.14, click Close on the Unit Cell Data window.
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("Unit cell Data . A P C

Lattice Cell | MuitiRegion | Infhommedim | Doublehet Col |

P (olo] 26 olo] 26 ?
edit cell | new cell | delcell | edit more| delmore| | editcentrm| del cent help
LATTICECELL DATA

imodr | imodm | icladr | icladm | igapr | igapm | fuelr | fuelm | gapr | gapm | cladr | cladm modm | cellmix | more | centrm

m---------m---m_

r Definttions

imodr - Inner (@nnular}) moderator radius fuelr - Fuel radius hpitch - centerto-edge spacing

imodm - Inner {annular) moderator mixture fuelm - Fuel mixture modm - moderator mixture

icladr - Inner (@nnular) clad radius gapr -gap outer radius cellmix - unit cell mixture for XSODRNPM
icladm - Inner {annular) clad miture gapm - gap midure

igapr  -inner (@nnular) gap radius cladr - clad outer radius TNOTES ———
igapm -inner {annular) gap midure cladm - clad midure ’7 Al dimensions are in cm.

— ee——— — 4

Fig. 2.14. Lattice cell summary screen.

Now that a significant portion of the input for this problem has been completed, it is a good time to save
your work by clicking the Save button. It is recommended that you frequently save your work, especially
if working on a large input file. Because the model is not entirely complete, GeeWiz will warn the user
about the lack of a global unit; continue and select Yes. GeeWiz then asks if you would like to perform a
partial save; again click Yes. Name the file ucel11. inp and set the Save as type to All Files(*.*).

2.3.5 Materials

Before moving to the Geometrys, it is required to specify the Materials that will be used in the geometry.
Although it may seem redundant, the reason for this will become clear when you learn the more advanced

features of TRITON. To do this, click the Materials button along the left vertical toolbar of the GeeWiz
main window.

You should now have another window open called Material Mixtures. Click the Add Mixture button to
open another window called Material Mixture, as seen in Fig. 2.15.
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Material Mixtures =

Material Mixture ==

| Minchury M= |1 - mixture ID

= 1 ~Pn arder for scattering of this mixture
0

—

com= |
(Text identifier label used in output and piots)

Add Mixture Edit Mixture ‘ Delete Mixture |

oK Cancel

Fig. 2.15. Material mixture input form.

There are three input options available: MIX, PN, and COM. MIX is the mixture number that was
specified in the compositions section. The following mixture numbers should be available: 1, 2, and 3.
Remember that mixture 1 was specified as the fuel (UO,), mixture 2 as the clad (Zircaloy-4), and mixture
3 as the moderator (H,O). PN is the Pn order of scattering for this mixture. Generally, Pn=1 is
recommended for fuel and structural materials, and Pn=2 for materials that are highly moderating (water,
graphite, etc.). You can also insert a comment on the mixture with the COM option. This comment will
appear on the geometry plot, so use something descriptive here. For the fuel, select MIX=1 for UO,,
PN=1,and COM= fuel, 3.5% enr UOZ2,as shown in Fig. 2.16. Click OK to close the form.

r .
Material Mixture [

MIX= |1 v| -mixture ID
PN= 1 -Pn order for scattering of this mixture
0

com= | fuel, 3.5%enr u02
(Text identifier label used in output and plots)

Fig. 2.16. Material mixture input for mixture 1.

You will see that the main Material Mixtures window has mixture 1 specified. Follow the same process
for adding the clad and the water to the materials. Click Add Mixture and enter MIX=2, PN=1,
COM=clad, zirc4 to specify the clad; then click OK. Click Add Mixture and input MIX=3,
PN=2, COM=moderator, h2o to specify the moderator; then click OK. The final Material Mixtures
window should look like Fig. 2.17. Click OK to close the window.
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Material Mixtures @

Mixtures

mix=1pn=1com="fuel, 3.5% enr UO2'
mix=2 pn=1 com="clad, zirc¥

mix=3 pn=2 com="mederator, h2o'

Add Mixture Edit Mixture | Delete Mixture |
OK Cancel

Fig. 2.17. Material mixtures summary.

2.3.6 Geometry

In the next section, the Geometry must be specified. The Geometry section assembles the geometry that
NEWT will use to perform the transport calculation. In this section, the geometry shapes and dimensions,
the materials in the shapes, the boundary conditions, and the grid that will be used to solve for neutron
fluxes will be specified. The Geometry section is usually the largest section of TRITON input files, and
you will likely spend most of your time working in this section.

Select the Geometry box on the left vertical toolbar on the GeeWiz main window. This will open the
Geometry Form that will be used to input the geometry specifications, as can be seen in Fig. 2.18.
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Fig. 2.18. NEWT geometry form.

Once you click the Geometry button, you will notice a new option on the left vertical toolbar (Arrays),
and along the right vertical size of the GeeWiz window you will see the five different body shapes that
are available in NEWT (Cuboid, Hex P, R Hex P, Cyl, and Wedge). In the middle of the window you
will see a Comment box, a Select unit box, and a Unit Geometry box.

The basis of the SCALE geometry in NEWT and KENO is the unit. A unit is a geometrical space where
multiple shapes can be defined and filled with materials. The geometry can be built with as many or as
few units as the user desires. Each geometry specification requires at least one unit. Having multiple
units generally simplifies the input file and makes it easier to understand the model. In the actual text-
based SCALE input file, the unit begins with a Unit statement and is terminated with a Boundary
statement, where the user specifies a surface that will act as the outer boundary of that unit. Units can be
used to fill an Array, and units can also be placed wherever needed in the geometry using a Hole
statement (both of these will be discussed later). The important thing to remember is to specify units as
building blocks (e.g., a single unit fuel pin cell) that can be combined to build complex models. Every
model must have a global unit that is filled with its own geometry or other units contained in arrays or
holes.

For this simple problem, three different bodies are required: a fuel cylinder, a clad cylinder, and a cuboid
of water surrounding the fuel pin. It is recommended to specify units from the inside to the outside. The
first surface to specify is the fuel cylinder. To do this, click Cyl in the right toolbar on the Geometry
form. This opens the Cylinder specification form as shown in Fig. 2.19.
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aq | @ o (@D
insert | insert | msert | delete | delete | delete
chord | rotate | trans | chord | motate | trans
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ok | Cancel

Fig. 2.19. Cylinder input form.

There are three basic inputs to the Cylinder window: Label, Radius (R), and Sides. The Label is a user-
defined number that will be used to specify this surface. It is recommended that you specify surface
numbers as multiples of 10 (10, 20, 30, ... etc.). The reason for this is that if you need to add another
surface later, such as a gap between the fuel 10 and the clad 20, you can insert a surface number that is
between the two surrounding surface numbers, 15 for example, without having to modify all the other
surface numbers. Because NEWT cannot solve for fluxes along a curved boundary, NEWT approximates
a circle by an n-sided polygon—the default number of sides is 12. NEWT conserves the total volume of
the cylinder (area of the circle) when constructing the #n-sided polygon. Specify this fuel cylinder with a
Label of 10, Rof 0.5, and Sides of 12 (Fig. 2.20) and click OK.
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Fig. 2

.20. Cylinder input for the fuel.

The main Geometry Form now lists cylinder 10 in the Unit 1 Geometry section as in Fig. 2.21.
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Fig. 2.21

. Unit 1 geometry form (fuel only).
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Click Cyl on the right toolbar again and specify another cylinder with a Label of 20, Rof 0.6 cm, and
Sides of 12 for the clad and click OK. Next, add the cuboid of water that will act as the boundary of the
unit cell. Select Cuboid from the right toolbar and input a Label of 30, +X of 0.7, -X of -0.7, +Y of
0.7, and -Y of -0.7 and click (Fig. 2.22). This specifies a square centered at (0,0) with sides of

1.4 cm.

Note that GeeWiz uses two shortcut keys to reduce the effort for the user.

The “P” key (i.e.,

“P” = “plus/minus”) alternates positive and negative repeating values in consecutive fields, while the “R”
key (i.e., “R” = “repeat”) repeats the value in the current field. For example, you can enter 7.0 for +X and
then press the “P” key three times to fill the —X, +Y, and Y fields for this cuboid.

CUBOID LEL +¢ % +7 & +2 -2

+#

Z

L.

+£

Cuboid [
q|e |@- &
insert | insert | insert | delete | delete | delete
chord | motate | trans chord | rotate | trans

2t

Label |30 07 07

07

o

oK

Cancel

Fig. 2.22. Cuboid input for water.

The Geometry form should now look like Fig. 2.23.
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Fig. 2.23. Unit 1 geometry form (fuel, clad, water).

Now the media that fills each shape must be specified. Select Media from the right toolbar. This action
opens a new window titled Media for Unit 1 as seen in Fig. 2.24. In SCALE, bodies, and the media
contained in those bodies are specified using surface boundaries.
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Undefined

fuelcenter |U |D |D
gox

Fig. 2.24. Media for unit 1 form.

First, you should specify that the fuel mixture (1 uo2) be inside cylinder 10. To do this, select 1 uo2
from the [Select Mixture] dropdown. Click cylinder 10 0.5 in the Select Geometry box so that it
is highlighted blue and then click the Inside button (Fig. 2.25). The Bias ID will be ignored in these
examples as it is a KENO-only input parameter, and it not used in NEWT.
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Fig. 2.25. Media for cylinder 10 in unit 1.

Click OK to close the Media form. Click the Media button again on the right toolbar to specify the
second media statement. Select 2 zirc4 from the [Select Mixture] dropdown and click cylinder 10
0.5 from the Select Geometry box so that it is highlighted blue; click Outside button. Now click
cylinder 20 0.6 so that it is highlighted blue and click Inside button (Fig. 2.26). By doing this,
you have specified that material 2 zirc4 is outside the fuel cylinder 10, but inside the clad

cylinder 20 (i.e., the clad is contained in an annulus around the fuel). Now click OK to close the
form.
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Fig. 2.26. Media for cylinder 20 in unit 1.

The Contents block of the Geometry from should now have two media statements—media 1 and
media 2. To complete the unit cell, specification of a media statement for the moderator that is outside
the clad surface but inside the bounding cuboid is needed. To add this, again select Media from the right
toolbar. Select 3 h2o from the [Select Mixture] dropdown and click cylinder 20 0.6 from the
Select Geometry box so that it is highlighted blue; click Outside. Now click cuboid 30 0.7 -0.7
0.7 -0.7 so that it is highlighted blue and click Inside (Fig. 2.27). Click OK to close the form.
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Fig. 2.27. Media for cuboid 30 in unit 1.

The Geometry Form window should now look like Fig. 2.28. There should be cylinders labeled 10 and
20, and a cuboid labeled 30 in the Unit 1 Geometry box. There should also be three media statements
and a boundary statement in the Contents box. In the text-based input, the media statements follow a set
format: media matID biasID surfaces. Using GeeWiz and trying to understand what appears
inside the Unit Geometry and Contents box is a good way to learn the text-based input as the text that
appears in these boxes is identical to the text-based input format.
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Fig. 2.28. Unit 1 geometry form (with media records).

It is now time to specify the boundary of this unit. On the Geometry Form, click boundary inside the
Contents box so that it is highlighted, and then click Edit. This opens a Media for Unit 1 window.
Click cuboid 30 0.7 =-0.7 0.7 =-0.7 so that it is highlighted, and then click Inside to specify
that the boundary of unit 1 is defined by cuboid 30. You will also need to apply a mesh to the unit cell
using the Grid Input box. The grid determines the number of regions that NEWT will use for the flux
calculation. Theoretically, the more grid cells that are specified, the more accurate the solution will be.
For most cases, grid spacing of 4x4 is adequate for a pin cell. To specify a 4x4 grid, input 4 in the
Grid X box and 4 in the Grid Y box. Your Media for Unit 1 window should look like Fig. 2.29. If so,
click OK.
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Fig. 2.29. Boundary input for unit 1.

Finally, specify the global unit and associated boundary conditions. In the Comment box, type a
descriptive comment about the unit—it will help to keep things organized and understandable when the
geometries get much more complicated. For this problem, enter unit cell 1 in the Comment box.
You should also click the Global Unit checkbox. You will notice a new option appear to the right:
Boundary Conditions, . By specifying that this unit is the global unit, the boundary of this
unit will act as the boundary of the problem geometry. Now click the Boundary Conditions button, and
a new window appears named Bounds Data. For the Bound Body dropdown, select 30 — CUBOID to
specify that the cuboid labeled “30” will act as the problem boundary, and specify ALBEDO boundary
condition as mirror—this represents a reflective boundary condition. The Bounds Data window
should look like Fig. 2.30. Click OK to close the window.
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Fig. 2.30. Bounds data for global unit 1.

2.4 RUNNING SCALE/TRITON

Before running SCALE, click the Parameters box on the left toolbar. This opens the Parameter Data
window with special NEWT control parameters. Check the DRAWIT checkbox so that TRITON will
produce a plot of the geometry. When running the problem, it is helpful to see the calculation progress; to
do this, check the ECHO box under the Parameter Data as well. Every other Parameters option can be
left as the default for now. Click OK.

Parameter Data % y - =]
Key Parameters | Numeric Parameters | Logic Parameters |
DRAWIT =¥ -Create PostSeript geometry/material plots
Quadrature
ECHO = - Echo outer iteration edits to standard emor [V Level Symmetric
EPSEIGEN = 0.0001 - Convergence critsrion for k SN=|6 | - Level symmetric quadrature order
EPSINNER = 0.0001 - Spatial convergenes crterion for inner iters I Product
EPSOUTER = 0.0001 - Spatial convergence criterion for oLter ters =
SOLNTYPE =Jeft ~| -Bgenvalue/B1 critical spectrum./Fored source 0
TIMED =" - Prirt teration timing and cpu usage data
**Warning! Reset Defaults cannot be B
cancelled or undone [ Reset [ [7 Heto | [§ ok | [fj canceL|

Fig. 2.31. Parameter data form.
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To run SCALE/TRITON, click the Run button on the top toolbar. GeeWiz opens a DOS command
prompt window to execute SCALE. Remember that the Parm=Check box was selected on the General
form so TRITON will perform only an input check. Check the message at the end of the output file to see
whether any errors were found. It is a very good idea to navigate to the directory where the input file
resides and see if TRITON created two PostScript files (grid plot and material plot) that should have the
extension “.ps.” One PostScript file should be named ucelll.newtmatl.ps that displays the
materials assigned to each region in NEWT. To view this file, you will need to have a PostScript viewer
on your computer. Note: Adobe Reader cannot view or convert PostScript files, but the full version of
Adobe Acrobat can. If you do not have a PostScript viewer/converter, you may download and install
Ghostscript for free—a tutorial can be found in Appendix B.

If you have Ghostscript or some other PostScript file viewer installed, double click the
ucell.newtmatl.ps file and view a color picture of the geometry as can be seen in Fig. 2.32. Using
the PostScript files is important for verifying the accuracy of your model. It is recommend that you run
TRITON with Parm=check and DRAWIT=yes before running the actual calculation. This practice
minimizes time debugging geometry and other input errors. In addition, the plots can be used in reports
and presentations.

If there are no errors and the geometry plot looks as it should, uncheck the Parm=Check box in the
General form and click OK. You are now ready to run the calculation, so click Run. If the DOS
window is still open from the parm=check run, close it first.

You can observe the progress of the calculation in the command window that appears. When SCALE
starts, it echoes the input and output filenames and directory, the modules that are being executed, and the
eigenvalue for each outer iteration. You can see in Fig. 2.33 that the calculation converges to k.x =
1.34190627.

The screen capture in Fig. 2.33 shows that the job named ucelll.inp completed without error. The header
indicates that the output file is called wucelll.out and it is stored in output directory
Z:\Documents\SCALEPrimers\Samples2.
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Fig. 2.32. NEWT material PostScript file.
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Fig. 2.33. DOS command prompt window showing completed run.

2.5 SCALE/TRITON OUTPUT

You can view the output file by returning to GeeWiz and clicking on Qutput on the top toolbar.
Alternatively, you can navigate to the output file directory and open the output file (with the extension of
“.out”) with a text editor such as WordPad. By default, GeeWiz opens the file in the Programmer’s File
Editor (PFE) that is distributed with SCALE. Note: If the default is not set or you would like to use a
different text editor, you can change the default text editor using the Setup button in GeeWiz.
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SCALE & Job Information
Job started on ADEBRIANJG174 on Wed 18/27/2810 12:14:144.72
SCALE version : scaleé on drive c:
Uorking directory: Z:\scaleé\tmp_16095
Input file name : ucelll.inp
Output file name : ucelld.out
Output directory : 2:\Documents\SCALEPrimers\Samples2?

primary module access and input record { Scale 6.8 driver )
The following data cards precede an = card
*Input generated by GeeWiz SCALE 6.8.13.04 Compiled on January 4, 2818

module t-newt will be called at 12:14:44_852 on 16/27/20810.
parn=(centrm)

ucelll
us-4h
read composition
uo2 1 den=18.5 1 300
92234 0.005407837
92235 3.5
92238 9649459 end
zirch 21300 end
h2o 3 1 3080 end

end composition
read celldata
latticecell squarepitch fuelr=8.5 1 cladr=0.6 2 hpitch=8.7 3 end
end celldata
read model
read parameter
dravit=yes
echo=yes
timed=no
end parameter
vead materials
« 0

Ln 1813 Col 6 2247 R Fiec Oif [NoWiap [DOS |IN5 [HUM

Fig. 2.34. Input echo at top of output file.

Figure 2.34 is a view of the ASCII text output file in PFE. The text output file contains the following
sections:

e ccho of input;
e TRITON information and brief review of input values;

e cross-section processing and data handling output from CRAWDAD, BONAMI,
WORKER, CENTRM, and PMC; and

e NEWT output data.

There are many pages in the output file. Each module has a section of output, starting with the TRITON
control module, which is then followed by the functional modules BONAMI, WORKER, CENTRM,
PMC, WORKER, and NEWT. For lattice physics, the main interest is the cross sections that are
produced, but it is essential to check the output to have confidence in the accuracy of the cross sections
produced. If you did not record k. from the DOS window, you can search for “k—ef£” in the output
file. The first instance is the initial guess of k. and the second is the k. that NEWT calculates.
Alternatively, you can simply search for “k-eff =" to jump directly to the k. calculated by NEWT.
Here you can also see a four-factor summary of the problem, as shown in Fig. 2.35.
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Programmer’s File Editor - [Z:\Documents\SCALEPrimers\Samples2iucelll.out]

B File Edit Options

Template Exccute  Macro Wi

123 I P I3[ RN

1.3917 2.617E-02 2_658E-82 ( 15 1.422 2 18, 22) §
11 1.3618 2.262E-82 1.853E-82 ( 5, 1) 9.644E-83 ( 17, 4@) | Find
12 1.3415 1.4508E-82 9.709E-83 ( 7, 1) 6.257E-83 ( 18, 48)
13 1.3327  6.665E-03 4.825E-03 ( 26, ©) A4.782E-03 ( 24, 9) Findwhat  [icelf ~]
14 1.3312 1.098E-03 2.923E-83 { 21, 18) 2.897E-83 ( 28, 18)
15 1.3336 1.730E-83 2.526E-83 ( 15 1) 2.079E-83 ( 17, 16) I Match Case Cancel
16 1.3369 2.524F-83 2_.478E-83 ( 28, 1) 1.383E-83 { 18, 22) ¥ Select matching text Direction
17 1.3398 2.165E-03 1.738E-83 ( 5 1) 9.322E-04 ( 17, 49) i q
18 1.3417  1.382E-03 8.976E-84 ( 7. 1) 6.017E-84 ( 18, 9) B Gzt ' lp @ e Help
19  1.342% 6.153E-04% 4.618E-B4 ( 21 2 4.574E-04 ( 23 ?)
28 1.3426 1.003E-84% 2.774E-84 ( 26, 18) 2.749E-84 ( 28, 18)
21 1.3425 8.104E-05 2_119E-84 ( 17, 16) 2.119E-84 ( 17, 16) F
22 1.3424 1.215E-04 1.668E-84 ( 18, 22) 1.668E-04 ( 18, 22) F
23 1.3422 1.420E-084% 1.168E-84 ( 11, 42) 1.168E-84 ( 11, 42) F
24 1.3420 1.197E-04 8.641E-085 ( 17, 48) 8.041E-05 ( 17, 49) T
25 1.34119 5.826E-85 4.437E-B5 { 17, 42) 4_437E-85 ( 17, 42) T
26 1.3419 2.671E-85 2.237E-08% ( 12, 39) 2.237E-05 ( 12, 39) T
k-ef g 1.34198627
Four-Factor Estimate of k-infinity. Fast/Thermal boundary: 8.62508 el
Fiss_. neutrons/thermal abs. (eta): 1.855250
Thermal utilization (f): 9.943915
Resonance Escape probability (p): 8.573158
Fast-fission factor (epsilon): 1.336708
Infinite neutron multiplication 1.341654
Alternate 3-Group Formulation Terms.
Fast/Res. boundary: 0.8210 MeU. Res./Therm. boundary: 8.6250e0
Fiss. neutrons/thermal abs. (eta): 1.855258
Thermal utilization (f): 0.943915
Racanance Ferana neahahilito fnd- A ARA127
< r
Ln 1813 Col & 2247 WA Rec Of [No'w'rap [DOS [INS HUM
- —— — = —

2.6 SUMMARY

Fig. 2.35. Calculated k. in output file.

This section has helped you to accomplish the following:

e understand the structure of SCALE/TRITON input files and know that there are parts
describing the sequence, control parameters, materials, unit cells, and the NEWT

geometry information

o use the GeeWiz user interface to create a SCALE/TRITON input file

e setup and run a simple criticality problem using SCALE/TRITON

Now that you have successfully run SCALE/TRITON, you are ready to learn the options available in each
input segment and how to set up more-complex problems in detail. The sections that follow present these

details in a similar format to that used here in Quickstart.
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3. MATERIAL INFORMATION INPUT

In the Quickstart section (Sect. 2), you ran a simple problem with SCALE/TRITON using the GeeWiz
User Interface. From this you gained confidence in using the code and some experience with GeeWiz.
This section and subsequent sections provide a more detailed explanation of the commands used in the
Quickstart section.

3.1 WHAT YOU WILL BE ABLE TO DO
o identify the cross-section libraries available for lattice physics analyses

e use the GeeWiz user interface to provide input data on more complicated basic
compositions, compounds, and alloys

e use the GeeWiz user interface to learn the cross-section processing options used in
lattice physics

3.2 TRITON SEQUENCE

For ease of use and minimization of human error, the SCALE data handling and program flow are
automated as much as possible through the use of control modules. These control modules contain
calculational sequences that prepare the input for and call the functional modules required for a particular
analysis. For lattice physics analysis, the TRITON T-DEPL depletion sequence (Fig. 3.1) is used to
provide automated problem-dependent cross-section processing followed by a transport calculation of the
neutron multiplication factor and flux distribution and then the depletion/decay calculations.
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GeeWiz

SCALE C__TRITON Input File__>
Driver
and
TRITON »| Cross-Section
Processing Cross-section preparation
Modules
NEWT or .
KENO-V.a or Transport Calculation
" KENO-VI
\ Isotopic Fuel depletion/decay
All time ) Depletion/Decay | (repeat for all depletion
e Modules mixtures)
one?
Yes
- OPUS Depletion Data Post-Processor
End <__TRITON Output File(s) >

Fig. 3.1. TRITON T-DEPL depletion sequence.

This control sequence uses the cross-section processing codes BONAMI (for the unresolved resonance
energy range) and NITAWL or CENTRM/PMC (for the resolved resonance range) to provide multigroup
resonance-corrected cross sections. CENTRM/PMC use continuous-energy data to provide a more
rigorous method than NITAWL for generating resonance-corrected multigroup cross sections. Note that
CENTRM/PMC is the default for SCALE multigroup calculations and must be used with multigroup
ENDEF/B-VI or ENDF/B-VII libraries.

The selection of a sequence is done through the General information window of GeeWiz. Click on the
General button to open this window. Information in this window includes a Title for the problem, the
Application, and the Sequence that will be executed. For TRITON, there are a number of different
sequences available. The T-XSEC sequence is used to process cross-section data; the T-NEWT sequence
is used to process cross sections and run a steady-state NEWT transport calculation; the T-DEPL
sequence is used to process cross sections and perform time-dependent transport and depletion
calculations with NEWT and ORIGEN; and the T5-DEPL and T6-DEPL sequences are similar to
T-DEPL but they use KENO-V.a or KENO-VI, respectively, for the transport calculations. This primer
focuses entirely on the T-NEWT and T-DEPL sequences.

3.3 CROSS-SECTION LIBRARIES
The TRITON sequence uses the SCALE Standard Composition Library (described later in this section)
for specifying the materials and mixtures used in a calculation and provides automatic problem-dependent

multigroup cross-section preparation prior to the transport calculation. This section describes the cross-
section libraries available for 2-D or 3-D transport calculations in SCALE 6.1.
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There are several multigroup cross-section libraries distributed with SCALE suitable for lattice physics
analyses. The 238-group ENDEF/B-V library (238GROUPNDF5 or V5-238) contains data for all
ENDEF/B-V nuclides and has 148 fast and 90 thermal groups. Most resonance nuclides in the 238-group
library have resonance data in the resolved resonance region and Bondarenko factors in the unresolved
resonance region. The 44-group ENDF/B-V library (44GROUPNDEFS or V5-44) is a broad-group version
of 238GROUPNDFS5 designed for analysis of light-water-reactor (LWR) fresh and spent fuel systems and
has been extensively validated against LWR critical experiments. In addition, there are 238-group
ENDEF/B-VI (V6-238) and ENDF/B-VII libraries (V7-238) that have the same group structure as the
ENDF/B-V version. SCALE has continuous energy cross-section libraries, but they are not available to
the T-NEWT and T-DEPL sequences because they are not compatible with NEWT, which is a multigroup
code.

Table 3.1 lists the standard SCALE cross-section libraries, along with the alphanumeric name and the
main source of data for each library. A more detailed discussion of the cross-section libraries is contained
in the SCALE manual [SCALE manual, Section M4].

Table 3.1. SCALE cross-section libraries for lattice physics analyses

Name Description Primary source of data
v5-44 . Collapsed from 238-group
(44groupndfs) ENDEF/B-V 44-group neutron library ENDF/B-V library
v3-238 ENDF/B-V 238-group neutron librar ENDF/B-V data
(238groupndfs) group y
v6-238 ENDEF/B-VI 238-group neutron library ENDF/B-VI Release 8
v7-238 ENDF/B-VII 238-group neutron library ~ ENDF/B-VII Release 0

For lattice physics simulations, use of the ENDF/B-VII 238-group library (v7-238) is recommended; this
is the latest multigroup library that is available to SCALE users. Using a library with a smaller number of
groups will automatically speed up the calculation, but the ENDF/B-V 44-group library was collapsed
with a spectrum that may be slightly different than the spectrum in your problem of interest. This library
is good for scoping and test calculations, but it is not recommended for production calculations. A good
tradeoff between speed and accuracy can be obtained using TRITON’s parm=weight function, which
uses the problem-dependent spectra to collapse the 238-group library you are using to a 49-group library.
This option will be discussed in depth later in the primer.

A library is selected in the General form from the drop-down menu for Cross-section Library (see
Fig. 3.2).
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[ General il m ﬁq

Title: |ucel2

Application: |TF||TUN : T-#SEC, T-MEWT, T-DEPL, T5-DEPL, TE-DEPL j
Sequence: |T-DEF'L ﬂ

Farn= Iv¥ Check [ Orarflus  AddMus = ,—L| [ weight= ’—

Tozz-zection processing

B atchb Arguments

- print meszages ddgroupndi5 Boo to the screen
- print block lettd 238groupndfS

- don't remove temporary working directory at end of job
- uge gpecified existing ternporary working directony

- UMIX carmage return output format

[ i e e

¢ 4w o3

- return optional XSDRN files for plotting in Javapeno

7 Help | rgl OK | | & Clear | @CANCEL| |‘

L —

Fig. 3.2. Selection of cross-section library.

For multigroup libraries, TRITON calls BONAMI first to process nuclides with Bondarenko data. The
master library output from BONAMI is input to NITAWL, where resonance data are processed via the
Nordheim Integral Treatment or to CENTRM, which performs a 1-D continuous-energy calculation that
is subsequently collapsed to multigroup cross sections by PMC. In either case, the result is an AMPX
working-format library that is used by NEWT for the transport calculation. Note that CENTRM must
be used to process ENDF/B-VI or later multigroup cross-section libraries. GeeWiz will limit the user
options to CENTRM or 2REGION (a simplified CENTRM calculation) if an ENDFB-VI or ENDFB-VII
library is selected.

3.4 MATERIAL INPUT

Information for materials in a system model is entered into GeeWiz, which converts that information into
the format required by MIPLIB in TRITON. Input data to GeeWiz identify the materials from the
Standard Composition Library and associated physical densities to calculate the number densities
(atoms/b-cm) of each material specified in the problem. These input data include (1)the Standard
Composition data that are used in the standardized number density calculations (a standardized
alphanumeric name, mixture number, and other data to define materials, including volume fraction or
percent theoretical density, temperature, and isotopic distribution), and (2) the unit cell description
defining the materials, dimensions, and boundary conditions of the geometry that will be used in the
Dancoff factor calculations, the resonance self-shielding calculations, and the flux-weighting cell
calculations necessary for multigroup cross-section processing.

The Standard Composition Library describes the various predefined isotopes, elements (both symbols and
full names), compounds, alloys, and other materials that can be used to define the material mixtures for a
given problem. A complete description of the materials in the library is contained in the SCALE manual
[SCALE manual, Section M8]. The library contains over 700 compounds, alloys, elements, and isotopes
that one may use in defining the material mixtures for a given problem.
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When formulating a mixture, it is often necessary to know the density (g/cc) of the mixture and the
weight fractions of the various constituent materials. Because SCALE uses naturally occurring isotopic
abundances for materials, SCALE default densities should not be used for materials containing enriched
isotopes, especially light elements with strong absorbers such as boron, B,C, or lithium. Also, nuclear
fuels are usually specified as a percentage of theoretical density (TD). The SCALE default density for
UO, is 100% TD. Users need to specify the percent TD or a user-specified density in such cases. The
default temperature value is 300 K (room temperature). Users need to supply operating condition
temperatures of each material to correctly process resonance data, Bondarenko data, and/or thermal-
scattering data. If the temperature is specified in the design data, it should be used, or a best estimate of
the temperature of a material should be obtained. Likewise, the moderator density at operating conditions
should also be specified in the input.

3.5 MATERIAL INPUT - LWR SAMPLE PROBLEMS

A mini-assembly sample problem will be used to illustrate how to enter material information into
TRITON using GeeWiz. It is not possible to complete and run this sample problem in this section
because the mini-assembly contains more advanced geometry input that will be learned later. Rather, the
materials that will be later used in a mini-assembly sample problem will be set up.

3.5.1 Mini-Assembly Materials

A typical lattice physics model contains many different materials. In this section you will learn how to
set up materials for many of the basic materials that are typically used in lattice models. Materials for
standard UQO, fuel, UO, fuel containing gadolinium oxide, Zircaloy clad, stainless steel, borated water,
and a typical absorber material for burnable poison or control rods will be entered in this section.
Table 3.2 summarizes the materials that will be built in GeeWiz.

Table 3.2. Material data for mini-assembly problem

Material Density (g/cm’) Tem;z;{r)ature
UO,(4.00% enr) 97% TD 900
UO0,(3.50% enr) + 6 wt% Gd,04 97% TD 900
Zircaloy-4 6.56 540
SS304L 7.94 500
Water + 900 ppm nat boron 0.8428 500
B4,C 70% TD 500

3.51.1 4.00% Enriched UO,

First, you will learn to enter a basic fuel material, UO,. UQ, is the mostly widely utilized nuclear fuel so
only UQ; is used in this primer. UO, is included in the standard composition library of SCALE. The
SCALE standard composition for UO, contains default isotopic concentrations for natural uranium. A
user should specify the isotopic concentration corresponding to a particular enrichment; in this case, 4.00
wt% enriched in *°U.

Start a new problem in GeeWiz by clicking the New button to start a new input file. Click the General
button on the left toolbar. Enter mini-assembly for the Title. Choose TRITON for the Application;
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choose T-NEWT for the Sequence; choose the v7-238 Cross-section Library; click the Parm=Check
checkbox (Fig. 3.3), and then click OK.

7 General P ‘, - -.- B <
Title: |mini-assemb|_lrl
Application: |TF|ITDN : T-<SEC. T-MEWT. T-DEPL. TB-DEPL. TE-DEFL j
Sequence: |T-NEWT j

Pam= [ Check r Weight=
Crose-gection Library: | TEEEEE] -

*=\afarning: Geaometny data exists ==

L gge |CENTFH‘-J1 ﬂ for crozs-gection processing If you change to an application that uses &
different geometry model any existing geometry,
plat, start, bounds, and search data will be

BatchE Arguments deleted

¥ -m - print messages from KEND, %SDRMN. Monaco to the screen

[~ -p - print black letter banner pages in output

[ -t - don't remave termparary waorking directary at end of job

[ 4 e zpecified existing termporary working directary

[ - - UNIEX carriage return output farmat

[ - - return optional ¥SORM files for plotting inJ avapeno

? Hep | [ ook ||

Clear ‘ IE[CANCEL|

- = ]

Fig. 3.3. General form for mini-assembly problem.

Then click Compositions from the left toolbar and the Standard Basic Compositions window will
appear. Click Create to start a new composition, and then click Basic Composition on the New
Composition dialog (Fig. 3.4).
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Edit Alias
Name | Mx | ROTH | vF | ADEN | Temp(K) | 1z | Fname |

Mew Composition @

Pleasze Select Type for New Cormposition

Create

ko,

Basic

ol

Solutions

2o,

Campounds

ol

Wt % Wi

Deleteg'

Comp

Edit

[Basic Composition | § |
| Solution |
|Alloy or Mix (Wt %) )
[ Compound (atom) 5§ |

 [cancel

Fig. 3.4. Standard basic compositions input.

In the Basic Standard Composition form, leave the Mixture number as 1 and select uo2 from the
Composition Name dropdown. Hint: The compositions are arranged in alphabetical order; you can
press “u” on your keyboard to jump down the list to compositions starting with “u.” There are two
different ways to specify that UO, has a non-default density of 97% TD. The easiest way is to use the
Density Multiplier by entering 0.97 as the Density Multiplier. The other way is to input a User
Supplied density in the Density box. The User Specified density function should be used when the fuel
mixture contains additional compositions (e.g., Gd,O3 poison). It is important to note that the density of
UO, decreases slightly with increasing enrichment. In this example, assume that the difference is
negligible, but you might need to account for it in your calculation. Enter 900 in the Temperature input
field. Now click Edit Selection under the Isotopic Distribution box. The Isotopic Distribution form
will appear. Enter 4.0 for the 92235 Wgt. Percent, and then click inside the Wgt. Percent field for
92238. When the cursor is blinking in this field, click Fill to 100% button. GeeWiz will adjust the
92238 Wgt. Percent so that all weight percents sum to 100%. The Isotopic Distribution window
should look like Fig. 3.5 when finished.
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Isotopic Distribution @

lzatope | ‘wigt Percent
92232 |00

92233 |00

92234 |0.005407837
92235 (4.0

92236 (0.0

92237 |00

92238 |95.93459

[Fill to 100%

Set Defaults

E 0K |E[ CANCEL |

Fig. 3.5. Isotopic distribution input for mixture 1.

The final Basic Standard Composition form for mixture 1 (UO,) can be found in Fig. 3.6. If your Basic
Standard Composition window looks like this figure, click OK.

Basic Standard Composition @
M M - Ez | & | | &
LEEJ M last prev ngct m‘pv n|e3\;v ok clear cancel
Mixture 1 [ Use Aliazes for Mistures
Compogition Mame un? -
Drenzity Multiplier 0.97
Temperature [K) ’9%7 |zotopic Distribution
El- 92000

92234 0.002407837 Wiz

Drenaity 92235 AW
L 92238 95.99459WE
10,96

+ Default [gloc)
" Uszer Supplied [g/cc) [DEM =)
" Number Density [atomz/b-crm)] [RDEN)

=P ditselection

Record ’1— of ’1— records

Fig. 3.6. Basic standard composition input for mixture 1.

3.5.1.2  3.50% Enriched UO,; + 6 wt% Gd,O;

In this section you will learn to specify a mixture that is a combination of two SCALE standard
compositions. This example will also demonstrate how to apply a burnable absorber, Gd,0s, to a fuel
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material, UO,. For this material, a piece of paper and a calculator, or alternatively, a spreadsheet program
will be needed. It can be useful to insert these simple calculations into a spreadsheet so that they can be
repeated easily anytime you need. Click Create from the Standard Basic Compositions window.
Choose Basic Composition from the New Composition window. Use 2 for Mixture; uo2 for
Composition Name; leave the Density Multiplier of 1 for now; and use 900 for Temperature. Do not
do anything with the Density at this point, rather, record the SCALE default density for UO,
(10.96 g/cm®). Now modify the Isotopic Distribution to reflect an enrichment of 3.5 percent using the
method from the previous section. When finished, click OK to save the composition, then Create on the
top toolbar of the Basic Standard Composition form to create another mixture.

Use 2 for Mixture again; you must manually change it from the automatically incremented value of 3.
Select gd203 from the Composition Name dropdown; change the Temperature to 900, and record the
SCALE default density (7.07 g/cm’).

Now the resulting density of the UO, and Gd,O; should be calculated. Remember that this should be 6
wt% Gd,0;, and 94 wt% UQO,. This calculation can be accomplished with a simple equation:

ptotal = Wt%lpl + Wt%2p2
Do =0.94%10.96 +0.06* 7.07 =10.7266 g/em’

Also, because the fuel is 97% TD, you need to multiply the total density by 0.97. The final density is
10.4048 g/cm’. Enter this value, 10.4048, for both composition in mixture number 2 (UO, and Gd,0;)
using the User Specified density functionality. Also, enter 0.94 in the Density Multiplier field for
UO2 and 0. 06 for Gd,0Os. These values correspond to 94 wt% UO, and 6 wt% Gd,O;. The final input
forms for these compositions are shown in Figs. 3.7 and 3.8.
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Basic Standard Compaositicn

R M A Rl B0 2|82
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Denzity Multiplier 094
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- 92000
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10,4048
" Default [gfce)
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|Edit Selection

Record |2_ of |3_ records

Fig. 3.7. Basic standard composition input for uo2 (mixture 2).
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Basic Standard Composition Iﬁ
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hEp ‘ first lazt prew ngd co‘pv nlez;v ok clear cancel

b iture 2 [~ Use Aliases for Mistures
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Density B4154 2133824 WX
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‘Edit Selection

Record |3_ of |3_ recaords

Fig. 3.8. Basic standard composition input for gd203 (mixture 2).

So far, two fuel materials, 4.00% enriched UQ,, and 3.50% enriched UO, with 6.0 wt% Gd,O; have been
added to the input file. The Standard Basic Compositions summary window should look like Fig. 3.9.
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gd2o3 2 104048 0.06 900

Fig. 3.9. Standard basic compositions summary for mixtures 1 and 2.

3.5.1.3 Zircaloy-4

Zircaloy-2 and Zircaloy-4 are commonly used cladding materials for nuclear fuel. They are also standard
compositions zirc2 and zirc4 in SCALE. Click Create, choose Basic Composition, and add zirc4
as mixture 3 at 540K with the SCALE default density (6.56 g/em’). If your Basic Standard
Composition window looks like Fig. 3.10, then click OK.
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Fig. 3.10. Basic standard composition input for zirc4.

3.5.1.4 SS304L — Nonstandard Composition

Sometimes materials are specified in the design data for which a Basic Composition has not been
predefined in the SCALE Standard Composition Library. Stainless steel (SS) type 304L is a low-carbon
version of the standard SS type 304. It is commonly used in structural components of nuclear reactors.
Currently, SCALE does not have a standard composition available for SS304L, so the data for this
material must be entered manually. It is simplest to use the Alloy or Mix (Wt%) input for this material.
This feature is convenient for alloys because alloys are usually specified as weight percentages of each
element. For SS304L, use the compositions from Table 3.3. The density of SS304L is 7.94 g/cm’.

Table 3.3. Elemental composition for SS304L°

Element Wt%
Chromium 18.200
Nickel 8.500
Manganese 1.600
Silicon 0.500
Carbon 0.015
Iron Balance

Begin from the Standard Basic Compositions window by clicking Create. You should then select
Alloy or Mix (Wt%) from the New Composition window, and the Alloy or Mixture Composition
(WTPT) window will appear (Fig. 3.11).
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Muclide has not been selected

Fecord ’5_ of ’5_ records

Fig. 3.11. Alloy or mixture composition form.

As before, the Mixture number is the number that is used to identify this material. In the Composition
Name wtpt box, the user has a choice of what to name this material. It is always a good idea to use
something descriptive. Note that this input does not change anything in the material; it is just a name that
is given to the material. For this material, enter ss3041. Note that the prefix wtpt is a keyword in
SCALE for user-defined compositions specified by weight percent. This prefix will be inserted by
GeeWiz in the SCALE/TRITON input file, so that the mixture name will appear as wtptss3041. Input
7.94 g/em’ for the Density and leave the Density Multiplier as 1. Change the Temperature to
500 K. Now click Insert Nuclide to enter each of the elements and their corresponding weight

percentages. When you are finished specifying chromium as shown in Fig. 3.12, click OK to add it to the
mixture.
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Fig. 3.12. Insert nuclide form for chromium in SS304L.
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ni 28000 a2
manganese 25000 1
z' 1;0[335] DPU Select Nuclide to Insert I\ron d
‘weight Percent 71.185
{
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Fig. 3.13. Insert nuclide form for iron in SS304L.

The final Alloy or Mixture Composition (WTPT) window should look like Fig. 3.14; if so, click OK.
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Repeat this process to enter each element and its corresponding weight percent according to Table 3.3
until you get to iron. When you are ready to enter iron, select it from the Select Nuclide to Insert
dropdown, click inside the Weight Percent box, then click Fill to 100%. GeeWiz will complete the
math, filling the rest of the material to 100% with iron as seen in Fig. 3.13.
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Fig. 3.14. Alloy or mixture composition form for SS304L.

In addition to the basic WTPT input, you can also change the isotopic distribution for most elements
when using an ENDFB-VII library. For instance, you could use the WTPT option to specify gadolinium-
bearing fuel. In that case, you would need to change the isotopic distribution of uranium to an enrichment
greater than natural uranium. The WTPT input cannot use SCALE compounds, making it somewhat
difficult to use for mixtures of two compounds, as is the case for gadolinium-bearing fuel (Gd,O; + UQ,).

3.5.1.5 Water with 900 ppm Boron

The most common coolant used in nuclear reactors operating around the world is water. In the United
States, commercial reactors use light water (i.e., HO). In other parts of the world (e.g., Canada), it is
common to use heavy water (D,O—deuterium instead of normal hydrogen) as a moderator and coolant.
SCALE has standard compositions for both light water and heavy water, but this primer focuses on light
water. It is important to remember that because water is a liquid, its density changes with variation of
temperature and pressure. To obtain the correct density of water, you should use steam tables to calculate
the density. There are a number of free online tools that you can use to calculate the properties of water,
such as www.steamtablesonline.com.

To enter water with 900 ppm boron, it is best to use a similar format to that used for the Gd-bearing fuel.
Use the standard compositions for boron and water, set them at the same density (the water density,
0.8458 g/cm’), and use the density multiplier to specify boron as a 900 ppm weight fraction. Click
Create and choose Basic Composition. The Mixture number is 5; Composition Name is h2o; Density
Multiplier is 1; and Temperature is 500 K. Specify a User Supplied density of 0.8458 g/cm’, as
shown in Fig. 3.15.
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Fig. 3.15. Basic standard composition form for h2o.

Click OK to save the compositions; then click Create and choose Basic Composition. Change the
Mixture number to 5 to specify that this composition is being mixed with the other composition in
mixture number 5. Compeosition Name is boron; Density Multiplier is 900e-6 to specify 900 ppm;
and Temperature is 500 K. Specifying boron in this manner ensure that boron is added in a per mass
basis to be consistent with nodal simulators and thermal hydraulics codes (TRACE-PARCS). Specify a
User Supplied density of 0.8458 g/cm’, as seen in Fig. 3.16. Because the concentration of boron is so
small, accounting for it in the density of the mixture it typically not needed; it is reasonable to simply use
the water density that is obtained from the steam tables.
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Fig. 3.16. Basic standard composition form for boron in water.

3.51.6 B,C

B4C is a commonly used as a neutron absorber in burnable poison rods. In many instances, users will
need to model burnable poison or control rods, so it is important to learn how this input works. There is
really no difference in the input for this material as compared to any other standard composition in
GeeWiz. Most often, B4C is in powder form instead of solid form, so a percent TD is usually specified
for the density. Users will need to use either the Density Multiplier or a User Supplied density for this
material.

Starting at the Standard Basic Compositions window, click Create and choose Basic Composition.
Input Mixture number 6, Composition Name b4c, Density Multiplier of 1, Temperature of 500 K,
and User Supplied density of 2.52%0.70 = 1. 764 g/cm’ to specify B4C at 70% TD. The Basic Standard
Composition window for this material can be found in Fig. 3.17.

58



Basic Standard Composition @

>R R L
hz first last prey ngd co‘pv nlezx;r ok clear cance]

Misture |6 [ Use Aliases for Mixtures

Composzition Mame bdc -

Drengity Multiplier 1 ; o

T ) ,5007 |zotopic Digtibution

E1- 5000
- 010 18,4309 Wi
Drenzity w5011 §1.5691 Wi
1.764)

" Default [g/ce)
@+ User Supplied (g/cc) (DEN =]
" Mumber Denzity [atoms/b-cm] [ADEN]

E dit Selection

Record ’3_ of ’3_ recards

Fig. 3.17. Basic standard composition form for B,C.

After entering all these materials, you should have a Standard Basic Compositions summary window
with five different compositions and a WTPT Mixtures summary window with one composition, as seen
in Fig. 3.18.

59



[ WTPT Mixtures - ZADocumer

File View Edit Window Setup Help Import
O =] = i L) ) z ?
=)
GEF'e.ra\ New Open Save Run Output | Plats | Javapeno] HTML | PlotOpus Help
1
Cnm;E;Emnns & standard Basic Compositions o [@ =
DeleteX
o 28 28 o 68 | o | e |
Cell Data Basic | _Solutions | compounds| Wt % Mix Create Edit Edif Allas Comp | _Gopy Mix Close
Neme [ Mx[ROTH [vF  [ADEN| Temp(o[1ZA [ Fname
Parameters +uo2 1 097 900 92234 0.005407837
“luo2 2 104048 084 900 92234 0005407837
Mﬂll gd2o3 2 104048 006 200
ateriah zrch 3 1 540
TN ho 5 08458 1 500
- Y
Hgmﬁinﬁzg boron 5 0.8458 00009 500
— blc 6 1764 1 500
Ly +luo2 12 104048 094 900 92234 0.005407837
Flux Planes gd203 12 104048 006 900
e zirck 13 1 540 5 )
u;t;‘b‘e hzo 15 08458 1 500 i WTPT Mixtures oo ]
boron 15 08458 00009 500 DeleteX 5
fi=i} +luo 22 104048 034 200 92234 0.005407837 a8 &8 88 &6 e Detete®” | or By =
Geometry gd203 22 104048 0.6 00 Hasic Solutions | Compounds| it % Mix Create Edit Edit Alias Comp | _Copy Mix Close
a7 +luo2 32 104048 084 900 92234 0.005407837 | [ Name [ Mx | ROTH | NEL| NCZA| ATPM [ VE | Temp(K)
Arrays gd2o3 32 104048 006 200 +owiptss304l 4 784 6 24000 182 1 500
*luo2 42 104048 094 900 92234 0.005407837
d203 42 104048 0.06 200
gk 9
Kesp
Definitions
System
Fesponzes
<HTML>
Ready NUM

Fig. 3.18. Standard composition summary for mini-assembly problem.

3.5.1.7 The Copy Function

Before closing the compositions windows, you will learn another useful feature—how to make additional
copies of a mixture. During cross-section processing, a user cannot use the same composition in multiple
Cell Data definitions. For this reason, users will often need to specify multiple mixtures that have the
same composition but different mixture numbers. For the mini-assembly problem -cross-section
processing, different moderator and clad mixture numbers for the normal 4.00% enriched fuel pin and the
gadolinium-bearing fuel pin are needed. Users can utilize the Delete or Copy Mix function to copy one
mixture to another. Under the Standard Basic Compositions window, click the clad mixture zirc4 so
that it is highlighted, and then click the Delete or Copy Mix button. The Copy or Move Mixtures
window should appear. Select Copy Mixture and copy the mixture number 3 to mixture number 13
(Fig. 3.19) and click OK.
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Fig. 3.19. Copy or move mixtures dialog.

Using the same process, copy mixture 5 (h2o + boron)to mixture 15. Hint: It is useful to number
mixtures in a manner that is easy to follow. By naming clad and water as illustrated in this example, you
know that any mixture ending in “3” is clad and any mixture ending in “5” is moderator. You have now
copied the clad and moderator to other mixture numbers that will be used during cross-section processing.

The gadolinium-bearing fuel pin requires a special type of cross-section processing in order to obtain an
accurate solution. For this type of cross-section processing in this example, specification of a total of five
identical gadolinium-bearing fuel mixtures that be modeled as rings in the fuel pin are required. Use the
Delete or Copy Mix function again to copy mixture 2 (uo2 + gd203) to mixtures 12, 22, 32, and 42.
GeeWiz orders the mixtures by mixture number, so the copied mixtures will not be displayed together in
the Standard Basic Compositions window.

Your Standard Basic Compositions summary window should look like Fig. 3.20; if so, you may close
the windows.
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Fig. 3.20. Standard composition summary with additional copied mixtures.

3.6 LWR CROSS-SECTION PROCESSING

One of the main functions performed in the TRITON sequences is cross-section processing. One of the
options in the GeeWiz General form that appears on the first line of a TRITON input file is the cross-
section processing option to be used. For lattice physics, there are four different options that a user can
choose. Selection of a particular option depends upon the accuracy desired and the computer time that the
user has available.

The cross-section processing options appear on the Cross-Section Processing dropdown on the General
window of GeeWiz, as seen in Fig. 3.21 under the Cross-Section Processing dropdown: NITAWL,
CENTRM, NOCENTRM, and 2REGION. The NOCENTRM option is not recommended for lattice
physics calculations and is not discussed in this primer.

The fastest but least rigorous solution can be obtained using NITAWL, which performs problem-
dependent resonance self-shielding using the Nordheim Integral Treatment. NITAWL is only
recommended for scoping calculations or calculations where great accuracy is not needed. This option
can only be used with the SCALE ENDF/B-V cross-section libraries.
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Fig. 3.21. Cross-section processing options in GeeWiz.

The most accurate solution can be obtained using CENTRM, which computes “continuous-energy”
neutron spectra using various deterministic approximations to the Boltzmann transport equation in 1-D or
infinite media geometry. The primary function of CENTRM is to determine problem-specific fluxes for
processing resonance-shielded multigroup data. This is done by performing a CENTRM calculation for a
simplified system model (e.g., a 1-D unit cell either isolated or in an infinite lattice), and then utilizing the
spectrum as a problem-dependent weight function for multigroup averaging. The multigroup data
processing is done by the PMC module, which reads the CENTRM continuous-energy flux spectra and
cross-section data and calculates problem-dependent, group-averaged cross sections. The resulting
application-specific multigroup cross-section library can be passed to higher dimensional calculations
performed with a multigroup transport code such as NEWT or KENO. In this approach the multigroup
cross-section processing becomes an active component in the overall transport analysis, because the group
averaging is tailored specifically to the system being analyzed. For lattice physics production calculations,
use of CENTRM for cross-section processing is recommended. Some advanced options, such as applying
user-defined Dancoff factors to certain unit cells, are only available when using CENTRM.

A good tradeoff between accuracy and computational cost can be obtained using the 2REGION option.
2REGION is a simplified version of CENTRM that uses a two-region approximation to compute
resonance self-shielding data, which is generally applicable to LWR lattices. For any integral fuel
burnable absorber pins, CENTRM should be used.

For the sample problems in the primer, CENTRM will be used exclusively. There are four types of unit
cells in SCALE from which to choose. You should choose the unit cell type that most accurately
represents your model; a full description of all the different unit cell types is contained in the SCALE
manual [SCALE manual, Section M7.3]. In this primer the focus is on the two types of unit cells that are
needed in LWR lattice physics: Lattice Cell and Multiregion.

3.6.1 Lattice Cell — Fuels without Integral Fuel Burnable Absorber
In this section, additional parts required for the mini-assembly problem, minil.inp, will be added. With

this problem open, select Cell Data from the left toolbar, and the Unit Cell Data window should appear
as in Fig. 3.22.
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Fig. 3.22. Unit cell data window.

On the top row of tabs, make sure that the Lattice Cell tab is selected. Click New Cell to begin entry of
lattice cell data. Upon clicking the New Cell button, a new form titled Lattice Cell Data appears
(Fig. 3.23).

Lattice Cell Data ==
-

Unit Cell Description
Tupe of Lattice | | CELLMIX =
Hal Pitch e |0 = CELLMIX walue shauld not be an existing misture number.
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Fuel Misture ‘[Select Misture]

Lol

Moderator Misture: ‘[S elect Misture]

[ Clad/Gap Exists

! 7 Help | @OK | E’CANCEL|

Fig. 3.23. Lattice cell data form.

For this portion, you will enter information for the primary fuel pin, 4.00% enriched UO, with no
gadolinium. For the Type of Lattice dropdown, choose SquarePitch. The SquarePitch option assumes
that the fuel pin lies in an infinite square lattice of identical fuel pins—this is a reasonable assumption for
fuel self-shielding in most lattices, especially PWRs. For this problem, use the same geometric
dimensions as the Quickstart problem. Enter the geometric information in the Lattice Cell Data
window: 0.7 for Half Pitch (¢cm), 0.5 for Fuel Radius (cm), 1 uo?2 for the Fuel Mixture, and
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5 h2o,boron for the Moderator Mixture. Check the Clad/Gap Exists checkbox to specify 0. 6 for
the Clad Radius (cm) and 3 zirc4 for the Clad Mixture. The final Lattice Cell Data window should
look like Fig. 3.24. If it does, click OK.
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Type of Lattice |SquarePitch ~| CELLMIX =
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Fig. 3.24. Lattice cell data for 4.00% UO, fuel pin.

3.6.2 Multiregion — Fuels with Burnable Poison

The second type of frequently used unit cell in lattice physics is the Multiregion cell. The Multiregion
cell is intended for unit cells whose geometry effects on the resonance self-shielding are significant but
the cell cannot be defined using one of the SCALE Lattice Cell types. For fuel pins where the flux profile
across the fuel region changes sharply, such as gadolinium-bearing fuel, the spatial depletion of fuel and
poison is important. The user must model this type of fuel pin as a number of concentric rings with
different mixture numbers. Because concentric rings of fuel cannot be modeled in a SCALE Lattice Cell,
the Multiregion cell must be used. During burnup, at # = 0 (¢ = time), the mixture compositions of the fuel
rings are identical. As the mixtures deplete, the gadolinium in the outer edge of the pin depletes quickly
due to the high thermal flux in the moderator. With depletion, the concentration of strongly absorbing
gadolinium isotopes change as a function of the radial distance from the center of the fuel pin. The
gadolinium depletion continues moving toward the center of the fuel pin until the strongly absorbing
gadolinium isotopes have been completely depleted.

The number of rings that should be modeled in a gadolinium-bearing pin can vary. For example, more
rings will be needed for fuel pins with a larger radius. Using at least five rings is generally recommend,
but more may be necessary for your problem of interest.

For this example, the five different mixtures that were copied for gadolinium-bearing fuel (mixtures 2, 12,
22, 32, and 42) to construct a five-region fuel pin will be used to construct the fuel pin. The different
UO,+Gd,0; fuel regions will be constructed so that they are equal-area rings. The clad and water
moderator will also be modeled as concentric rings. The user will need to calculate the radii that
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correspond to the equal-area rings in the fuel and the ring of moderator that is equivalent to the lattice pin
pitch. The radii of the fuel rings can be calculated with a simple equation:

. /%Rz : (1)

where

r, is radius for ring #,

R is the outermost radius (fuel radius),
n is ring number (1, 2, 3 ..., N), and
N is the number of rings.

The ring of moderator should correspond to the same area as the true unit cell. In the true unit cell, the
dimensions are fuel pin radius, 0.5 cm; clad radius, 0.6 cm; and unit cell pitch, 1.4 cm. Using these
dimensions, calculate the radii for the five equal-area rings, and the radius of the moderator region
(Fig. 3.25). The purpose of adding rings to a fuel pin that contains burnable absorber is only to obtain a
detailed radial distribution of fuel and absorber concentration as a function of depletion. For the
Multiregion specification used in lattice physics, only concentric cylinders may be used, so the outer
boundary is modeled as a cylinder with a white boundary rather than infinitely reflected lattice cell.

Py =0.2236
Faers =0.3162
Faers = 0.3873
Faors = 0.4472
Faers = 0.5000
7., =0.6000

7. =0.7899

water

Fig. 3.25. Rings for Multiregion cell for UO,+Gd,0O; fuel pin.

To enter the data, click on the Cell Data button on the left toolbar. The Unit Cell Data window will
appear. Click on the MultiRegion tab along the top of the window, and then click New Cell. The
Multiregion Cell Data window should appear, as seen in Fig. 3.26.
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Fig. 3.26. Multiregion cell data form.

Select Cylindrical for Geometry Type, Reflected for Left Boundary Condition, and White
for Right Boundary Condition. Because the outer boundary is a cylindrical cell, a reflective boundary
condition is a poor choice, so select the white boundary condition. For the white boundary condition, the
incoming angular fluxes are each set equal to a single value (isotropic) chosen such that the net flow
across the boundary is zero. The white boundary provides isotropic return at a boundary and is suitable
for all geometries. Although the white boundary condition is in a sense nonphysical on a curved surface,
it is the best possible approximation of a reflective or repeating boundary condition, such as the case for a
square lattice cell. Using a reflective boundary conditions on a cylindrical surface can result in inaccurate
fluxes.

You can click Insert to begin inserting mixtures and radii for each ring in the Zones form (Fig. 3.27).
Insert the Radius 0.2236 and the Mixture 2 for the innermost fuel ring. Click OK to save the data for
the first zone. Repeat the process for each zone, working from inner to outer rings. Use mixtures 12, 22,
32, and 42 for the remaining fuel rings. For the clad and moderator use mixtures 13 and 15, because
mixtures 3 and 5 have already been used in the lattice cell for the 4.00% UO, fuel pin.
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Fig. 3.27. Zones form for multiregion cell.

The final Multiregion Cell Data window should look like Fig. 3.28. If everything looks correct, click

OK.

-
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Fig. 3.28. Multiregion cell data for UO,+Gd,0; fuel pin.

You should now have a squarepitch Lattice Cell and a cylindrical Multiregion unit cell in the
Unit Cell Data window. To view the summary of these two fuel pins, you can use the tabs along the top
of the Unit Cell Data window to switch between Lattice Cell and MultiRegion. You can also click the
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small “+” at the far left of the Multiregion cell to see the region details. If the Lattice Cell and
Multiregion tabs look like Figs. 3.29 and 3.30, click Close to close the Unit Cell Data window.
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Fig. 3.29. Lattice cell data summary.
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Fig. 3.30. Multiregion cell summary.

3.7 SUMMARY

This section has helped you to accomplish these objectives:
o identify the cross-section libraries available for lattice physics analyses

o use the GeeWiz user interface to provide input data on more complicated basic standard
compositions, compounds, and alloys
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e use the GeeWiz user interface to enter unit cell data for the two primary unit cell types used in
lattice physics modeling

Now that you have gained experience with material input and cross-section processing, more complicated
2-D geometries features, such as lattices, will be introduced.
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4. GEOMETRY INPUT

In the previous section you saw how to add various mixtures and learned how to process fuel for
resonance self-shielding. You saw how to use the GeeWiz user interface to insert data on elements,
isotopes, compounds, and solutions. You also saw how to use GeeWiz to set up two unit cells that are
commonly used in lattice physics to perform resonance self-shielding of fuel mixtures. This section
explains the commands used to construct basic TRITON/NEWT shapes such as cylinders, cuboids, and
arrays of these shapes and how to use these shapes to build lattice models. In this section, the basic
shapes in available in NEWT will first be introduced and then these shapes will be used to build a simple
mini-assembly model.

After having completed the Quickstart section and the previous chapters, you should understand how to
use GeeWiz to build a basic input file. In this section, the pace of the instruction increases by skipping
steps that the user should have learned in the previous sections. At various points during setup, and at the
end of each geometry option that is presented, a screenshot is presented so that the user may verify his

input. In the previous sections, every step was documented with a screenshot, but in this section some
basic steps will be skipped to make the document flow more smoothly and progress at a faster pace.

4.1 WHAT YOU WILL BE ABLE TO DO
o use GeeWiz to describe some basic TRITON/NEWT geometry shapes
e understand how units are created (including intersections of shapes)
e identify and change the location of the origin for shapes and units
e create simple arrays consisting of a single unit
e create arrays with multiple units
4.2 BASIC GEOMETRY SHAPES
TRITON/NEWT has a set of five basic shapes that a user can utilize to construct models. You have used

GeeWiz to enter data for cylinders and cuboids in the Quickstart section. These and the other basic
shapes are described in Table 4.1 and illustrated in Fig. 4.1.

Table 4.1. Basic shapes

Keyword Description

CUBOID Box or rectangular parallelepiped

CYLINDER Right circular cylinder

HEXPRISM Box with top and bottom faces that are hexagons
RHEXPRISM  Hexprism rotated 90 degrees about z-axis

WEDGE Right-triangular prism with five faces
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@l

Cuboid Cylinder Hexprism

Wedge Rhexprism

Fig. 4.1. 3-D representations of TRITON/NEWT 2-D geometry shapes.

The shapes in Fig. 4.1 are slightly deceiving—the true shapes in TRITON/NEWT are 2-D because
NEWT is a 2-D transport solution code. Typical LWRs use a rectangular-based grid of fuel pins known
as a lattice. This primer focuses on the geometric shapes input required to construct LWR lattices—
cuboids, cylinders, and arrays. The basic geometric shapes available in TRITON/NEWT are shown on
the right side of the Geometry input form (Fig. 4.2). Each shape has a set of quantitative information
needed to describe its size and location. Selection of a geometry option will bring up the associated shape
input form, where the appropriate information is entered. Figure 4.3 shows the input form for cuboids;
the other input forms require similar information. All geometry input forms have figures that show a z-
dimension because these same input forms are also used for 3-D SCALE transport modules. For
SCALE/TRITON-NEWT, the z-dimension boxes are absent. A description of the options for each basic
shape can be found in the SCALE manual [SCALE manual, Section F21.3.6]. Additional information
may be entered to translate (relocate the origin), rotate, or truncate the shape (using a chord). These
options are discussed later.
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Fig. 4.2. Geometry form.
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Fig. 4.3. Cuboid input form.

4.3 TRITON/NEWT BASIC GEOMETRY RULES

There are seven basic rules that guide the geometry input to TRITON/NEWT. These rules also apply to
SCALE/KENO-VI geometry.

1. Volumes are built in sections called units. Each unit is independent of all other units and has its
own coordinate system.

2. Units are built using regions. Regions are made using the TRITON/NEWT geometric shapes.
The unit boundary must fully enclose all defined regions in the unit. See example in Fig. 4.4.

3. Regions may share boundaries and may intersect. See examples in Fig. 4.4.

4. Regions may be rotated or translated. See example in Fig. 4.4.

5. A hole is used to place a unit within a region in a different unit. The hole must be completely
contained within the region and should not intersect other holes. As many holes as required
may be placed in a unit.

6. An array is an ordered stack of units. The touching faces of adjacent units in an array must be

the same size. Multiple arrays may be placed directly into a unit by placing them in separate
regions. Arrays can also be placed within a unit using holes.
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7. A global unit that encloses the entire system must be specified. All geometric data used in a
problem are correlated by the global unit coordinate system.

[ [ J
O O o o
Regions in a unit Shared boundaries  Intersecting regions Rotated region Array of units

Fig. 4.4. Examples of TRITON/NEWT basic geometry rules.

4.4 GEOMETRIC ARRANGEMENTS

Geometric arrangements in TRITON/NEWT are achieved in a manner similar to using building blocks.
Each building block is called a unit. Units are constructed of combinations of basic shapes. These shapes
can be placed anywhere within a unit as long as they do not intersect the outer boundary of the unit.

A unit can be thought of as a container that encloses a number of shapes. In its simplest form, a unit
encloses one or more basic shapes with the smallest shape completely enclosed by the next smallest and
so on. The most common use of units in lattice physics is to construct one or a number of different
individual fuel cells. Normal fuel cells consist of a central fuel cylinder, followed by gap and clad
cylinders, and surrounded by water that fills a cuboid.

4.5 THE BASIC UNITS FOR LWR LATTICE PHYSICS

To illustrate how to enter TRITON/NEWT geometry information for nested regions in a unit via GeeWiz,
the mini-assembly problem will be continued. To start, some simple unit cells will be defined in the same
way as was done in the Quickstart section.

4.5.1 Empty Water Cell

A commonly used unit in lattice physics is a simple square (Cuboid) unit filled with water. These units
are used to represent a vanished fuel rod (vacant pin position) in a lattice, a large water rod (BWR lattice),
or control rod guide tube (PWR lattice). The water cell in this example will span from -0.7 to 0.7 on both
the x and y-axes, as seen in Fig. 4.5.
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04;

02¢

Fig. 4.5. Water cell.

To construct the water cell, click the Geometry button along the left vertical toolbar. In the Comment
box, insert Water Box, and in the Select unit box, specify this unit as unit 10. Then click the Cuboid
button to create a cuboid for the water box. Enter 10 for Label and 0.7, -0.7, 0.7, -0.7 for +X, -X|
+Y, and -Y (Fig. 4.6). This specifies a box centered at (0,0) and with a side length of 1.4 cm. Note that
GeeWiz uses two shortcut keys to reduce the effort for the user. The “P” key (i.e., “P” = “plus/minus”)
alternates positive and negative repeating values in consecutive fields, while the “R” key (i.e., “R” =
“repeat”) repeats the value in the current field. For example, you can enter 0.7 for +X and then press the
“P” key three times to fill the —X, +Y, and -Y fields for this cuboid.
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Fig. 4.6. Cuboid geometry form.

Click Media to fill the cuboid with borated water, 5 h2o0, boron by using the Inside button. Once
finished, click OK.

Now use the Bound button in the right-hand toolbox to select the boundary. Select cuboid 10 from
the Select Geometry window and click the Inside button to specify that the entire unit is bounded by
cuboid 10. Also specify a 4x4 grid. Once finished, click OK. The final Media Form for unit 10 can
be found in Fig. 4.7. You now have a cuboid filled with borated water named unit 10 that can be placed
in an array or placed into the geometry using a hole. This unit will be used as a cell in the mini-assembly
array. The final Unit 10 geometry form can be found in Fig. 4.8.

77



_
Media for Unit 10 , [

Select Geometry

cuboid 10 0

o

Grid Input———————
Grid X: |4
Grid ¥ |4

B oundary Region Definition Yectar

0 44

E‘ ok | [g CANCEL |

Fig. 4.7. Media form for unit 10.
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Fig. 4.8. Final geometry for the water cuboid.
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4.5.2 4.00% Enriched Fuel Cell - LWR-Specific Content

The basic fuel pin unit cell is the primary building block for lattice physics analyses using
TRITON/NEWT. These fuel cells are placed together in an array to construct a lattice containing one or
many different types of fuel, water, or other cells. Before constructing the mini lattice array, you should
specify the two types of fuel cells that will be used. For the first fuel pin, using two cylinders and a
cuboid, specify a fuel cell centered at (0,0) with a pitch of 1.4 cm, a fuel radius of 0.5 cm, and a clad
radius of 0.6 cm, as seen in Fig. 4.9.

T

Fig. 4.9. Pin cell with a fuel radius of
0.5 cm, a clad radius of 0.6 cm,
and a pitch of 1.4 cm.

Following the same procedure as the Quickstart section will make this unit cell relatively simple to set up.
Click New to specify a new unit, enter 1 in the Select unit box, and provide a descriptive Comment,
such as fuel, 4.00% enr. Now add two Cylinders with radii of 0.5 and 0.6 c¢m, and a Cuboid
centered at (0, 0) thathas 0.7,-0.7,0.7, -0.7 for +X, -X, +Y, and =Y . You should then specify
Media for each cell. Specify the 4.00% enriched fuel (1 uo2) for the inner cylinder, Zircaloy-4 for the
larger cylinder (3 zirc4), and borated water (5 h20,boron) for the remaining cuboid. The media
statements should be:

media 1isinside cylinder 10;
media 3isoutside cylinder 10 andinside cylinder 20;

media 5isoutside cylinder 20 and inside cuboid 30.

Also specify cuboid 30 as the unit boundary with a 4x4 grid. The Geometry Form for this unit can
be found in Fig. 4.10.
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Fig. 4.10. Final Geometry Form for unit 1, 4.00% enriched fuel pin.

4.5.3 3.50% Enriched UO, + 6 wt% Gd,0; Fuel Cell - LWR-Specific Content

For the gadolinium-bearing pin, special treatment needs to be taken in the geometric model. Similar to
the Cell Data, this fuel pin should be constructed with a number of concentric rings to account for the
strong spatial depletion of fuel and poison. You should specify the same radii for this fuel cell as were
specified in the Cell Data statement for the multiregion cell. You should add all of the rings that were
specified in the Cell Data in order to maintain consistency between the Cell Data resonance self-
shielding calculation and the NEWT transport calculation. The outer fuel rings will deplete faster than
the inner rings; to obtain accurate fluxes and isotopic concentrations for each ring as a function of space
and time, you must specify each ring in the geometry. For this unit, you will specify five Cylinders for
the fuel pin, one Cylinder for the clad, and a Cuboid to bound the unit. The cuboid pitch and clad radius
are the same as in the 4.00% enriched fuel pin cell (0. 6 cm for the clad and 1.4 cm for the cell pitch).
Use the radii that were calculated in the Cell Data section for the other cylinders:

P = 02236, 7y = 0.3162, 13 = 03873, 7, = 04472, 75 =0.5000 .

A figure of this unit cell can be found in Fig. 4.11.
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|
Fig. 4.11. 3.50% enriched UO, + 6 wt% Gd,O; fuel cell.

Click New to begin entering information for this new unit. Provide a descriptive comment in the
Comment box (fuel, 3.5% enr + 6 wt% Gd) and enter 2 in the Select Unit box. Then add all
the cylinders (6) and the cuboid needed for this unit cell by using the geometry shape buttons Cyl and
Cuboid buttons along the right size of the Geometry Form. Again, it is a good idea to skip numbers
when labeling shapes so that it is easy to add more shapes later, if needed. After adding all the shapes for
this unit, the Geometry Form should look like Fig. 4.12.
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Fig. 4.12. Geometry Form for the 3.50% enriched UO, + 6 wt% Gd,O; fuel cell.

Now add the required media statements for this unit. In the composition section, you added five different
identical gadolinium-bearing fuel mixtures. In this section, you will use those mixtures. Click the Media
button and specify the media in the Media for Unit window, and then click OK to close that window for
each media statement—a total of seven times. Start with composition number 2 (3.5% enr + 6 wt%
Gd) and specify media statements for compositions 12, 22, 32, and 42 with increasing ring size. You
should also specify media statements for the clad (3 zirc4) and moderator (5 h20,boron). So the
media statements should be:

media 2 isinside cylinder 10;

media 12 is outside cylinder 10 and inside cylinder 20;

media 22 is outside cylinder 20 and inside cylinder 30;

media 32 is outside cylinder 30 and inside cylinder 40;

media 42 is outside cylinder 40 and inside cylinder 50;

media 3 (zirc4 clad) is outside cylinder 50 and inside cylinder 60;

media 5 (h20 + boron moderator) is outside cylinder 60 and inside cuboid 70.

Now specify the boundary of the unit using the Bound button. The boundary should be cuboid 70

with a 4x4 grid. The final geometry form for unit 2, the multi-ringed gadolinium-bearing fuel pin, can be
found in Fig. 4.13.
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Fig. 4.13. Final Geometry Form for the 3.50% enriched UO, + 6 wt% Gd,0O; fuel cell.

You should now have three different units in the mini-assembly model: a water-filled cell (unit 10), a
4.00% enriched fuel pin (unit 1), and a five-ring 3.5% enr + 6 wt% Gd,Os fuel pin (unit 2). Later you will
use an array to place these units in a 2x2 mini-assembly. Before you learn how to use arrays, you should
set up the global unit into which the array will be placed.

4.5.4 Global Water Cell

This unit will serve as the global unit to the mini-assembly model. It will be a simple cuboid that is
exactly the size of four unit cells arranged in a 2x2 array. It is good practice to fill this unit with the
material that fills the array (borated water). Filling this unit with borated water ensures that the
“background” material behind the array is water, so that if the global unit is not entirely covered by arrays
or holes, the leftover space is water and not some other material. You may define the center of this
cuboid anywhere you like. Some users prefer to place the center of the model at (0,0), but others may
choose to place the lower left corner of the model at (0,0). This example uses a cuboid centered at (0,0).
Create another unit with a descriptive comment, such as mini-assembly global unit. It canbe
helpful to give the global unit an easy-to-remember unit number, such as 100. Now add a cuboid that is
2 pitches long by 2 pitches wide (2.8 cm x 2.8 cm). With the center of the cuboid at (0,0), the cuboid
should span from -1.4 to 1.4 on both the x and y-axes. Give the cuboid a label of 10. Much like the
empty water cell, specify borated water as the only media in this unit. You will also need to specify that
cuboid 10 is the boundary of the unit using the Bounds button. In this case, specify a 2x2 grid for the
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global cuboid—there is a reason for this that will discussed later. Check the Global Unit checkbox and
the Boundary Conditions button will appear to the right. Click this button and specify Mirror boundary
conditions for all surfaces and click OK, as seen in Fig. 4.14.

Bounds Data [ﬁ
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Mote: if periodic iz selected the opposite face
will alza be set to periodic. |f periodic is = ,h‘
remaved, the opposite face will be set ta

WACLILIM.

7 Hep | [§ ok | ' canceL

Fig. 4.14. Bounds data form.

Hint: You may have noticed that GeeWiz will often try to renumber units for you. It is suggested that you
specify your own unit numbers. It can be helpful to use the unit numbers in a logical fashion for larger,
complex lattices. If GeeWiz changes the unit number that you input, change it back. It will probably
work best if you wait until the last thing to restore your unit numbers, i.e., input all the data for the unit,
and change the unit number before clicking OK on the final Geometry Form.

The final Geometry Form for this unit should now look like Fig. 4.15. If so, you are ready to move on to
adding the array to this model.
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Fig. 4.15. Final Geometry Form for global unit.
4.6 ARRAYS

Arrays are constructed by stacking units. Each unit in an array has its own coordinate system; however,
all coordinate systems in all units must have the same orientation. All geometric data used in a problem
are correlated to the absolute coordinate system by specifying a global unit.

Arrays are created by stacking units that have a cuboidal or hexagonal outer boundary. The dimensions

of adjacent faces of adjacent units stacked in this manner must match exactly. See Fig. 4.16 for a typical
example.
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Fig. 4.16. Example of array construction.

The ARRAY option is provided to allow placing an array within a unit. Only one array can be placed
directly in a unit. However, multiple arrays can be placed within a unit by using HOLEs as described in
Sect. 5. Arrays of dissimilar arrays can be created by nesting units that contain arrays inside a larger
array (i.e., “array of arrays”).

TRITON/NEWT offers four different 2-D array types as shown in Fig. 4.17:

e cuboidal/square (or rectangular)
e hexagonal (or triangular)

e standard hexagonal

e rotated hexagonal

This primer focuses on simple cuboidal arrays—square arrays containing a single unit type or arrays with
multiple units of the same size.
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Fig. 4.17. KENO-VI array types.

4.6.1 2x2 Array with a Single Unit (4.00% Enriched Fuel) - LWR-Specific Content

This problem consists of a 2x2 array of the same type of 4.00% enriched fuel (unit 1 that was created
earlier). A schematic of the array can be found in Fig. 4.18.
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Fig. 4.18. A 2x2 array.

Although this GeeWiz input has three separate units, there is no requirement to use every unit in the array.
You can use as many or as few of the units specified in the input file as desired to construct the array.
Units are only added to the global geometry through the use of arrays or holes, so you can have some
units that are not used in the global geometry. Other regions can be added to the global unit by defining
shapes and media for those regions, but it is recommended that you minimize the complexity of the global
unit to make diagnosing geometry errors easier. To build the 2x2 array for this problem, click the Arrays
button along the left vertical toolbar. The standard Array Form window will appear, as seen in Fig. 4.19.
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Fig. 4.19. Array form.

In the Array Form, you will notice two different toolbars. One toolbar is horizontal along the top of the
form, and the other is vertical along the right side of the form. First click the Create button on the top
horizontal toolbar. The Array Properties window will appear, as seen in Fig. 4.19. Now specify an array
Number that will be used as a label: 1 is a good choice. Arrays are numbered independently of units, so
the array number can be the same as a unit number. There should be 2 units in the x direction (NUX=2)
and 2 units in the y direction (NUY=2). Also, select unit 1 from the dropdown to initialize the entire
array with unit 1. The Array Properties window should now look like Fig. 4.20. If so, click OK.
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Fig. 4.20. Array properties window.

After clicking OK, the Array Form will change: a 2x2 array of boxes represents the array. Along the
left side of the Array Form, you will see that three units are available under the Units box: 10, 1, and 2.
These units are available to be placed in the array. The new Array Form can be seen in Fig. 4.21.
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Fig. 4.21. Array form showing a 2x2 array.
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Now give the array a Comment such as “global fuel array”. Click Close to return to the
Geometry Form. In the right toolbox of the Geometry Form, you will notice a new option, Array. On
the main Geometry Form, select 100 (global unit) from the Select Unit dropdown and then
click the Array button. The Array dialog window will appear, as seen in Fig. 4.22.

[ Array ﬁ1

Select Existing Aray  |[Select Aray] -

cuboid 10 1.4 1.4 1.4 1.4 [C& Inside |

|ﬁRemmremeMed.ia|

Reqgion Definition Vector for Aray 0 in Urit 11

IIndefined

his hy
PLACE o 0 0

- rw, and ny specify location of a unit in the aray
- ¥, and " zpecify the angin of the unit uzed o pozition the array.

g ok  canceL

Fig. 4.22. Array dialog used to place array into units.

When placing arrays, remember that arrays are defined in TRITON/NEWT with the (1,1) element as the
bottom left (southwest) index of the array (refer to Fig. 4.17).

Select array 1 from the Select Existing Array dropdown, and specify that array 1 lies inside
cuboid 10. Now specify x and y coordinates in the global unit where the center of array index (7x,ny)
will be placed. In the PLACE line, input array indices (nx,ny) =(1,1) at (x,y) =(-0.7,-0.7).
This places the center of array element (1,1) at (-0.7,-0.7) in the unit 100 coordinate system. A figure of
the Array dialog can be found in Fig. 4.23. Click OK when finished entering information into the Array
dialog.
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You now have model of a 2x2 array of 4.00% enriched fuel pins. The global unit for this model has
reflecting boundaries, so it will simulate an infinite array of fuel pins.
problem, add Materials so that the cross sections are loaded into NEWT. From the main GeeWiz
window, click the Materials button on the left vertical toolbar. Add each mixture that is present in the
compositions section of the model. Insert descriptive comments for each material. You should enter the

Fig. 4.23. Array dialog with element (1,1) placed at (-0.7,-0.7).

following mixtures:

Mixture
1

2

12

22

32

42

3

4
5
6

It is recommended that you use second-order scattering in water due to the higher level of anisotropic
scattering in lighter elements such as hydrogen. The final Materials Mixtures window should look like

Fig. 4.24.

Pn Order
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mix=12 pn=1 com="fuel, 3.5% enr + & wt% Gd203
mix=22 pn=1 com="fuel, 3.5% enr + & w3 Gd203'
mix=32 pn=1 com="fuel, 3.5% enr + & wt% Gd203'
mix=42 pn=1 com="fuel, 3.5% enr + & wt% Gd203'

Add Mixture Edit Mixture | Delete Mixture |

oK | Cancel |

L -

Fig. 4.24. Material mixtures window for the mini-assembly problem.

The geometry setup is complete. A few options and parameters need to be specified before submitting the
job. Make sure that in the General settings that Parm=check is selected to check and plot the geometry.
You can allow messages to be printed in the DOS window during execution by selecting —m option under
Batch6 Arguments in the General window, as seen in Fig. 4.25.
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Fig. 4.25. General parameters for the mini-assembly problem.

Click on the Parameters button on the left toolbar to make sure that the DRAWIT option is checked,
along with the ECHO option, as seen in Fig. 4.26. The DRAWIT option enables TRITON/NEWT to
generate PostScript plots (*.ps files) of the geometry. The ECHO option will display NEWT outer
iterations to the command prompt. Once complete, you will want to save the input file using the Save
button. Name this problem minil. inp.
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Parameter Data

Key Parameters | Numeric Parameters | Logic Parameters |

DRAWIT =¥ -Create PostScript geometry/material plots

ECHO =[¥ - Echo outer iteration edits to standard emor

Quadrature
[¥ Level Symmetric

EPSEIGEN = 0.0001 B sN=[6 v| - Level symmetric quadrature order
EPSINNER = 0.0001 - Spatial convergence citerion forinner iters ™" Product

EPSOUTER = 0.0001 - Spatial convergence citerion for outer iters =

SOLNTYPE ket =] - Eigenvalue/B1 crical spectnum/Fixed source D

TIMED =I" - Print iteration timing and cpu usage data

*Wamning! Reset Defaults cannot be
cancelled or undone

[(Reset o] [? Help | [ oK

| [E[ CANCEL |

Fig. 4.26. Parameter data for the mini-assembly problem.

Now click Run. The command prompt will open and you will see SCALE call TRITON with some basic
job information as seen in Fig. 4.27.

a 3
¥ Administrator: C:\Windows\system32icmd.exe == &

* scaleb called in batch mode.
I I I I T I T N I T T N I T T T T E T

SCALE 6 Job Information

Job started on ADEBRIANJE174 on Hed 11/24-2010 14:29:36.62
SCALE version i scaleé on drive c:

Norkin? directory: Z:\scale&\tmp_24513

Input file name minil.inp

Qutput file name minil.out

Qutput directory Z2:\Documents\SCALEPrimers\Samples2

R R R R R R KRR RN RN RN ERRRERR
Now executing triton

scale6 job minil.inp is finished.

Output is stored in minil.out.

Z:“\Documents~SCALEPrimers~Samples2>

Fig. 4.27. DOS window for the mini-assembly problem with parm=check.

Now use Windows Explorer to go to the directory where you saved the input file. You should have
minil.out, minil.newtmatl.ps, and minil.newtgrid.ps in addition to the input file,
minil.inp. Open minil.newtmatl.ps with Ghostview, Adobe Acrobat, or other PostScript
conversion software. Upon opening the PostScript file, you should see the 2x2 mini lattice, as seen in
Fig. 4.28.
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I 1 fuel, 4 00 % enriched

2 fuel, 3.5% enr + B w1% ga2nd
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[
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File: mini1 newtmatl ps -83,397pt Page:"" 1of 0

Fig. 4.28. TRITON/NEWT plot of the mini-assembly geometry.

Open the output file using GeeWiz’s Output button, and scroll to the bottom of the output file. There
should be a message that the problem was not run because parm=check was used in the analytical

sequence (Fig. 4.29).
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=
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Fig. 4.29. Output file for the Parm=Check run of the mini-assembly problem.

If the output file has something else at the bottom, there might be an error in the input file. If the output
file is consistent with Fig. 4.29, close the text editor output file window and close the command prompt
window. Now go back to the General settings and uncheck the Parm=Check checkbox. Then click
Run. The DOS command prompt window will open again, but this time you will see other SCALE
modules running following the initial TRITON module. You will then see the outer iterations from
NEWT printed to the screen.

The problem should finish and display the TRITON/NEWT estimation of the infinite multiplication
factor. This information is also stored in the output file. To find this information in the output file, close
the DOS command prompt window and click Qutput on the top horizontal toolbar in GeeWiz to open the
output file. In the output file, you should search for two pieces of information: the total CPU time used
and the final infinite multiplication factor. To do this, first search for total cpu. The line with
total cpu shouldsay module t-newt is finished, as seen in Fig. 4.30.
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Z\Documents\SCALEPrimers\Samples2\minil.out EI@
secondary module pmc will be called at 14:41:33.375 on 11/24/2810. -
module pmc is finished. completion code 8. cpu time used 5.47 seconds.
secondary module centrm  will be called at 14:41:39.846 on 11/24/28180.
module centrm is finished. completion code 8. cpu time used 26.28 seconds.
secondary module pmc will be called at 14:42:085.328 on 11/24/2818.
module pmc is finished. completion code 8. cpu time used 7.67 seconds.
secondary module worker will be called at 14:42:13.156 on 11/24/2818.
module worker is finished. completion code 8. cpu time used 3.53 seconds.
secondary module newt will be called at 14:42:17.578 on 11/24/2819.
module newt is finished. completion code 8. cpu time used 8.77 seconds.
module t-newt is finished. completion code a. time used 82.83 seconds.

1
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4 13

Fig. 4.30. Total CPU portion of the output file for the mini-assembly problem.

In this mini-assembly example, the total CPU time used was 82.83 seconds and the NEWT module
runtime was 8.77 seconds. The runtime on your computer will vary due to the difference in computer
systems. In this problem, most of the time was occupied by cross-section processing instead of the
transport solution. Note that the larger the model, the longer will be the time required for the transport
solution. Now search for k-eff = (there is a space between “k-eff” and “="). The calculated k.
value is 1.22914946 (Fig. 4.31). In this case, k. is actually ks because the lattice has reflective boundary
conditions to simulate an infinite array of pins.

98



ZN\Documents\ SCALEPrimers\Samples2\minil.out EI@

Outer Eigen- Eigenvalue Max Flux HMax Flux Max Fuel HMax Fuel Inners
It. # value Delta Delta Location{r,g) Delta Location{r,g) Cnurged
1 1.0808 O.0008E+B0 1.867E+02 ( 122, 44) 1.867E+82 { 122, 44) F
2 B.6481 5.438E-61 1.045E+88 ( 68, 42) 1.845E+808 68, 42) F
3 8.7723 1.688E-61 4.857E-61 ( 13, 1) 2.934E-01 71, 18) F
4 B8.985% 2. 164E-61 3.531E-61 ( 6, 1) 1.429E-01 | 71, 28) F
5 1.1768 1.625E-61 1.497E-61 ( 18, 2) 7.618E-82 ( 122, 4) F
6 1.2831 8.287E-82 5.713E-82 ( 135, 4) 5.655E-82 ( 185, 4) F
7 1.3882 1.918E-82 5.586E-82 ( 13, 1) 3.221E-82 ( 114, 18) F
8 1.2886 1.518E-82 5_497E-82 ( 13, 1) 2.092E-82 { 71, 16) F
9 1.2584 2.484E-82 3.627E-82 ( 6, 1) 1.248E-82 | i1, 27) F
18 1.2354 1.864E-82 1.615E-82 ( 18, 1) 7.78BE-83 | 1, &) F
11 1.2238 9.415E-83 5.926E-83 ( 135, 4) 5.872E-83 ( 185, 4) F
12 1.2212 2. 174E-83 4.3B6E-83 ( 13, 1) 3.314E-83 ( 114, 18) F
13 1.2231 1.529E-83 5.331E-83 ( 13, 1) 2.168E-83 ( 71, 16) F
14 1.2268 2.426E-83 3.683E-83 ( 6, 1) 1.274E-83 | i1, 27) F
15 1.2283 1.873E-83 1.633E-83 ( 18, 1) 7.881E-04 ( M1, W) F
16 1.2295 9.448E-64 5.993E-64 ( 135, 4) 5.937E-84 ( 185, 4) F
17 1.2298  2.25BE-84 4.521E-84 ( 13, 1) 3.362E-84 { 114, 18) F
18 1.2296 1.869E-84 4_332E-84 ( 13, 1) 2.293E-84 | 42, 16) F
19 1.229%5 1.276E-84 1.629E-84 ( 71, 18) 1.629E-84 71, 18) F
28 1.2293 1.349E-64 1.851E-84 ( 71, 38) 1.851E-84 | 71, 38) F
21 1.2292 9.743E-65 6.099E-65 ( 21, 48) 6.873E-85 ( 114, 48) T
22 1.22M1 3.435E-85 3.424E-85 ( 68, 39) 3.424E-05 ( 68, 39) T

1.22014946

Four-Factor Estimate of k-infinity. Fast/Thermal boundary: 8.6258 el

Fiss. neutrons/thermal abs. (eta): 1.869185
Thermal utilization {(Ff): 8.900872
Resonance Escape probability {(p): 8.498624
Fast-fission factor (epsilon): 1_488802
Infinite neutron multiplication 1.228970

Alternate 3-Group Formulation Terms.
Fast/Res. boundary: 8.8218 MeV. Res./Therm. boundary: 8.625 8el

Cire noauntwanc fthowemal ahe fob-ade 4 osn4oC

Fig. 4.31. k. portion of the output file for the mini-assembly problem.

4.6.2 2x2 Array with Single Units (4.00% Enriched Fuel) + CMFD Acceleration

This problem is identical to the previous mini-assembly problem except that you will use Coarse-Mesh
Finite-Difference (CMFD) acceleration to accelerate the NEWT transport solution of the problem. The
CFMD solver uses a low-fidelity solution (homogenized cells) to accelerate convergence of the high-
fidelity solution. With minil. inp already open in GeeWiz, go to File>Save As and save the problem
as minil cmfd.inp. Now click the Parameters button and the Parameter Data window will
appear. Select the Logic Parameters tab in the Parameter Data window and check the CMFD
checkbox (Fig. 4.32).
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Parameter Data - ad . Aad - - £ - '
Key P; ] Numeric P Legic P I

ACCEL =
ADJOINT =

CMFD =
COMBINE =

<]

- Source acceleration

- Perform adjoirt calculation

< 7

- Coarse-mesh finte-difference accelerator

<

- Allow automatic combining of small cells into langer neighbars

| CONVERGE ,h - Spatial convergence is applied to each cell/each mixture
COLLAPSE ¥ - Perform flux-weighted cross-section collapse
FORWARD = ¥ - Perform forward calculation (use forward= or adjoint=}
' PREMIX= [ -lgnore mixing table - cross sections are premixed
PRTBALNCE | - Print balance tables
I FRTBROAD m - Print broad-group (collapsed) cross-sections. 1d will not print scattering cross
PRTFLUX [ - Print fine-group flux edit PostScript file. F collapse is performed, print broad-group flux edit file
I PRTHMMIX ¥ - Print homogenized cross sections is homogenization is peformed
PRTMXSEC |no | - Print mixed (macroscopic) cross-sections. 1d will not print scattering cross sections
PRTMXTAB [ - Printinput midng table
‘ PRTXSEC |no +| - Print microscopic cross-sections read from library. 1d will not print scattering

RESTART [ - ffile restart_newt exdsts, restart=yes will read file and load fiuxes prior to beginning terations

l RUN= |¥ -Perform iterstions afterinitial checking and setup

SAVREST ™ - Write fluxes to file restart_newt after calculation ends

concelled arundone [reset [1] (7 wep | (@ ok | [§ oancel]

Fig. 4.32. Parameter data for the mini-assembly problem with CMFD enabled.

Click on the Numeric Parameters tab of the Parameter Data window and make sure that XCMFD and
YCMFD are set to 1 (this is the default). Setting XCMFD and YCMFD to 1 constructs a CMFD grid
that is one global unit grid cell in both the x and y directions. Likewise, setting XCMFD and YCMFD to
2 constructs a CMFD grid that contains two global unit grid cells in both the x and y directions. You
should have set the global unit grid to 2x2, so with XCMFD and YCMFD set to 1, the contents of each
fuel pin cell will be homogenized into one block for the CMFD solution. Note that using CMFD does not
result in a less-accurate solution. It is used only to accelerate the results of the high-fidelity solution; the
converged solutions with and without CMFD should be virtually the same (within the convergence
criterion). If you have completed all the steps to turn CMFD on, you can click Run again.

A DOS command prompt window will open again, and you will see TRITON/NEWT running. Upon
completion of the run, go to GeeWiz and open the output file. Again, search for the total CPU time, the
NEWT module runtime, and the infinite multiplication factor. The computer on which this sample
problem was run used 69.61 seconds of total CPU time, 4.75 seconds for the NEWT module, and
calculated an infinite multiplication factor of 1.22897121. The NEWT transport solution completed in
approximately half the CPU time as the unaccelerated solution and gave identical results. For larger
geometries that take many minutes or hours to run, it is advantageous to use CMFD to accelerate the
solution.

4.6.3  Arrays with Multiple Units (2x2 array of 4.00% Enriched Fuel, 3.50% Enriched + 6 wt%
Gd,0; Fuel, and an Empty Lattice Location) — LWR-Specific Content

Now that you have learned how to construct a simple array in GeeWiz for TRITON/NEWT, it is time
build more complicated arrays. With minil cmfd.inp open, go to File>Save As and save this
problem as mini2.inp. You will not build any new units here—you have previously built the units
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you will need for this mini-assembly problem. You will now use units 1, 2, and 10 to generate a 2x2
lattice with a water rod in the southwestern corner, UO, gadolinium-bearing pins in the northwestern and
southeastern corners, and a 4.00% enriched UO, fuel pin in the northeastern corner (Fig. 4.33).

Fig. 4.33. Drawing of the mini-assembly problem
with gadolinium-bearing pins and an
empty lattice position.

To construct this array, click on the Arrays button on the left toolbar. The Array Form will appear and
contain four blue squares (same as the last problem). Using your mouse, select the Finger button from
the right vertical toolbar. Next click unit 10 next to the yellow box under the Units box along the left
side of the Array Form. You should then click in the southwestern (lower left) box of the four blue
boxes. Upon doing so the box will turn yellow (Fig. 4.34).
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Fig. 4.34. Array form for 2x2 array with multiple units (step 1).

Then click on unit 2 under the Units box of the Array Form, and click the southeastern and

northwestern corners of the four boxes to specify that these array positions will be unit 2 (gadolinium-
bearing pins), as seen in Fig. 4.35.
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Fig. 4.35. Array form for 2x2 array with multiple units (step 2).

If the Array Form looks like Fig. 4.35, click Close on the Array Form. Return to the General settings
and check the Parm=Check checkbox, and then save your work. Now click Run, and TRITON/NEWT
will being running. After completion, navigate to the directory where the input file is saved and you
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should have PostScript files that you can open to see the geometry. Opening mini2.newtmatl.ps
should show you Fig. 4.36.

|| File Edit Options View Orientation Media Help

== A& IR E S

l 11021, 4.00 % enviched

2108, 3.5% e + 6 Wi% gdznd
| EEETE

Ll asincre, ssaal

O smoa,hzn + boron

B sansoner,

B 12 ma. 355 e + 6 whs gi2ea
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Fig. 4.36. TRITON/NEWT plot of the mini-assembly problem with gadolinium-
bearing pins and an empty lattice position.

Check the output file to make sure that everything ran okay; if there are no errors, return to GeeWiz,
uncheck the Parm=Check checkbox and rerun the problem. This problem will take longer to run
because there are more regions in the five-ring gadolinium-bearing fuel pins. You will also find that the
gadolinium in the fuel makes a large difference; the infinite multiplication factor will be very low. For
this test problem, k;,ris 0.3943489. The NEWT transport solution for this case ran in 7.51 seconds, nearly
twice as long as the previous problem.
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47 SUMMARY
This section has helped you to accomplish these objectives:
o use GeeWiz to create some basic shapes (cylinder and cuboid)
e understand how units are created
e create a simple array consisting of a single unit
e use CMFD to accelerate the NEWT transport solution
e create an array with multiple units

Now that you have spent time with the material for simple geometry and the array input, more advanced
geometries features will be introduced.

104



5. ADVANCED GEOMETRY FOR LATTICE PHYSICS

In the previous section, you set up and ran some simple geometry problems, including simple array
problems. This section provides more advanced geometry options using TRITON/NEWT geometry
modification data.

5.1 WHAT YOU WILL BE ABLE TO DO

e use GeeWiz and TRITON/NEWT to describe more advanced geometry models using
geometry modification data and holes

e use CHORD keyword to truncate a body with a plane perpendicular to a major axis
e use ORIGIN keyword to translate the location of a body

e use ROTATE keyword to rotate a body to any angle

e use HOLE record to place one unit inside another unit

e use the geometry modification data to model common features of PWR and BWR lattices

5.2 USING THE CHORD KEYWORD TO TRUNCATE A BODY

The CHORD keyword truncates a geometric volume with a plane perpendicular to a major axis. The
location of the cutting plane is specified by the subordinate keywords +X=, -X=, +Y=, and -Y=. The
CHORD keyword applies to the geometry or hole record that immediately precedes it. Chords may not
be applied to cuboids; users must simply specify a cuboid of the correct dimensions rather than using a
chord to truncate a cuboid.

Each subordinate keyword specifies a cutting plane perpendicular to the axis in its name (e.g., “+X=" or
“~X="results in a cutting plane perpendicular to the x-axis). The cutting plane intersects the specified
axis at the value that follows the “=" sign (e.g., “+X=5" or “-X=5" specifies a cutting plane perpendicular
to the x-axis that crosses the axis at x = 5). The positive or negative sign before the axis name indicates on
which side of the cutting plane the geometric volume is to be kept. For example, in Fig. 5.1, “-X=0"
specifies a cutting plane perpendicular to the x-axis at x = 0 and keeps the volume on the negative side of
the plane (i.e., x <0). Conversely, “+X=0" specifies a cutting plane perpendicular to the x-axis at x =0
and keeps the volume on the positive side of the plane (i.e., x > 0).

It is possible to apply multiple chords to a body by specifying more than one subordinate keyword to a
body. Figure 5.2 shows an example where two chords are applied to a cylinder to obtain a quarter
cylinder. The two subordinate keywords “+X=0" and “+Y=0" keep the quarter cylinder where x > 0 and
y=0.
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Fig. 5.1. Example of a -X=0.0 chord.
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Fig. 5.2. Example of a +X=0.0 and +Y=0.0 chord.
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5.3 USING THE ORIGIN KEYWORD TO TRANSLATE A BODY

The ORIGIN keyword allows the user to translate the origin of a TRITON/NEWT body to another
position within a unit. ORIGIN translates the origin of a shape to a new position by moving the x and y
coordinates of the body’s origin to the position specified in the subordinate keywords X=, and Y=. The
ORIGIN keyword applies to the geometry or hole record that immediately precedes it.

A simple example is illustrated in Fig. 5.3, where the origin of a 0.5 cm radius cylinder has been
translated 0.25 cm in x and y, and truncated with chords to keep the northeast quarter of the circle. This
example shows how chords and origins can be used in conjunction. Note that the chords must be moved
separately—the chords will not translate with the ORIGIN keyword, only the shape will translate. In this
example, the chords are specified at +X=0.25 and +Y=0.25, instead of +X=0.0 and +Y=0.0.
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-
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culals | s

05

CFUNCER LBL A 21 2h

Lebel ’ID—IE.:— ,|2:— Q -0.5 05

e E T —

K Caneel

Fig. 5.3. Example using the ORIGIN and CHORD modifiers.

A more complex example is illustrated in Fig. 5.4, with three intersecting cylinders each with a radius of
9 cm. Cylinder 1 is translated 4.5 cm in the positive y direction; cylinder 2 is translated 4.5 cm in the
negative x and y directions; and cylinder 3 is translated 4.5 cm in the positive x and negative y directions.
The numbers on the top of each colored region are the region definition vectors (positive means inside,
negative means outside).
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Fig. 5.4. Three intersecting cylinders example.

It is relatively easy to set up this example in GeeWiz, but it is of little value to lattice physics. It is,
however, a good thought exercise for understanding how to construct complicated geometries that contain
a combination of overlapping surfaces in TRITON/NEWT.

5.4 USING THE ROTATE KEYWORD TO ROTATE A BODY

The ROTATE keyword allows users to rotate the orientation of a TRITON/NEWT shape to any angle. It
rotates a volume about the origin using the Euler angle-x convention. Like CHORD and ORIGIN, it
applies to the geometry or hole record that immediately precedes it. Note that for any geometry record
that contains both ORIGIN and ROTATE input, the rotation is performed in TRITON/NEWT first, prior
to translating the origin of the body. The ROTATE keyword has only one subordinate keyword: Al=,
which rotates a shape about the z-axis (out of the page).

Figure 5.5 shows the GeeWiz input and corresponding model for a 2 cm x 2 c¢cm cuboid with origin
located at (0,0) that is rotated 30 degrees counterclockwise around the z-axis.
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Fig. 5.5. Rotated cuboid centered at (0,0) example.

Remember that shapes are always rotated around the center of the shape. If a 2 cm cuboid’s center is
located at (1,1), the rotation will occur around (1,1) instead of (0,0). Figure 5.6 shows a cuboid that is
2 cm x 2 cm with the southwestern corner located at (0,0) and is rotated 30 degree counterclockwise
about the z-axis.
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Fig. 5.6. Rotated cuboid centered at (1,1) example.
5.5 HOLES

There are three types of contents records for defining the contents of the geometry regions: media, arrays,
and holes.
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As you saw in Chapter 4, a media record is used to place a mixture inside a specified volume, and an
array record is used to place an array inside a specified volume. For many problems, the use of media and
arrays is adequate to create an accurate model.

In some situations, placement of one unit inside another unit may be necessary or helpful. For those
situations, a hole is needed. A hole is used to position a unit within a surrounding parent unit relative to
the origin of the surrounding parent unit. The keyword HOLE is followed by the unit number being
placed inside the parent unit. The unit being placed with the hole can be rotated and translated using the
previously discussed ROTATE and ORIGIN modifiers.

There are three basic rules for holes.
1. A hole contains a single unit.

2. Holes may share surfaces with but may not intersect other holes or the boundary of the
surrounding unit that contains the hole.

3. Holes may be nested (i.e., a unit containing a hole may be placed as a hole inside another
unit).

To illustrate the use of holes, use the model from mini2.inp, the mini-assembly model with gadolinium-
bearing fuel, normal UO, fuel, and an empty lattice position. Place a hole in the global unit that is unit 10
at (0,0). This places a square hole of borated water at (0,0) and will cover % of each of the other units
(Fig. 5.7). It might seem as if this violates the last part of rule 2, but the hole will not intersect the
boundary of the global unit in which it is inserted. It will only intersect the internal array structure.

la |
Hole l&]
HOLE Uit Mumber — |gl1 -
Al
Ratate |0 Q

*® Y

I Origin {0 o

|

ok Cancel
(.

Fig. 5.7. Mini-assembly with a unit 10 hole placed at the origin of the global unit.

5.6 EXAMPLE PROBLEMS FOR A BWR LATTICE

Utilizing a series of slightly larger and more complicated sample lattice problems, the more advanced
geometry features will be presented to build a more detailed lattice model. Each of the new features
introduced previously in this section can play an important role in detailed lattice model development.
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The basis of all the sample problems in this section is a simple 9x9 BWR lattice. This lattice uses the
same unit cells that were used in the mini-assembly problem.

5.6.1 Basic 9x9 Assembly

For this sample problem, use the previously built mini2 . inp input file as a starter. Open mini2.inp in
GeeWiz and resave the file to assemblyl.inp. You will be building a 9x9 lattice, but for this
problem you will leave some extra space around the boundary of the lattice. You will use this space later
to insert yet more complicated geometry features.

Click the Arrays button on the left toolbar. There is only one array in the model at this point so the
correct array will already be selected in the Array Form. Now click Modify from the top horizontal
toolbar of the Array Form. Clicking Modify opens the Array Properties window. In this window,
specify the array as NUX=9 and NUY=9 and initialize the new array locations to unit 1 and then click
OK (Fig. 5.8).

Array Properties Iﬁ

Murnber =

li
WL = 3 # of unitz in ¥ direction
9

MY = # of unitz in Y direction

Select unit to initialize new aray locations

-

B ook | 8} canceL

Fig. 5.8. Array properties window for the 9x9 assembly.

The Array Form will now show a 9x9 array. You might need to use the Zoom buttons along the top
horizontal toolbar of the Array Form to zoom out to see the entire fuel array. You will notice that
GeeWiz does not change the previously specified units from the 2x2 array (Fig. 5.9).
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Fig. 5.9. Array form for the 9x9 array.

Modify the array such that the entire array is unit 1 (all blue). You can use the Finger button or the Fill
All button on the right toolbar to do this. Once the entire array is blue, click Close along the top
horizontal toolbar of the Array Form.

Now change the global unit of the model to accommodate the larger array. Click Geometry from the left
vertical toolbar and select 100 (global unit) from the Select unit dropdown. Although the array is
9x9 with 1.4 cm unit cells, specify the global unit cuboid size corresponding to an 11x11 array (15.4
cmx 15.4 cm) centered at (0,0), i.e., -X and -Y = -7.7 and +X and +Y = 7.7. You should also change
the placement of the array so that the center of the central unit of the array, (nx,ny)=(5,5), is placed at
(0,0). Also change the grid structure of the global unit boundary; the grid structure should be changed
from 4x4 to 11x11. The resulting Geometry Form for unit 100 (global unit) should look like Fig. 5.10.
Also note that borated water has been used for the moderator in this model. Typically, BWR moderator
does not contain boron, but the borated water was used for this example in favor of adding another
material that is water without boron. This example is meant to show how to model common geometry
features in BWR lattices rather than the mixtures that are contain in the lattices.
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Fig. 5.10. Geometry form for the 9x9 lattice model.

Now go to the General parameters, and check the Parm=check checkbox in order to have
TRITON/NEWT check and plot the geometry. You can now click Run. Verify that the model check was
successful and open the assemblyl.newtmatl.ps plot file. You should see a 9x9 array of fuel pins
with space for water around the outside of the lattice (Fig. 5.11).

If everything looks okay, uncheck Parm=Check and rerun the problem. This problem will take longer to
complete than the mini-assembly models because it is a full assembly rather than a 2x2 lattice. Once the
problem is completed, open the output file and find the total runtime and the NEWT transport solution
runtime, along with the overall &+ This sample problem ran in 157.52 seconds with a NEWT transport
solution converging in 71.69 seconds. The eigenvalue calculated by TRITON/NEWT is 1.19561741.
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Fig. 5.11. TRITON/NEWT plot of the 9x9 lattice model.

5.6.2 Basic 9x9 Assembly—"4 Lattice

Fuel assemblies are often symmetric, especially in PWRs. It is possible to use symmetry to decrease the
size of some lattices while maintaining accuracy. Many PWR lattices have 1/8 assembly symmetry.
Using 1/8 symmetry would require use of a triangular outer boundary, which is difficult to build in
TRITON/NEWT, so this primer focuses on 1/4 symmetry. If the model has 1/4 symmetry, the overall
size of the model can be decreased by 75%, which decreases the number of cells and the NEWT transport
solution runtime by approximately 75%.
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Use File>Save As to save assemblyl.inp with the filename assemblyl quarter.inp. For this
problem, the northeastern % of the assembly will be modeled, as seen in Fig. 5.12.

Fig. 5.12. Portion of the 9x9 lattice that will be
modeled with the % lattice model.

To construct this model, you need three new units: the +Y=0 side (north half) of a unit cell, the +X=0 side
(east half) of a unit cell, and the +Y=0 and +X=0 sector of a unit cell (northeastern quadrant). These cells
will form the southern boundary, western boundary, and southwestern corner of the model, respectively.

To add these units, click Geometry to open the Geometry Form. It is easiest to copy the base fuel unit
to new unit numbers and then modify the units, rather than building three new units. Select unit 1
from the Select Unit dropdown and then click Copy Unit along the horizontal toolbar. Insert a
descriptive comment such as “north half unit 1”. You can use whatever unit number you like;
this example uses 101. You will need to add a Chord to cylinder 10 and cylinder 20 to keep the north
half (+Y=0 chord) as shown in Fig. 5.13.

Truncating a cuboid with a chord is not allowed in TRITON/NEWT so you need to modify the size of the
cuboid to keep only the northern half. You will need to move the —Y plane from -0.7to 0.0 cm. You
should also change the boundary grid structure. This unit cell is now halved in the y-direction, so you
should divide the number of Y grids by 2. The final Geometry Form for the north half unit should look
like Fig. 5.14.
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Fig. 5.13. Half fuel pin using +Y=0 chord.
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Fig. 5.14. Geometry form for north half pin cell.

Using the same procedure, add two more new units for the east half unit cell and the northeast quarter unit
cell. The final Geometry Forms for these units can be found in Figs. 5.15 and 5.16.
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Fig. 5.15. Geometry form for east half pin cell.
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Fig. 5.16. Geometry form for northeast quarter pin cell.
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Now that you have all the units to construct a quarter assembly model, you need to change size of the
global unit to accommodate the smaller lattice. You can change all global unit cuboid dimensions so the
center of the unit still lies at (0, 0); however, since this is a quarter assembly, you might find it easier to
move the -X and -Y cuboid boundaries to 0. This means that the southwestern corner of the global unit
will lie at (0, 0). Because the size of the array has changed, you also need to change the array placement
so that array index (nx,ny)=(1, 1) lies at (X,Y)=(0, 0) of the global unit. You should also change the
global unit grid to 6x6 to accommodate the smaller array. You do not need to change the boundary
conditions—they are all set to reflective from the assemblyl.inp problem. The final Geometry Form for
100 (global unit) can be found in Fig. 5.17.
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Fig. 5.17. Geometry form global unit of the quarter 9x9 assembly.

Now click the Arrays button on the left toolbar to change the fuel array. Click Modify along the top
horizontal toolbar to open the Array Properties window. For NUX and NUY enter 5 and 5 to specify a
5x5 array; also initialize the array to unit 1 and click OK (Fig. 5.18).

119



Array Properties &J

MHumber =

MY = # of unitz in direction

I'Ii
MU = 5 # of unitz in # direction
i

Select unit to initialize new aray locations

-

r 0K | CANCEL|

Fig. 5.18. Array properties window for the quarter 9x9 assembly.

The array should be initialized to unit 1 (all blue). You can use the Finger or Line tool along the right
vertical toolbar to select unit 101, 102, or 103 and place them in the correct positions. Do not worry
that all of the units in the array are not the same size. As long as all of the X widths are the same in a
column and all the Y heights are the same in a row, then the array will be constructed properly. The final
Array Form should have unit 103 at the southwestern corner, unit 101 along the south edge, and unit
102 along the west edge (Fig. 5.19). If everything looks correct, close the Array Form.
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Fig. 5.19. Array form for the quarter 9x9 assembly.

Before running the problem, you should plot the model by turning checking the Parm=Check checkbox
in the General settings. You can then Run the case. When TRITON/NEWT completes checking the
model, open the PostScript file to view the plot of the geometry, which should resemble Fig. 5.20. If the
model looks correct and the output file does not report any errors, return to the GeeWiz General settings
and turn off Parm=Check, then rerun the problem. Once the problem completes, open the output file and
make note of the total CPU time, the NEWT transport solution time, and the overall k.. This problem
ran in 98.50 seconds of total CPU time, including 26.66 seconds for NEWT, and resulted in an overall ki,
of 1.19026604. The eigenvalue is slightly different than the full assembly case due to the global grid
spacing. The global grid spacing changed slightly in the quarter assembly case because the model is now
5.5 unit cell pitches wide (we used 6x6 grid), rather than a whole number (11 cell pitches) as before.
Also, the CPU time for the NEWT transport solution decreased from 72 seconds to 27 seconds—a 62.5%
decrease in the CPU time required for the NEWT transport solution. Although it is not a full 75%
decrease in CPU time, the computational cost savings is significant.
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Fig. 5.20. TRITON/NEWT plot of the quarter 9x9 assembly.

5.6.3 Basic 9x9 Assembly with Water Rods

For added complexity, water rods will now be added to the full 9x9 fuel assembly. Reopen the
assemblyl.inp input file in GeeWiz and Save As assemblyl wr.inp. The water rods will have
a 2.6 cm outer diameter and a wall thickness of 0.1 cm. The water rod structure should be Zircaloy-4
filled with borated water. The two water rods will be centered at (-1.5*P, -1.5*P) and (1.5*P, 1.5*P),
where P is the fuel pin pitch, whichincmareat(-2.1,-2.1)and (2.1, 2.1).

Water rods are common in BWRs, and they often eliminate the symmetry of a lattice. So you will not be
able to decrease the size of this lattice with symmetry. Using a Hole is the simplest way to insert a water
rod into the lattice. You should specify lattice cells filled with water in the array to act as the background
of the Hole, and then specify a Hole in the global unit to place the water rod at the correct location.

With assemblyl wr.inp open, click Geometry to open the Geometry Form. Click New to add a
new unit for the water rod. Provide a descriptive comment in the Comment box and use 101 as the unit
number. Now click Cyl from the right toolbox; add a cylinder with radius of 1.2 cm and another with
radius of 1.3 cm. Fill the inside of the first cylinder with mixture 5 h20, boron and the ring inside
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the second cylinder and outside the first cylinder with mixture 3 zirc4 as the structural material. The
final Geometry Form for the new water rod unit should look like Fig. 5.21.
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Fig. 5.21. Geometry form for the water rod unit in the 9x9 assembly.

Note that the boundary grid for this unit has been left blank, you can allow the underlying unit cell grid
and the global grid to act as the grid for this unit. It is not possible to construct a unit grid for this circular
unit that will fit well with the global grid. Adding a grid for this unit would result in a number of extra
cells for which NEWT would calculate flux, resulting in increased runtime.

Click on Arrays to open the Array Form. You may use the Finger or Line tool on the right toolbar to
select a block of units. The Line tool allows you to click and drag the mouse over a collection of units.
Click 10 in the Units box to specify that unit 10 will be inserted into the array. Now select the four units
that surround each of the two points where the centers of the water rods will be located (Fig. 5.22).
Selecting these units specifies that the area of the array under the water rods (the background) should be
water.
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Fig. 5.22. Array form for the 9x9 assembly with water rods.

If the Array Form looks like Fig. 5.22, click Close and return to the Geometry Form. Select
100 (global unit) from the Select Unit dropdown. Now click Hole from the right toolbox to
specify the two holes that are needed to place the water rods. In the Hole window, specify 101 for the
Hole Unit Number and the Origin of the hole should be (X,Y)=(-2.1,-2.1) and then click OK
(Fig. 5.23).
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Fig. 5.23. Hole window for the lower left water rod in the 9x9
lattice with water rods.

Now click Hole again to add a second unit 101 hole with origin located at (X,Y)=(2.1,2.1), and
then click OK. Now you have two holes that are unit 101 in the global unit. The final Geometry
Form for the global unit should look like Fig. 5.24.
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Fig. 5.24. Final geometry form for the 9x9 lattice with water rods.
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Go to the General settings, check the Parm=Check checkbox to have TRITON/NEWT check and plot
the geometry. Click Run to save the model and run the case. Open the output file to make sure the case
completed without errors. Then open the PostScript file assemblyl wr.newtmatl.ps. You
should see that the water rods have been placed in the correct location (Fig. 5.25). Turn off Parm=Check
in the General settings and Run the problem again. Upon completion, record the CPU times used and
the final k;,r. This example finished in 159.08 seconds with 78.90 seconds consumed by the NEWT
transport solution. The calculated k;,ris 1.19639958.

1 tuel, 4.00 % enriched

2 fual, 3.5% anr + 6 wi%e gd2a3
3 clad, zired

4 structurs, 524031

5 mod, h2o + baron

6 absorber, bdc

12 fugl, 3.5% anr + & wi% gd203
22 fual, 3.5% anr + & with gd203
32 fuel, 3.5% anr + 6 witt gd2a3
42 fuel, 3.5% anr + 6 witt gd2a3
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50888550
00000000
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Fig. 5.25. TRITON/NEWT plot of the 9x9 lattice with water rods.
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5.6.4 Basic 9x9 Lattice with Water Rods and Channel Box

BWR lattices generally contain a thin metal channel box to separate saturated liquid water from the two-
phase boiling water that is in-channel. Another added complexity of BWR lattices are the corners of the
channel box. The channel boxes normally have rounded corners that are difficult to model in
TRITON/NEWT. For this problem, you will start with the previous model assemblyl wr.inp and
add a channel box. You will also add an additional moderator definition to place inside the water rods
and outside the channel box. The channel box will have an inner span of 12.8 cm and a thickness of
0.2 cm. The channel box rounded corners will have an inner radius of 0.8 cm. The extra moderator
material will be unborated water.

Starting with assemblyl wr.inp, Save As assemblyl wr box.inp. First add the new
moderator material. Click Compositions from the left toolbar and then click Create from the Standard
Basic Compositions window. Now select Basic Composition and input 7 for the Mixture number, h2o
for the Composition Name, 1 for the Density Multiplier, 300 K for the Temperature, and 1.0 g/cm’ for
the Density. Click OK. Remember that you need to add material 7 to the list of NEWT materials. Click
Materials on the left toolbar and add MIX=7, PN=2, and COM=water outside channel.

Now add the channel box. Click Geometry to open the Geometry Form and select 100 (global
unit). You will need to add three new cuboids—one to enclose the fuel array, one to form the inside of
the channel box, and one to form the outside of the channel box. It is less confusing if the surfaces are
numbered from inside to outside, so these cuboids should have labels less than 10 (2, 4, and 6 are good
choices). The first cuboid should be centered at (0,0) with a width of 12.6 cm (+/- 6.3 cm). The
second cuboid should be centered at (0,0) with a width of 12.8 (+/- 6.4 cm). The third cuboid should
be centered at (0,0) with a width of 13.2 (+/- 6. 6 cm).

Once the cuboids have been added, change the array placement so that array 1 is inside cuboid 2, instead
of inside cuboid 10. To do this, double click the array entry in the Contents box of the Geometry
Form and the Array window will appear. Click on cuboid 10 so that it is highlighted and then click
Remove From Media on the right. Now click cuboid 2 so that it is highlighted and then click Inside
to specify that the array is inside cuboid 2 (Fig. 5.26).
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Fig. 5.26. Placement of fuel array inside cuboid 2.

Now add two new media corresponding to the new regions. The best way to do this is to just start fresh
with media statements—it will be easier to understand this way. Double click the media 10 statement

in the Contents box. Highlight cuboid 10 and click Remove From Media on the right. This removes
the only media statement attached to the global unit.
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Now add the three media statements that are needed. First select 5 h2o,boron from the Region
Definition Vector for Media dropdown; click and highlight cuboid 2; click Outside; highlight
cuboid 4 and click Inside. Then click OK (Fig. 5.27). This media fills the inside of the channel box
(and outside the fuel array) with borated water.
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g oK g CANCEL

Fig. 5.27. Borated water media inside channel box and outside fuel array.
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Now click Media again from the right toolbox, select 3 zirc4 from the Region Definition Vector for
Media dropdown; highlight cuboid 4 and click Qutside; and then highlight cuboid 6 and click
Inside (Fig. 5.28). Click OK. This media fills the channel box shell with Zircaloy-4.
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Fig. 5.28. Zircaloy-4 media for the channel box shell.
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Lastly, click Media from the right toolbox; select 7, h2o from the Region Definition Vector for Media
dropdown; highlight cuboid 6 and click Outside; and then highlight cuboid 10 and click Inside
(Fig. 5.29). Click OK when you are finished. This media is the unborated water outside the channel box.

[ Media for Unit 100 r ' ‘ 2 B =)
Select Geometmy
boid 10 7.7 -7.7 7.7 7Y :
fboidd 64 64 64 £4 | @ [Inside] |
boidE EE -66 EE EE ;
Cuboid2 6.3 £3 63 63 b Outside
|ﬁRemmremeMed.i.a|
Region Definition YWectar for Media |7 h2o j Biaz 1D =
B+ 10
| r
fuelcenter J |U |E| |EI
g ok H canceL
e

Fig. 5.29. Unborated water media window for outside channel box.

Note that there is no media specification that is inside cuboid 2. This is because array 1 fills cuboid 2
entirely—a media statement would be redundant in this case. The channel box is now complete with the

exception of the rounded channel corners. The Geometry Form for the global unit should look like
Fig. 5.30.
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Fig. 5.30. Geometry form for 9x9 lattice with water rods and a channel box.

When changing the array, you might notice in the Contents box that the array statement is below the
hole statements. Generally, you always want the holes to come after the arrays in a unit.
TRITON/NEWT processes holes and arrays by the order in which they are read in each unit. If a hole
statement comes before an array statement, the hole will be covered by the contents of the array. If the
array statement does not appear first as shown in Fig. 5.30, you should reorder them by deleting the
hole statements and adding them back to make them appear after the array statement. Alternatively,
you can open the ASCII text input file and change the order in the global unit using a text editor. To open
the text input file, go to Edit>Edit File on the top menu bar in GeeWiz. Once you save the changes in
your text editor, close and re-open the file in GeeWiz.

Now plot the geometry without the rounded channel corners to make sure that there are no mistakes.
Turn Parm=Check on and then Run the model. You should open assemblyl wr box.
newtmatl.ps to view the geometry (Fig. 5.31). Observation of the geometry shows that you have not
placed the new moderator material, 7 h2o, in the water rods. Small errors such as these are why using
Parm=Check is recommended to check the model and view the TRITON/NEWT plot to find errors or
inconsistencies. To change the water mixture in the water rods unit 101, change the media to 7 h2o.
If you were to plot the geometry again, the inside of the water rods would be colored pink (same as the
outside channel water).
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Fig. 5.31. TRITON/NEWT plot of 9x9 lattice with water rods and a channel box.

Now add the channel corners. To add the rounded channel corners, you will need to construct one
additional unit. This unit will contain Y4 of a fuel pin (pin and clad), two cylinders that define the inner
and outer radii of the channel corner, and a cuboid that bounds the unit. The cuboid is needed to cover
the square channel corner that would not otherwise be covered by the cylinders. A visualization of the
unit that is being constructed can be found in Fig. 5.32.
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Fig. 5.32. Channel corner drawing of the 9x9 lattice.

For this unit, use four cylinders that are chorded at +X= and +Y=0.0 to keep the upper right quadrant of
the cylinders. From the Geometry Form, click New to construct the new channel corner unit 201.
Specify four cylinders with chords at +X=0 and +Y=0 and radii of 0.5, 0.6, 0.8,and 1.0 cm. The
cuboid should span from 0 to 1.4 cm in the x and y directions. Once the cylinders are defined, add the
five media statements. At this point, you should be familiar with how to enter media statements, so the
steps will not be outlined in detail here. Also specify the bounding unit and a 4x4 grid. The final
Geometry Form for this unit can be found in Fig. 5.33.
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Fig. 5.33. Geometry form for the channel corner.
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Now select 100 (global unit) and add four holes containing the new unit 201. The first hole
should be placed at the (X,Y) location of the center of the most northeastern fuel pin, (5.6, 5.6). The

hole will not have to be rotated because it is already in the correct orientation for the northeastern corner
(Fig. 5.34).

Hole @1

HOLE Unit Nurnber -
Al
Fotate |0
* T
Qiigin |56 5.5
Ok Cancel
|

Fig. 5.34. Hole form for northeast channel corner of the 9x9 lattice.

Add three other holes at (-5.6,5.6), (-5.6,-5.6), and (5.6, -5 . 6) with rotations of 90, 180, and
270 degrees, respectively. The final global unit Geometry Form can be seen in Fig. 5.35.
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Fig. 5.35. Final geometry form for 9x9 lattice with water rods and channel box with rounded
corners.

Now Run the model to generate a plot of the geometry (Fig. 5.36). If the channel corners look correct,
turn off Parm=Check and Run the model again. This sample problem took 191.75 seconds of CPU
time, with 110.26 seconds used by the NEWT transport solution. The calculated k¢ is 1.29441281. You
will notice that the CPU time has been steadily increasing as with added complexity, and thus, more grid
cells. Also, you might notice that the calculated 4, increased for this assembly as compared to previous
assemblies. A significant amount of unborated water was added in the water rod and bypass regions,
which decreased parasitic absorption compared to the cases that had borated water in the water rods and
bypass.
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Fig. 5.36. TRITON/NEWT plot of the 9%9 lattice with water rods and a channel box with rounded
corners.
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5.6.5 Basic 9%9 Lattice with Water Rods, Channel Box, and Control Blades

Unlike PWRs that have control rods and soluble boron, the main reactivity control and shutdown
mechanism in BWRs is control blades. These control blades are external to the fuel bundle and typically
have somewhat complex geometry features that can make modeling difficult. Typical control blades have
a cross shape or “cruciform” and are positioned in the gap between four fuel bundles. The four arms of
the control blade are typically referred to as “wings”. Modeling a single fuel bundle with a control blade
requires modeling one-fourth of the control blade, as identified by the shaded region in Fig. 5.37.

Fig. 5.37. Fuel bundle and control blade layout in a typical BWR.

In this sample problem, control blades will be added to the BWR assembly model. Each wing of the
control blade has 21 absorber pins with a clad inner radius of 0.18 cm and a clad outer radius of 0.24 cm.
The control blade has a sheath thickness of 0.16 cm and a tip-to-tip span of 24.88 cm. For this control
blade, the central support and the wing have the same thickness, but this is not necessarily the case for all
control blades. Typical BWR control blades have holes drilled in them so that coolant (water) fills the
space between the absorber pins and the blade sheath. The blade structure is stainless steel 304L
(SS304L) and the blade absorber material is B,C at 70% theoretical density. A SCALE/NEWT
representation of the southern half of the east control blade wing can be found in Fig. 5.38.

Note that in this example, the absorber pins are mounted vertically, as is the case for many
reactors. However, there are some designs where absorber pins are mounted horizontally.
Modeling a control blade with horizontal absorber pins is more difficult, but not impossible. In a
2D model, the absorber pins must be represented as vertical cylinders, but their geometry will
need to be “adjusted” to give the correct absorber/fuel ratio. When modeling horizontal absorber
pins as vertical pins, ensure that the overall absorber pin volume of the blade is correct.
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Fig. 5.38. Southern half of an east control blade wing.

In general, it is recommended that control blades be built in SCALE/NEWT as separate units and be
placed in the global geometry using holes. By constructing the control blades in this manner, it is easy to
remove or insert control blades by commenting or uncommenting the control blade holes in the global
unit, and it is easy to reuse the same control blade design in a different bundle model by simply copying
and pasting the control blade units into the new model.

For this problem, Open the BWR sample problem with water rods and a channel box
(assemblyl wr box.inp) and Save As assemblyl wr box cr.inp. No new mixtures are needed for this
problem; use the SS304L and B4C compositions that were previously defined. First, build the absorber
tube units for the southern half of the east wing of the control blade by constructing two half-cylinders for
the clad inner and outer radii, and a cuboid whose sides are tangent with the clad outer boundary. Go to
the Geometry Form and click New to create an additional unit; give the unit a descriptive comment such
as “east control wing half tube” and use 300 as the unit number. Then, add two cylinders for the clad
inner radius (0.18 ¢cm) and outer radius (0.24 ¢cm) with a chord —y=0 to retain the bottom half of the
cylinders. Now add a cuboid with boundaries of +x=0.24 cm, +y=0 cm, and —y=0.24 cm. Fill the inner
cylinder with B4C (media 6), between the inner and outer radii with SS304L (media 4), and outside the
outer clad radius and inside the cuboid with out-channel moderator (media 7). The final Geometry Form
for the absorber tube unit can be found in Fig. 5.39.
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The next step will add an array of the absorber tube units. Currently, the cuboid enclosing the absorber
tubes has the same dimensions as the absorber tubes, essentially assuming no gap between absorber tubes
and adjacent absorber tubes or the blade sheath. To construct the array of absorber tubes, first click
Arrays to open the array geometry form, then click Create to create a new array.
Properties window, enter 200 for the array Number, Square for the array Type, 21 for NUX, 1 for NUY,
and initialize the array locations with unit 300; then click OK. The final Array form and Array

Fig. 5.39. Control blade eastern wing absorber tube unit.

Properties windows can be found in Fig. 5.40.
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Fig. 5.40. East control blade array form.

To complete the southern half of the east wing of the control blade, the array should be placed in another
unit that is the half-width of the blade wing in the y-direction and the half-span of the blade in the
x-direction. Click Geometry to open the Geometry Form, then click New to create a new unit for the
control blade. Name the unit “control blade east wing” and use a unit number of 302. Then add a
Cuboid that is the half-span of the blade (12.44 cm) and the half thickness of the blade (0.4 cm). The
media inside the cuboid should be SS304L (media 4). Then place the center of the (1, 1) unit of array 200
(the absorber tube array) at an x-position of 2.44 cm and a y-position of 0.0 cm. The array placement
x-position of 2.44 cm corresponds to blade central support length (2.2 cm) plus the absorber tube outer
radius (0.24 cm). The final Geometry Form for unit 302 is shown in Fig. 5.41.
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Fig. 5.41. Final geometry form for the southern half of the east control blade wing.

Now to place the control blade wing into the global geometry, go to the Geometry Form for the global
unit. Insert a Hole that is unit 302 into the global geometry at x=-7.7 and y=7.7. The final Geometry
Form for the global unit and the Hole dialog box can be found in Fig. 5.42.
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Fig. 5.42. Final geometry form and hole dialog box for the global unit and the
southern half of the eastern control blade wing.

Although the southern wing of the control blade still needs to be added before the model is complete, it is
a good idea to Run the model using Parm=Check to plot the model and confirm that the control blade
wing has been properly constructed and positioned in the global unit. A SCALE/NEWT plot of the
current model can be found in Fig. 5.43.
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Fig. 5.43. SCALE/NEWT plot of the assembly and the southern half of the
eastern control blade wing.

Using a similar strategy, add the eastern half of the southern control blade wing to the model. Use the
identical dimensions as used for the eastern wing, construct the absorber tube unit, but use chords to
retain the right side of the fuel pin. The final Geometry Form for the eastern half of the southern wing
can be found in Fig. 5.44.
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Fig. 5.44. Control blade southern wing absorber tube unit.

The main difference in the way the southern wing is constructed in comparison to the eastern wing is the
array placement and the size of the wing unit. Overlapping holes are not a recommended practice, so the
size of the southern wing central support should be smaller by the blade half-thickness so that the eastern
wing and the southern wing do not overlap in the northwest corner of the model. This length of the
southern wing should be 12.04 cm: the half-span (12.44 cm) minus the wing half-thickness (0.4 cm). The
array placement is also slightly different in comparison to the eastern wing; now array position (1, 21)
should be placed at x=0.0 and y=-2.04 cm (the central support length, 2.2 cm, minus the blade half
thickness, 0.4 cm plus the absorber tube outer radius, 0.24). The final Array Form and Geometry Form
for the eastern half of the southern control blade wing can be found in Figs. 5.45 and 5.46.
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In the global unit, the hole placement of the south wing is also slightly different from the eastern wing;
the y-position has been shifted down one half-thickness of the control blade. The final Geometry Form
for the global unit can be found in Fig. 5.47.
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Fig. 5.47. Final geometry form and hole dialog box for the global unit for control blade placement.

Again, Run the model using Parm=Check to plot the model and confirm that the control blade wing has
been properly constructed and positioned in the global unit. A SCALE/NEWT plot of the final fuel
bundle with both the east and south wings of the control blade can be found in Fig. 5.48. If the model
looks as it should, turn off Parm=Check and Run the model again. The SCALE/NEWT calculated £;,,is
1.07255008 for this problem. Note that the high multiplication factor is because this model is not a true
BWR fuel bundle model and is intended for illustration purposes only; typical BWR fuel bundles have
lower enrichment, contain fuel rods with integrated burnable absorbers, and operate at a lower coolant
density.
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Fig. 5.48. SCALE/NEWT plot of the assembly and the southern and eastern control blade wings.

5.7 SUMMARY
This section has helped you to accomplish the following:

e use GeeWiz and TRITON/NEWT to describe more advanced geometry models using
geometry modification data and holes

e use the CHORD modifier to truncate a body with a plane perpendicular to a major axis

e use the ORIGIN modifier to translate the location of a body (i.e., shape)
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e use the ROTATE modifier to rotate a body to any angle
e use HOLE to place one unit inside another unit

e use the geometry modification data to model common features of PWR and BWR lattices

Next simple depletion calculations for pin cells and lattices will be introduced.
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6. DEPLETION

In the previous section, you learned some advanced geometry features that are used to set up more
complicated lattice models for PWRs and BWRs. In this section, you will learn to add time-dependent
depletion to these models.

6.1 WHAT YOU WILL BE ABLE TO DO
e use GeeWiz and SCALE to perform standard depletion calculations for pin cells and lattices
e use the Parm=Weight option to generate problem-dependent 49-group cross-section libraries
e understand the advanced concepts required for detailed depletion of lattices

e use the Assign function to assign material cross sections to different materials
6.2 DEPLETION BASICS FOR LWR LATTICE PHYSICS

SCALE/TRITON has three different depletion sequences: T-DEPL, T5-DEPL, and T6-DEPL. The
T5-DEPL and T6-DEPL sequences use the Monte Carlo codes KENO-V.a and KENO-VI, respectively,
for the transport calculations. The material in this primer only covers how to use the T-DEPL sequence,
which uses NEWT for the transport solution. Although this primer focuses only on the T-DEPL
sequence, the depletion input formats for all three sequences are identical.

A good explanation of the T-DEPL sequence can be found in the SCALE manual:

The T-DEPL sequence builds upon the cross-section processing and neutron transport
solution of the T-NEWT sequence. The transport calculation with NEWT is followed by
COUPLE (Sect. F6 of the SCALE Manual) and ORIGEN-S (Sect. F7 of the SCALE Manual)
calculations. In a T-DEPL calculation, NEWT is used to create a three-group weighted
library based on calculated volume-averaged fluxes for each mixture. COUPLE is used to
update the ORIGEN-S cross-section library with cross-section data read from the weighted
library. Three-group fluxes calculated by NEWT are supplied to ORIGEN-S for depletion
calculations. COUPLE/ORIGEN calculations are repeated for each mixture being depleted,
as specified in input, using mixture-specific cross-section data and fluxes.

Although ORIGEN-S supports the use of time-dependent fluxes, T-DEPL uses a more
rigorous iterative procedure. Because spatial fluxes are burnup dependent, changing with
nuclide inventories, and because mixture cross sections will also change with burnup, the
T-DEPL sequence uses a predictor-corrector approach to update both fluxes and cross
sections as a function of burnup. T-DEPL calculations can be considered to consist of two
components during this iterative phase: (1) transport calculations (cross-section processing
and the neutron transport solution) and (2) depletion calculations (COUPLE and
ORIGEN-S). Transport calculations are used to calculate fluxes and prepare weighted cross
sections and other lattice physics parameters based on a given set of nuclide concentrations;
depletion calculations are used to update nuclide concentrations, which can be used in the
following transport calculation.

So the SCALE/TRITON depletion calculation uses a transport calculation to calculate the spatial fluxes
over the lattice. These space-dependent fluxes are then passed to COUPLE and ORIGEN-S to deplete the
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mixtures. The new mixture concentrations are then passed back to the transport calculation—this
iterative process continues until all depletion steps have been completed.

It is entirely up to the user which materials are depleted and how many depletion steps are used. These
are two very important key parameters that the user must fully understand prior to attempting depletion
calculations. All fuel materials need to be depleted. As a reactor operates, fissile nuclei undergo fission
reactions, which creates two lighter isotopes. The consumption of fissile nuclei and production of lighter
nuclei are modeled only if the user specifies the compositions that contain these fissile nuclei. Mixtures
that are not specified by the user will not be depleted by SCALE/TRITON. It is also important to deplete
materials that contain burnable poisons—gadolinium, boron, etc. The concentration of these burnable
absorbers decreases over depletion, and so the user must also specify these materials. Users need not
deplete structural materials, moderator, or any other material whose composition does not change
significantly under neutron irradiation. You do not need to deplete moderator mixtures (water) that
contain boron because reactor operators strictly control the concentration of boron during depletion.
Boron is being consumed from neutron capture, but reactor operators are adding boron at the same rate.
A boron letdown curve can be modeled using the SCALE/TRITON Timetable feature, but the Timetable
feature is omitted from this primer because nodal simulators typically model the boron letdown curve by
interpolating between different boron concentrations contained in the broad-group cross sections.

The other major consideration is the length of depletion steps. A reactor is under continuous operation—
isotopic concentrations, fluxes, pin powers, multigroup cross sections, etc. change continuously as a
function of time. SCALE/TRITON employs an iterative procedure to model this behavior. Error will be
introduced if too few depletion steps are taken during a period of simulated operation. To make matters
more complicated, assemblies that contain strong burnable absorbers require finer depletion steps than
assemblies that contain only fissile fuel. There is no substitute for a firm understanding of your problem.
Only you can determine what depletion step scheme is detailed enough for a certain assembly
configuration. The most accurate transport solver can only be as accurate as the isotopic concentrations
and the cross sections that the transport solver uses. For this reason, care must be taken to ensure that
adequately fine time steps are used. With increasingly fine depletion step schemes, the solution should
converge to some answer. If you have doubt that the depletion steps you have used are fine enough, run
another simulation with finer depletion steps and observe the difference in the two solutions. If the
difference is significant, then you probably need finer depletion steps. Generally, very fine depletion
steps are needed for gadolinium-bearing lattices, 0.5 to 1.0 GWd/MTU before peak reactivity. After peak
reactivity, the depletion steps can be lengthened. The recommended step size for non-gadolinium-bearing
lattices is approximately 2 to 3 GWd/MTU or smaller.

6.2.1 Mini Lattice with Depletion

To become more familiar with the depletion inputs, use GeeWiz to open the previous problem with the
file name minil cmfd.inp and Save Asminil depll.inp. Recall that this problem is the 2x2
array of 4.00% enriched fuel pins. In the General settings, change the Sequence from T-NEWT to
T-DEPL in the Sequence dropdown. Making this change will result in the General settings window
changing slightly. You should have some new options: Orgnflux and AddNux. The Orgnflux option
will not be used, but the AddNux option will be. Change the AddNux option to 2 in the AddNux
dropdown; click OK. On the main T-DEPL form, you will notice some new options on the left vertical
toolbar: Depl and Branch. Click the Depl button on the left toolbar and you will see the Depletion Data
Blocks window appear (Fig. 6.1).
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Fig. 6.1. GeeWiz window for the T-DEPL sequence.

In the Depletion Data Blocks window, the Depletion and Burnup options will be used quite extensively.
Click the Depletion option from the Depletion Data Blocks window and the Depletion Data window
will appear. The user can select which mixtures to deplete in the Depletion Data window. This simple
problem only contains one material to be added: 1 uo2, which can be selected from the Mixtures box in
the Depletion Data window. Select 1 uo2 so that it is highlighted and then click Add Mixture.
Mixture number 1 should be added to the Mixtures to Deplete box. The final Depletion Data window
can be found in Fig. 6.2. Now click OK.
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Fig. 6.2. Depletion data window.

In the Depletion Data Blocks window, click Burnup. The Burn Data window will appear, where a user
can specify any combination of different depletion steps. The Burn Data inputs are Power (specific
power), input in units of megawatts per metric ton uranium (MW/MTU); Burn (full-power irradiation
time), input in days; Libraries, the number of cross-section updates in a certain step; and the Downtime
(zero-power decay time). Enter 25 MW/MTU for Power, 1000 days for Days, 5 for Libraries, and 0
for Downtime (Fig. 6.2). Click OK. These parameters specify depletion to a burnup of
25,000 MWd/MTU with five updates to the cross sections.
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Now you should have a complete depletion input file for the mini assembly. This problem should run a
total of six transport calculations: the t=0 calculation and the five depletion steps that were specified using
the Libraries option. SCALE/TRITON performs depletion calculations for the midpoints of the
requested steps. Intuitively, a user might think that because this problem starts at time t=0 days and goes
to time t=1000 days with five library updates, the transport calculations will be performed at t=0, 200,
400, 600, 800, and 1000 days. Because SCALE/TRITON performs depletion calculations at the
midpoints of the steps, the transport calculations are actually performed at t=0, 100, 300, 500, 700, and
900 days. This input will take much longer to run since it must run six different transport calculations.
During a SCALE/TRITON depletion calculation, a number of nuclides are added in trace amounts,
making the cross section processing longer as well. You should turn on Parm=Check to make sure there
are no errors in the input file. After the check completes without error, turn off Parm=Check and Run
the problem.

In the return directory (where your input file is located) you will have the PostScript and output files, as in
previous cases. In addition, you will also have a *.plt file that corresponds to each depletion material. The
* plt files contain isotopic concentration information for each burnup material at each depletion step. The
eigenvalue trajectory for this sample problem has been plotted in Fig. 6.4. The two different trajectories
use a different amount of library updates. The 6 points from this sample problem form the blue curve,
while 16 depletion steps (Libraries=15) in the same total depletion time form the red curve. The
Libraries=5 problem has 5 GWd/MTU depletion steps, while the Libraries=15 problem has 1.67
GWd/MTU depletion steps. The difference between the two solutions is plotted on the secondary axis.
You can see that the difference between the 16-step and the 6-step problems increases with depletion.

155



This simple problem is designed to illustrate the need for relatively fine depletion steps. The total
computer time for this six-step problem was 64.15 minutes. The NEWT calculations only took a small
portion of time for this problem, averaging ~40 seconds at each step.
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Fig. 6.4. Eigenvalue trajectories using two different depletion step schemes.

6.2.2 Using Parm=Weight

The Parm=Weight option can be very useful in lattice physics analysis. Running SCALE/TRITON
depletion calculations requires a significant amount of computer resources. To make SCALE/TRITON
run faster for depletion calculations, you may want to consider using the Parm=Weight option. This
option allows the user to generate a problem-dependent 49-group cross-section library at the start of a
depletion calculation. SCALE/TRITON will first run a beginning-of-life steady-state calculation with a
238-group cross-section library. SCALE/TRITON will use the neutron spectrum from steady-state
solution to collapse the 238-group library down to a 49-group library that will be used for the subsequent
depletion calculation. In effect, this makes the transport calculations run much faster and should result in
a faster solution. To turn on Parm=Weight, go to the General settings and click in the checkbox next to
Weight (Fig. 6.5).
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Fig. 6.5. General settings window that uses Parm=Weight.

The same six-step depletion problem took 27.71 minutes with Parm=Weight vs. 64.15 minutes without
Parm=Weight. The NEWT transport calculations took ~10 seconds with Parm=Weight. Use of
Parm=Weight is recommended for production runs where computational time is at a premium. The bias
introduced in the library collapse should be investigated to make sure that the bias is acceptably small
prior to running production calculations. This bias is typically less than 200 pcm for LWRs.

It is possible to save the cross-section library that is generated when using the Parm=Weight command
for use in subsequent calculations. To save the cross-section library generated from a Parm=Weight run,
copy the file named newxnlib in the temporary working directory to the return directory and rename the
file. To use this file in subsequent calculations, add it to the input file using the text-based input format.
In the text-based input, the first line signifies the sequence (T-NEWT, T-DEPL, etc.), the second line is a
model title, and the third line is the cross-section library for the problem. On the third line of the input
file, enter the name of the 49-group library instead of one of the SCALE-supplied cross-section libraries.
Remember that this library was collapsed using a specific neutron spectrum. You will introduce error if
you apply the 49-group library to a problem whose spectrum is significantly different than the spectrum
that was used to generate the library. It is always safest to use a 238-group library, but in the interest of
reducing computational cost, the Parm=Weight option can be applied to most depletion problems without
significant error.

6.3 ADVANCED LWR LATTICE DEPLETION
Accurate depletion of advanced assembly designs in SCALE/TRITON may require that users specify a
different fuel mixture for every unique fuel pin in a lattice. A different mixture must be specified for

every unique fuel pin because the spatial flux distribution varies significantly throughout a lattice model.
Figure 6.6 shows the thermal flux distribution for a detailed BWR lattice model.
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Fig. 6.6. Flux distribution for a detailed BWR lattice.

Observation of the flux distribution shows that the thermal flux changes significantly as a function of
lattice position. In addition, the flux distribution changes as a function of depletion. Because the flux
distribution is a function of time and space, fuel pin mixtures must be depleted independently in order to
accurately track isotopic concentrations during depletion. A 10x10 BWR lattice with water rods, such as
the one shown in Fig. 6.6, would require 49 different fuel materials. The lattice has a total of 92 fuel pins,
but with diagonal symmetry, the number of different fuel pin locations can be reduced to 49. Users must
specify different fuel pin materials for each unique fuel pin location in order to obtain pin-by-pin tracking
of isotopic concentrations. Before performing a full lattice calculation, this effect can be seen in a smaller
model. (Hint: You can create flux plots like Fig. 6.6 for any geometry by setting “priflux=yes” in the
NEWT parameters. Be careful—NEWT makes a flux plot for every energy group so the files can be large
if using a fine group library such as a 238-group library.)

ORIGEN-S, the depletion module used by SCALE/TRITON, has two options for depletion of materials:
depletion by constant power, and depletion by constant flux. Because ORIGEN is a point depletion code,
it is used to independently model distinct depletion regions (mixtures) instead of the fuel assembly as a
whole. Coupling between these regions is achieved using the transport solution for the assembly; relative
fluxes across an assembly are used to determine the local flux or power in each individual ORIGEN
calculation. ORIGEN supports two modes of input for depletion calculations: power or flux. When flux is
input, that value is used directly in the ORIGEN solution. However, when power is input, ORIGEN will
automatically adjust the flux to maintain a constant power, based on power-producing reactions to scale
the flux. While depletion assuming a constant power is generally representative of a fuel element, this is
not true for nonfuel elements. Targets, structural materials, and burnable poisons are generally “driven”
by fluxes from neighboring fuel elements and do not contribute significantly to power production.
Forcing a constant power in a burnable poison rod, for example, would result in a rapidly increasing flux
due to depletion of the poison material, which is nonphysical. Allowing mixed-mode depletion within
SCALE/TRITON better approximates the time-dependent flux behavior across an assembly.
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For fuel pins that do net contain integral fuel burnable absorber, users should deplete by constant power.
For fuel pins that do contain integral fuel burnable absorber, users should deplete by constant flux
because the specific power of these regions could change significantly over a depletion step.

6.3.1 Mini-assembly with Different Fuel Pin Mixtures

Using the mini-assembly problem, you will add an extra fuel material and change the fuel array slightly.
The mini-assembly problem that was set up previously has four fuel pins arranged in symmetric locations.
This example will add some asymmetry to the model in the form of a vanished rod. The first problem
you will run using three identical fuel materials. The second problem you will run using two different
fuel materials: one for the northeast corner pin, and another for the northwest and southeast fuel pins
(Fig. 6.7). The mini-assembly model on the left uses one fuel mixture, while the assembly on the right
uses two fuel mixtures of identical composition. Because the flux will be more thermal for the northwest
and southeast fuel pins (due to the vanished rod), the fuel in these locations will deplete faster than the
fuel pin in the northeastern corner.

Fig. 6.7. Drawings of the one-fuel and two-fuel mini-assembly models.

To set up the first model, open minil depll.inp and Save it to minil depl 1fuel.inp.
Click Arrays to open the Array Form. Place unit 10 (empty water cell) in the southwestern corner of
the model. The Array Form for this array can be found in Fig. 6.8.
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Fig. 6.8. Array form for the one-fuel lattice with a vanished rod.

This is the only change that needs to be made to this model. Click Save and then click Run.

With this model running in the background, you can open another GeeWiz window by navigating to the
shortcut and double clicking the GeeWiz icon. Now Open minil depll 1fuel.inp and Save As
minil 2fuel depl.inp. You will need to add new fuel, clad, and moderator mixtures for this
problem. Click Compositions from the left toolbar and, using the Copy Mix button, Copy mixture 1 to
201, mixture 3 to 203, and mixture 5 to 205. You will also need to add a new Cell Data
latticecell. Click Cell Data from the left vertical toolbar and then click New Cell. Add a new
latticecell that is identical to the previous lattice cell, but with mixtures 201, 203, and 205
(Fig. 6.9).
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Fig. 6.9. Unit cell data for additional lattice cell in the two-fuel mini-assembly.

You should also add the new fuel material to the list of NEWT materials. Click Materials along the left
vertical toolbar and add mixture 201 to the Material Mixtures. You will then need to add a new unit to
the geometry that is identical to the other fuel pin cell, unit 1. You will also need to add the new fuel
mixtures as depletion mixtures. Navigate to unit 1 on the Geometry Form and click Copy Unit. This
example uses unit 12. Simply go into the media statements and change the fuel media from mixture 1
to mixture 201. You will have to remove the media and then add it back using the new mixture 201
(Fig. 6.10). It is okay to leave the clad and moderator mixture as the same values in the NEWT model.
Make sure that the grid spacing is still 4x4—sometimes GeeWiz does not copy the grid spacing.
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Fig. 6.10. Geometry form for additional unit required for two-fuel mini-assembly problem.

Now click Arrays on the left toolbar. You should change the northwest and southeast units to unit 12
(Fig. 6.11).
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Fig. 6.11. Array form for the two-fuel mini-assembly problem.

If you compare the results from these runs, you will see diverging behavior between the two solutions.
Figure 6.12 shows the difference between the one-fuel and the two-fuel problem (kife1 — k2.fel) as @
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function of time. The two-fuel depletion problem tracks isotopic concentrations for every symmetric pin,
whereas the one-fuel depletion problem lumps all the isotopic concentrations from the fuel into one
material. Note that for this three-pin problem, you do not need three different materials—only two are
needed due to symmetry. The difference between a uniform fuel mixture and separate mixtures for each
unique location is more significant for larger and more complicated lattices (especially in BWR
nonuniform lattices). As a side note, the total runtimes were 23.04 and 32.68 minutes for the one-fuel and
two-fuel problems, respectively.

Difference in kinf for the 1-Fuel and 2-Fuel Depletion Problems vs. Time
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Fig. 6.12. Eigenvalue difference between one-fuel and two-fuel mini-assembly problems.

6.3.2 Mini-assembly with Separate Fuel Pins Using the Assign Function

Adding another fuel mixture to the model increased CPU time rather significantly, approximately
50 percent, from the one-fuel to the two-fuel problem. The primary reason for the increase is the
additional SCALE/CENTRM self-shielding calculation for the extra fuel mixture. If you were to model
every pin in a full lattice with different SCALE/CENTRM self-shielding calculations, the self-shielding
portion of the calculation would dominate the total computer time used. In the two-fuel problem, there
are two identical SCALE/CENTRM lattice cell calculations. The initial mixture compositions did not
change—they were simply copied from the other fuel, clad, and moderator mixtures. The unit cell
dimensions did not change either, so the two SCALE/CENTRM calculations are identical. Fortunately,
there is a way in SCALE/TRITON to eliminate the redundant SCALE/CENTRM calculations. This is
done using the Assign function in the depletion settings.

The Assign function simply copies the cross sections from one mixture to another. If each fuel has been
defined as a different mixture for depletion, the isotopic concentrations for all fuel mixtures are tracked
separately. When using the Assign function, SCALE/TRITON “averages” the mixture isotopic number
densities in the assigned set of mixtures for the self-shielding calculation. The microscopic cross sections
from that self-shielding calculation will then be copied back to the individual materials. The isotopic
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number densities of the different fuel mixtures remain independent, but the microscopic cross sections for
each fuel mixture are updated each depletion step using the average isotopic concentrations of the
materials used in the Assign function.

To set up a simple problem that uses the Assign function, you will need to edit the ASCII text input file.
The text input file is fairly simple and straightforward to use. Advanced features of the TRITON
sequence are usually released before updated versions of GeeWiz, so GeeWiz development sometimes
lags SCALE/TRITON development. Even though some features require use of the text-based input, you
can use GeeWiz to set up the basics for most problems. You will eventually become familiar with the
text-based input and may find that you can set up input files faster using the text-based input rather than
GeeWiz. Be careful using the text-based input—the input process is much more error prone than using
the GeeWiz GUIL To begin, use GeeWiz to do most of the problem setup, and then switch to the text-
based input for adding advanced features.

To set up a sample problem using the Assign function, openminil 2fuel depl.inp in a text editor
by clicking Edit>Edit File. Save the file with the new filename minil 2fuel depl+assign.inp.
Because you will assign the cross sections from one self-shielding calculation to another material number,
you do not need the extra fuel, clad, and moderator mixtures in the composition block. Highlight all the
lines for mixtures 201, 203, and, 205 (seen below) and delete these lines.

read composition

uo2 201 den=10.6312 1 900

92234 0.005407837
92235 4
92238 95.99459 end
zirc4 203 1 540 end
h2o 205 den=0.8458 1 500 end
boron 205 den=0.8458 0.0009 500 end

end composition

Also remove the extra latticecell specification that was added to the celldata block, highlighted below.

read celldata
latticecell squarepitch fuelr=0.5 1 cladr=0.6 3 hpitch=0.7 5 end
latticecell squarepitch fuelr=0.5 201 cladr=0.6 203 hpitch=0.7 205 end
multiregion cylindrical left bdy=reflected right bdy=white end

2 0.2236
12 0.3162
22 0.3878
32 0.4472
42 0.5
13 0.6
15 0.7899

end zone
end celldata

Now move to the depletion block of the input file. In the depletion block, you will see that mixtures 1
and 201 are being depleted. Do not change this; you still want both mixtures 1 and 201 to be depleted.

You will need to add an END keyword to the end of the depletion materials. The Assign function works
by assigning a source (S) material to target (T,) material(s) and is terminated by an END keyword:

assign S T; T, T3 .. T, end
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In order to assign the cross sections from mixture 1 to 201, add the elements highlighted in yellow to the
depletion block:

read depletion

1 201 end

assign 1 1 201 end
end depletion

SCALE/TRITON assigns the cross sections from mixture 1 (source) to mixtures 1 and 201 (targets).
Always include the source mixture in the list of targets; this is so SCALE/TRITON averages isotopic
concentrations from mixtures 1 and 201 back to mixture 1 for self-shielding calculations. This is the only
change needed for the input file. You should now save the input file. Note that you did not change
anything in the mini-assembly geometry. From the previous problem, mixtures 1 and 201 are in the
correct locations. However, the way self-shielding cross-section adjustments are accomplished for
mixtures 1 and 201 during depletion is modified. Media 201 should still be used in the NEWT model.

This input file contains features that are unavailable in GeeWiz, so do not open this file in GeeWiz to run
it. Opening the file in GeeWiz will cause the unrecognized text to be removed. Instead, open the
SCALES shortcuts folder on the desktop or in the scale6 directory. Inside the shortcuts folder, there will
be a shortcut named “Run SCALE6”. Double clicking the “Run SCALE6” icon opens a DOS command
prompt that has the correct links established for running SCALE. Using the command prompt, navigate
to the directory in which your input file is located. You can run SCALE by typing:

batch6o -m filename

This command calls the batch script that runs SCALE 6. For the example shown here, the “—m” option is
used to print all messages back to the screen, rather than in a messages file (Fig. 6.13). There are a
number of options available to users for running SCALE from the command prompt. The command
prompt and other useful runtime options can be found in the document titled “Getting Started” on the
SCALE 6 installation DVD.

After the problem completed, the eigenvalues were extracted from the output file and compared to the
previous results for the one-fuel and two-fuel models. These results are plotted in Fig. 6.14.
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Fig. 6.14. Comparison of results using the Assign function.

From Fig. 6.14, you can see that the two-fuel model using the Assign function matches the reference two-
fuel solution very well. Remember that the two-fuel reference solution uses two separate CENTRM unit
cell calculations for self-shielding. This method is the most accurate but also takes the most computer
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time. The previous sample problem runtimes were 23.04 and 32.68 minutes for the one-fuel and two-fuel
models, respectively. The runtime for this problem was 24.19 minutes. By using the Assign function, the
computational time was reduced by 8.5 minutes (26%) and with virtually no impact on the accuracy when
compared to the two-fuel reference model. It is recommended that you use the Assign function in lattice
physics problems in order to limit computational cost while maintaining accuracy of the problem solution.
Remember that every unique fuel pin location should be depleted as a different material—using the
Assign function will allow you to do so without a major impact on runtime and accuracy.

6.4 SUMMARY
This section has helped you accomplish the following:

o use GeeWiz and SCALE to perform standard depletion calculations for pin cells and
lattices

o use the Parm=Weight option to generate problem-dependent 49-group cross section
libraries

o understand the advanced concepts required for detailed depletion of lattices

o use the Assign function to assign material cross sections to different materials.
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7. LWR BRANCH CALCULATIONS

7.1 WHAT YOU WILL BE ABLE TO DO

After completion of this section, you should be able to do the following:

¢ understand what branch calculations are and why they are needed for lattice physics
e use GeeWiz to add branch calculations to a model
e understand typical branch calculations required for PWRs and BWRs

e understand the need for simple test cases to verify branch conditions
7.2 BRANCH CALCULATIONS IN LWR LATTICE PHYSICS

The primary purpose of lattice physics calculations is to generate broad-group nodal diffusion data (cross
sections, diffusion coefficients, discontinuity factors, scattering matrices, etc.) for reactor core simulators.
The most current cutting-edge software on the largest computer systems is only now becoming capable of
modeling full-core nuclear reactors in extreme detail. The computing resources and time required to
generate such a solution would be prohibitive for typical users who do not have access to such software
and computer systems nor do they have the time to wait for an answer of such detail. Users require a fast
solution that is capable of running on a normal desktop computer. To this end, reactor core simulators
based on nodal diffusion theory have been developed as a capable tool for full-core reactor analyses.
Nodal simulators rely on “average” data for different lattices. Reactor cores are composed of a large
number of fuel assemblies (or bundles), and each assembly is composed of an array of fuel pins. Each
fuel assembly usually has some axial variation—changes in enrichment, types of fuel pins, number of fuel
pins, etc. Each axial level of an assembly is generally called a lattice. So there might be a number of
different lattices that make up one assembly model. In lattice physics, users build and run detailed
models of each lattice in an assembly to generate data for that lattice. The lattice data are converted to a
format that the core simulator can read. In SCALE/TRITON the lattice-average data are saved in a binary
file named xfile016 and a text-based file name txtfilel6.

Typical reactors may contain many different types of assemblies. These assemblies experience depletion
of fissile nuclides and buildup of fission products and transuranics over multiple operating cycles. In
addition, reactors may undergo certain transients such as a change in moderator density, insertion or
removal of control rods, a change in fuel or moderator temperature, and changes in moderator
composition (soluble boron in PWRs). For a core simulator to model these changing conditions, the core
simulator must have data for these conditions. Branch conditions are used to generate the data required
for these transient conditions.

Branch conditions should be specified to account for all normal and off-normal operating conditions that
need to be modeled for safety analyses. The nominal conditions, or branch 0 conditions, are specified in
the base input file and specified in the first branch condition of the branch block. At each depletion step,
SCALE/TRITON generates broad-group nodal diffusion branch data by adjusting the branch 0 model to
the requested branch condition and rerunning the cross-section processing and transport modules. The
broad-group nodal data are then written to the xfile016 and the txtfilel6 files. So the xfile016 and txtfilel16
files for any depletion calculation will contain nodal parameters for every depletion step and every branch
condition specified in the model.

169



Nodal core simulators interpolate between a set of data points to obtain nodal parameters for
instantaneous operational conditions. For this reason, a branch condition does not need to be specified for
every possible operating condition. Rather, the envelope formed by the branch conditions should cover
the range of possible operational conditions. If a core simulator predicts an operating condition between
two branch conditions, the nodal parameters are interpolated based on available data. If a core simulator
predicts an operating condition that lies outside the envelope of branch conditions, the nodal parameters
are extrapolated to that condition-based available data. Extrapolation of nodal parameters is particularly
risky, so all foreseeable operating conditions should lie inside the envelope formed by the chosen branch
conditions.

7.3 BRANCH CONDITIONS FOR PWRS AND BWRS
For PWRs, the branch conditions should contain the following:
e aset of moderator densities above, below, and at the expected nominal conditions
e asufficient number of soluble boron concentrations to simulate the boron letdown curve

e control rod branches, both in and out, that correspond to these aforementioned moderator
densities and boron concentrations

e conditions that correspond to startup and shutdown
A sample list of operating conditions can be found in Table 7.1. This sample list should not be

considered a complete list for your problem; rather, it is a sample of what branch conditions for a PWR
might look like.
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Table 7.1. Sample PWR branch conditions for nominal

and limited transient conditions

Moderator Fuel Moderator | Soluble Control
Branch no. density temperature | temperature | boron rod state
(g/em’) &) ) (ppm) | (0=out, 1=in)

0 0.7 925 575 900 0
1 0.6 925 575 900 0
2 0.8 925 575 900 0
3 0.9 925 575 900 0
4 1 925 575 900 0
5 0.7 925 575 900 1
6 0.6 925 575 900 1
7 0.8 925 575 900 1
8 0.9 925 575 900 1
9 1 925 575 900 1
10 0.7 925 575 0 0
11 0.6 925 575 0 0
12 0.8 925 575 0 0
13 0.9 925 575 0 0
14 1 925 575 0 0
15 0.7 925 575 0 1
16 0.6 925 575 0 1
17 0.8 925 575 0 1
18 0.9 925 575 0 1
19 1 925 575 0 1
20 0.7 925 575 2200 0
21 0.6 925 575 2200 0
22 0.8 925 575 2200 0
23 0.9 925 575 2200 0
24 1 925 575 2200 0
25 0.7 925 575 2200 1
26 0.6 925 575 2200 1
27 0.8 925 575 2200 1
28 0.9 925 575 2200 1
29 1 925 575 2200 1
30 0.7 294 575 900 0
31 0.7 1550 575 900 0
32 0.7 3000 575 900 0
33 0.7 294 294 900 0
34 0.7 294 294 0 0
35 0.7 294 294 0 1

For BWRs, the required branch conditions are generally less straightforward. Users will generally need
branch conditions with moderator densities corresponding to 0, 40, and 80 percent void fraction, control
rod in/out branches, and branches corresponding to startup and shutdown. You might need to add soluble
boron branches depending on the transient(s) being analyzed. Rapidly changing moderator density (due
to boiling) and control rod placement in BWRs necessitate the need to generate nodal data that has void
and/or control rod “history.” In BWRs, the void fraction has a strong effect on the neutron spectra. The
changing spectra will result in different rates of depletion of fissile isotopes and buildup of fission
products and transuranic isotopes. Because of changing spectra that are dependent on void fraction and
control rod position, BWR nodal parameters should have some history associated with how the lattice
was depleted. The lattices in the upper portions of a BWR bundle see a higher void fraction than the
lattices located in the lower portion of the bundle. Users will likely need to run depletion calculations
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whose branch 0 moderator conditions are 0, 40 and 80 percent void. So for every lattice you likely have
to run three different depletion calculations depending on the void history alone. At times, BWRs operate
with the control rod blades partially inserted—users might need history calculations for control rods in
addition to void fraction. Because of the wide range of operating conditions that are possible with BWRs,
sample branch conditions have been omitted from this document to avoid misleading users into thinking
that a sample set of conditions given here would be adequate for their problem.

Once a model with branch conditions has been run and the xfile016 and txtfilel6 files have been
generated, the xfile016 file is processed with a conversion utility that creates nodal parameters for core
simulators. For the PARCS nodal core simulator, GenPMAXS (PARCS cross-section conversion utility)
is used to generate PMAXS files that contain the required nodal parameters. ORNL has the T2N utility
that performs the same conversion for the NESTLE nodal code. It is possible for a user to generate a set
of branch conditions that is too complex to be processed with GenPMAXS or another conversion utility.
The computer time that it takes to run a SCALE/TRITON depletion calculation with branches is very
large. It is recommended that you set up a simple, fast running test case to avoid the risk of running a
SCALE/TRITON depletion calculation with a incompatible set of branches. The test case can be a
simplified lattice, such as 2x2 array or pin cell, which contains the full set of branches. You can then run
this simple 2x2 case for just a couple of depletion steps. Once complete, use GenPMAXS or another
conversion utility to convert the xfile016 file to required format. If the conversion succeeds for the test
case, you can feel confident in running the depletion calculations for a full lattice.

7.4 SAMPLE PROBLEM—MINI-ASSEMBLY WITH BRANCHES

For this example, the familiar mini-assembly problem will be used. In GeeWiz, open
minil 2fuel depl.inp and Save As minil 2branches.inp. Note that this example does
not use the Assign function, so that GeeWiz can be used throughout the demonstration. Because branches
will be added, the runtime will be much longer. The purpose of this problem is to show how the
SCALE/TRITON branch structure works, so only a couple of depletion steps are needed. Click Depl on
the left toolbar and then click Burnup from the Depletion Data Blocks window. Change the number of
Libraries from 5 to 2 and then click OK. Note that the depletion step size will not yield accurate
solution—it should be shorter in an accurate production calculation. Because this example simply
illustrates the use of branches, you can use any step size, but remember to use appropriately smaller step
sizes for production calculations.

Now navigate to the Geometry form for unit 10. Remember that unit 10 is the water cuboid in the
southwestern corner of the model. Change the Media in this cuboid from mixture 5 to mixture 15. This
only changes the mixture in the southwestern corner to another mixture number. Mixtures 5 and 15 are
identical, but this sample assumes that the empty cuboid in the southwestern corner will be replaced with
a control rod via the branch specification (this assumes the control rod is a square that entirely fills
unit 10).

Now click the Branch button from the left toolbar. The Branch Materials window will appear (Fig. 7.1).
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Fig. 7.1. Branch materials window.

In the Branch Materials window, first specify the materials that will be used for FUEL, MOD, CROUT,
and CRIN. The CROUT and CRIN variables specify the control rod materials when the control rods are
out and when they are in. SCALE/TRITON simply exchanges these materials for a
controlled/uncontrolled lattice. The reason that the media for unit 10 was changed from 5 to 15 is that
this example uses mixture 15 as the CROUT material. If mixture 5 was specified as the CROUT material,
then mixture 5 would be exchanged for control rod material everywhere in the model (around the fuel
pins in the other three corners), instead of only in the southwestern corner. You can add a material to the
fuel definition by using the material dropdown (middle) and then clicking the Add button. In the Branch
Materials window, specify mixtures 1 and 201 for FUEL, mixtures 5, 15, and 205 for MOD, mixture
15 for CROUT, and mixture 6 for CRIN. Note that mixture 15, the CROUT mixture, is specified in
CROUT and MOD. This is required for moderator perturbations (density, temperature) to occur to the
CROUT material, because it acts as a normal moderator when the control rods are out. The updated
Branch Materials window can be found in Fig. 7.2.
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r
Branch Materials M

FUELI 1201 A_dd“mix=205 pr=2 com="water rnoderE;I Remove | Imix=201 pn=1com="fuel,4.00% enl;l
MODI 515 205 n_dd“mix=201pn=1 com="fuel,4.00% a;l Remove | Imix=205 pn=2 com="water moderatll
CROUTI 15 A_dd“mix:ZUS pn=2 com="water modera;l Remove | Imix:lﬁ pn=2 com="water, control r:;l
CR_[NI 5 |A_dd||mix=205 pn=2 com="water moderELI Remove | Imix=6 pn=1 com="absorber, b4c' ;I

Branch States |
=900 tm=500 dm=0.8458 sb=900 ar=0

=900 tm=500 dm=0.9 sh=900 cr=0

=900 tm=500 dm=0.7 sb=900 cr=0

Add Branch EditBranch | Delete Branch| Delete All Branches I

OK | Cancel |

Fig. 7.2. Branch materials window with specified materials.

Now click the Add Branch button on the bottom of the form, and the Branch Mixture window will appear
(Fig. 7.3).

-
Branch Mixture = S— - — ﬁ

TF I - fuel temperature (K)
™ I -moderator temperature (K)

DM I - moderator density (gfom3)

SB I - soluble boron concentration (ppm boron)
CR IUHSPECiﬁEd "I - control rod state {out=0, in=1)

NOTE: The first branch specification must

describe the initial or reference condition,

and all parameters must be specified for
this branch.

0K I Cancel

Fig. 7.3. Branch mixture window.
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The first branch condition corresponds to the reference conditions: TF = 900 K, TM = 500 K, DM =
0.8458 g/em’, SB =900 ppm, and CR = out (0). The final Branch Mixture window for the branch 0
(nominal) conditions can be found in Fig. 7.4. If everything looks good, click OK.

Branch Mixture - ﬁ

1E =00 - fuel temperature (K)
500
™ - moderator temperature (K)
DM 0.8458 - moderator density {g/cm3)
900 )
SB - soluble boron concentration {ppm boron)

(oi=0 0ut(0) il - control rod state {out=0, in=1)

MNOTE: The first branch specification must
describe the initial or reference condition,
and all parameters must be specified for
this branch.

oK | Cancel

Fig. 7.4. Branch mixture window for nominal conditions.

After clicking OK on the Branch Mixture window, notice that the Branch Materials window has changed.
You can now see that a branch has been added to the Branch States box. Add two more branch states by
clicking Add Branch and following the same procedure. The next two branches are moderator density
branches so everything but DM is identical to branch 0. Add branches for DM = 0.9 g/cm’ and 0.7
g/cm’. The final Branch Materials window can be found in Fig. 7.5.
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["Branch Materials ‘ b - lér

FUEL| 1201 Add |m\x=105 pn=2 com="water modereﬂ Remove |mix=201 pn=1 com="fuel,4.00% enlj
MOD| 515205 Add |m\x=101 pn=1 com="fuel,4.00% Elj Remove |mix=205 pn=2 com="water moderatj
CROUT| 15 Add |m\x=105 pn=2 com="water moderej Remove |mix= 15 pn=2 com="Water, control rﬂ
CRIN | 1 Add |m\x=1t|5 pn=2 com="water modereﬂ Remaove |m|x=1 pn=1com="fuel, 4.00 % enruj

J Branch States |

=900 tm=500 dm=0.8458 sb=900 cr=0
=200 tm=500 dm=0.9 sh=300 cr=0
=900 tm=>500 dm=0.7 sb=300 cr=0

Add Branch EditBranch | Delete Branch| Delete AllBranches | I

OK | Cancel |

Fig. 7.5. Final branch materials window for the mini-assembly problem.

The model has three depletion steps: the first step plus two library updates between 0 and 1000 days. The
model contains the nominal branch and two moderator density branches. This example has a total of nine
NEWT transport calculations (three steps, each with three states); running this input file will take a
significant amount of computer time on a typical PC. Before running this problem, you need to add a few
other options, shown in the next section.
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8. ADVANCED INPUT FOR LWR LATTICE PHYSICS

There are a few more features that users need to understand before performing lattice physics analyses.
Most of these features will be applied to all lattice physics models, while one feature is primarily required
for BWRs. After completion of this section, you should be able to do the following:

o use the Collapse block to collapse fine-group structures to broad-group structures

e use the Homogenize block to specify materials whose cross sections will be collapsed by the
Collapse block

e use the ADF option to specify planes on which assembly discontinuity factors will be
calculated

e apply user-defined Dancoff factors to a BWR model

8.1 THE COLLAPSE BLOCK

The Collapse block is required for generating broad-group nodal parameters for reactor core simulators.
The Collapse block specifies energy group boundaries that SCALE/TRITON uses to collapse cross
sections to a reduced group structure. By collapsing the cross sections with the flux in each mixture,
SCALE/TRITON preserves the reaction rates of the fine-group solution in the broad-group solution.
Generally, LWR nodal core simulators use a two-group (fast and thermal) structure. To add a user-
specified energy group collapse to your problem, first enable Collapse in the NEWT logic parameters,
then click Collapse along the left vertical toolbar (the Collapse button will only appear after it has been
enabled in the NEWT logic parameters). To specify the typical 238G to 2G energy collapse, you will
need to use the checkboxes along the left side of the Collapse Block window to uncheck all the group
boxes excluding group 1, 200, and 239. Only boxes 1, 200, and 239 should have checkmarks next to
them, as seen in Fig. 8.1. Click OK. Users should note that if using the Parm=weight option in TRITON,
a 49-group library will be used for the transport calculation, and as such, a 49-group collapse should be
used rather than a 238-group collapse.
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r = - .
Collapse Block — -— - [
-
-~
I
[ Use predefined group structure | One Group (Select None) j
Group | Energy Boundary | Collapsed Group -
12z 9,500000e-001 1
D 193 9,250000e-001 1
D 194 9.000000e-001 1
[13s 3,500000e-001 1
D 195 3.000000e-001 1
D 197 7.500000e-001 1
D 198 7.000000e-001 1
D 199 ©,500000e-001 1
200 ©.250000e-001 2
D 201 5.000000e-001 2
D 202 5.500000e-001 2
D 203 5.000000e-001 2 '
D 204 4,500000e-001 2 B
1205 4,000000e-001 2
D 206 3.750000e-001 2 i
1 T - b
Collapse data | 199r1 39r2 e
4 2
oK | Cancel |
| T coT— . IJ

Fig. 8.1. The collapse window.

8.2 THE HOMOGENIZE BLOCK

SCALE/TRITON uses the instructions contained in the Homogenize block to homogenize cross sections
over space, usually in conjunction with an energy group collapse. Using the Homogenize function,
multiple mixtures can be homogenized into a single effective mixture that conserves the overall reaction
rates of the detailed lattice model. The Homogenize block is required for generation of lattice physics
cross sections. In the Homogenize block, the user specifies a homogenized mixture identifier, a
homogenized mixture description, and the materials for which cross sections will be homogenized. When
generating nodal parameters, all materials in the lattice model need to be specified in the Homogenize
block to properly homogenize the cross sections over the lattice. The responsibility lies with the user to
ensure that every material used in the model appears in the Homogenize block—SCALE/TRITON will
not warn you if you omit a material.

For an example, you will add an Homogenize block to the mini-assembly model. If
minil 2branches.inp is not already open, open it in GeeWiz now. Click Homogenize along the
left toolbar and the Homogenization Block window will appear. The mini-assembly problem contains
five different mixtures: two fuel, one clad, and two moderator mixtures. To add these mixtures to the
Homogenization Block, click Add on the Homogenization Block window. The Homogenize Record
window will appear with a list of available mixtures on the left and the homogenized mixture ID and
Label on the right. Leave the homogenized record ID as 500, and change the Label to mini2f
(meaning mini-assembly with two fuels). Now click the materials that are present in this mini-assembly
problem: 1 uo2,201 uo2,3 zirc4,5 h2o,and 15 h20. You do not need to specify the control
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rod material (6 b4c) that will be exchanged for 15 h2o in the model when control rods are inserted.
SCALE/TRITON automatically performs this exchange in the case that a branch has control rods
inserted. The final Homogenize Record window for this problem can be found in Fig. 8.2. Also, the final
Homogenization Block window can be found in Fig. 8.3. Click OK on the Homogenize Record window
and the Homogenization Block window when finished.

r B
Homogenize Record ﬁ

Mixture List
D 500

Label mini2f

Mote: A label can be no longer than 12
characters long, and cannot contain any
whitespaces, Whitespaces will be
replaced with underscares ().

(8] 4 Cancel

Fig. 8.2. Homogenize record window.
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Homogenization Block t “. - ﬁ1

Homogenize Data |
500 mini2f 1 15 201 3 5 end

Delete Al Add ‘ Edit | Delete |

0K Cancel ‘

h Tee— —a—

Fig. 8.3. Homogenization block window.

8.3 THE ADF BLOCK

The assembly discontinuity factor (ADF) is defined as the ratio of the heterogencous flux along the
assembly boundary to the nodal average flux. In addition to cross sections, the ADFs are passed to nodal
core simulators to satisfy the boundary conditions of certain homogenized nodes. In an actual reactor,
neutron flux is continuous between assemblies. In a nodal simulation, there is one homogeneous flux per
node, so the flux between two adjoining nodes is discontinuous. General Equivalence Theory replaces
the continuity of the homogeneous flux at the interface between two assemblies with a function of the
ADFs of the two adjoining assemblies. SCALE/TRITON ADFs only have meaning in reference to
homogenized regions that are specified in the Homogenize block. In order for SCALE/TRITON to
calculate ADFs, the model must have a Homogenize block with associated materials for which the ADFs
will be calculated.

To specify ADFs, click on the A.D. Factors button on the left toolbar and the Assembly Discontinuity
Factors window will appear (Fig. 8.4). The inputs for the ADF block are ADF type (assembly or
reflector), Assembly Hmog Id specified by ID and Label in the Homogenize block, Reflected Hmog Id
that is specified in the Homogenize block (only for reflector problems), and the locations for which North,
South, East, and West ADFs will be calculated. For a single assembly problem, the North, South, East,
and West ADFs are simply the locations of the global boundary. For the mini-assembly problem, enter
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Single Assembly for ADF Type; 500 mini2f for the Assembly Hmog Id; and 1.4, -1.4,1.4,
-1.4 for the North, South, East, and West ADFs (Fig. 8.4), and then click OK.

rAssemny Discontinuity Factors (ADF) ) L - r-? &11

ADF Type  |Single Assembly ~ -The type of ADF calculation to be performed.
Assembly Hmog Id= | 500 mini2f 2 - The ID assigned to the homogenized assembly

North= 14 - The y-ordinate of the north boundary of the assembly (typically this is ymax for the glabal unit)

South= 14 - The y-ordinate of the south boundary of the assembly (typically this is ymin for the global unit)
East= 14 - The y-ordinate of the east boundary of the assembly (typically this is xmax for the global unit)

West= -1.4 - The y-ordinate of the west boundary of the assembly (typically this is xmin for the global unit)

NOTE: The ADF will only have physical meaning if the homogenized set represents all mixtures in the assembly. Similarly, if a reflector
calculation is performed, the hmog_refi_id should represent the set of homogenized reflector mixtures

| oK —l Delete Cancel

— —

Fig. 8.4. Assembly discontinuity factors (ADF) window.

The mini-assembly model should now have Collapse, Homogenize, and ADF blocks. Execution of this
input file with SCALE/TRITON will generate xfile0!6 and txtfilel6 files that contain nodal data for the
mini-assembly lattice.

Before running this input file, there is one more thing that you should add. By default, SCALE/TRITON
does not copy the xfile016 and txtfilel6 files back to the return directory. Using a Shell command, you
can copy these files back to the return directory and rename them. Using the Shell command and
SCALE-defined environment variables TMPDIR and RTNDIR, you can copy any file in the temporary
directory back the runtime directory. To enter shell commands using GeeWiz, click Edit along the top of
the GeeWiz window and then click Edit Shell Commands near the bottom of the dropdown. The Shell
block will execute any DOS (Windows) or shell (Linux) system command that you specify before or after
execution of the SCALE/TRITON sequence. To copy the xfile016 and txtfilel6 files back to the runtime
directory, enter the following commands in the After end box:

copy $TMPDIR%\xfile016 $RTNDIR%\minil 2branches.x16
copy $TMPDIR%\txtfilel6 $RTNDIR%\minil 2branches.tl6

These commands will execute after the run is complete and will copy the xfile016 and txtfilel6 files from
the temporary directory back to the return directory with the file names minil 2branches.x16 and
minil 2branches.tl16, respectively. After you have entered the shell commands, you can click
Run to execute the problem. Note that this problem can take a significant amount of time to complete,
depending on the speed of your computer.

8.4 USER-DEFINED DANCOFF FACTORS FOR BWRS
Recent studies have shown that nonuniform lattice effects have a significant impact on the accuracy of the

results (eigenvalues, collapsed cross sections, etc.) that can be obtained using standard SCALE/TRITON
techniques for high-void BWR lattices. Fuel pins in the assembly corner, along the assembly edge, and
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adjacent to liquid water rods in high-void BWR lattices receive significantly more neutron moderation
than other fuel pins in the lattice.

The Dancoff factor (DF) provides an established means of quantifying resonance self-shielding effects
between fuel pins. A high Dancoff factor (near 1.0) indicates that resonance energy neutrons can easily
stream uncollided between fuel pins. A low Dancoff factor (near 0.0) indicates that most resonance
energy neutrons undergo a collision when passing between lumps. The SCALE latticecell treatment
assumes that a fuel pin lies in an infinite lattice of identical fuel pins with even spacing. With this
assumption, an analytical expression for the Dancoff factor is employed and applied uniformly throughout
the lattice [SCALE manual, Section M7.2.5.4]. For the aforementioned fuel pins, in an otherwise low-
moderated lattice, the uniform Dancoff factor overestimates the actual Dancoff factor. The effect of this
overestimation increases as the number of neutron energy groups is decreased. A more accurate,
location-specific Dancoff factor can be calculated using the SCALE module MCDancoff, which
computes Dancoff factors using Monte Carlo techniques with a simplified version of KENO-VI [SCALE
manual, Section M24].

The analytically computed Dancoff factor can be overridden using the dan2pitch option in the
latticecell input to apply user-defined Dancoff factors. However, in SCALE 6.0, the dan2pitch
parameter only applies to static calculations in TRITON, without depletion steps. SCALE 6.1 will have
the capability for a user to compute and apply user-defined Dancoff factors to TRITON depletion
calculations, with or without branches. The Dancoff factor changes as a function of moderator density so
the user-defined Dancoff factor should change for moderator density branches.

Figure 8.5 shows a Dancoff factor map for an 80% void BWR lattice. For this study, Dancoff factors for
gadolinium-bearing pins were not calculated. Note that the standard latticecell Dancoff factor computed
by SCALE for this 80% void lattice is 0.7063, where every fuel pin in this model actually has a lower
Dancoff factor due to the nonuniformity of the lattice.

0.2966| 0.4453| 0.4631| 0.4665| 0.4650| 0.4666| 0.4647| 0.4569| 0.4454| 0.3038

0.645| 0.668| 0.6698| 0.6671| 0.6623| 0.6588| 0.6622| 0.6426| 0.4411

G d 0.6786 G d 0.5601 G d 0.6241 G d 0.4644
80% Void GE14 Gd 0.5563 / \\. 0.5557| 0.6602( 0.4586

MIPLIB:  0.7063 0.4298 \v/ Gd 0.6595| 0.4618

0.4281| 0.5519| 0.6273 Gd 0.4551

Gd 0.6814| 0.6745| 0.4643

0.6867 G d 0.4644

0.6510| 0.4582

0.3069

Fig. 8.5. Dancoff factor map for 80% void GE14 lattice.
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After appropriate Dancoff factors are obtained, the user must edit the T-NEWT or T-DEPL input file and
add separate CENTRM cross-section processing blocks for all materials for which special Dancoff factors
will be used. Ideally, every fuel pin would have a separate Dancoff factor, but good results have been
obtained by grouping similar enrichment and similar Dancoff factor fuel pins along the lattice edge, in the
lattice corner, and near water rods. In each CENTRM cross-section processing block, the CENTRM
option dan2pitch (N)=DF should be used, where N is the fuel material number and DF is the user-

specified Dancoff factor.

After new DFs are applied to the CENTRM calculation, SCALE/TRITON can be run normally. A BWR
lattice test case was run using a void fraction of 80% in the fuel channel and solid saturated water in the
bypass and water rods. This test case used the TRITON PARM=WEIGHT option to generate a problem-
dependent 49-group cross-section library prior to the calculation. The standard latticecell calculated
Dancoff factors were used for one simulation while user-specified Dancoff factors were used for the
other. Throughout most of the depletion range, the difference in k;,r was 800—-1100 pcm, as plotted in
Fig. 8.6.

Infinite Multiplication Factor vs. Time for an 80%-Void BWR Lattice
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——MCDANCOFF DFs
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Fig. 8.6. Comparison of standard and user-specified Dancoff factors for a GE14 lattice.

Users can calculate accurate DFs using SCALE/MCDancoff. MCDancoff is a modified version of
SCALE/KENO-VI that runs a fixed-source simulation to calculate Dancoff factors. Currently, there is
not a good way to treat Dancoff factors of multiringed gadolinium-bearing pins; the current best practice
it to use standard SCALE XS processing technics that were previously presented in this document. To
use SCALE/MCDancoff, you should convert your TRITON/NEWT model to a SCALE/KENO-VI model.
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For further directions on using SCALE/MCDancoff and converting a NEWT model to a KENO-VI
model, see Appendix B.

Applying user-defined Dancoff factors to your model is relatively straightforward, but first you must
decide which fuel pins need special DFs. Generally, it has been found that fuel pins have similar DFs in
the lattice corners, along the lattice edge, and in the lattice interior (Fig. 8.7). The true DFs for fuel pins in
the lattice corners and along the lattice edges tend to differ from the CENTRM infinite-lattice Dancoff
factor by a relatively large amount. Instead of running a separate CENTRM latticecell calculation with a
user-defined Dancoff factor for every pin, you should group the fuel pin locations together in some way.
There are generally two levels of fuel pin grouping that are recommended for BWRs: (1) fuel enrichment
and (2) Dancoff factor. For all BWR and PWR fuel assemblies there should be a corresponding
CENTRM latticecell for each fuel enrichment. Within a same-enrichment group of fuel pins, you should
divide into separate subgroups of fuel pins that are located in the lattice corner, on the lattice edge, and in
the lattice interior. For example, if the lattice you are modeling contains a 2.00% enriched fuel pin in the
lattice corner and a 2.00% enriched fuel pin on the lattice edge, you need separate CENTRM latticecells
with user-specified DFs for both the corner and edge pins.

SIMILAR DFs!!!
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SIMILAR DFs!!!

Fig. 8.7. Fuel pin locations with similar Dancoff factors.

To add user-specified Dancoff factors to your model without branches, you can use GeeWiz or the text-
based input. To use GeeWiz to add user-specified Dancoff factors to a CENTRM calculation, first click
Cell Data from the left vertical toolbar. The Unit Cell Data window will appear (Fig. 8.8). You should
now click the edit centrm button along the top horizontal toolbar of the Unit Cell Data window. After
clicking edit centrm, the Centrm Data window will appear. In the right bottom portion of the window,
you will see a box named Dan2Pitch Factor. In the Dan2Pitch Factor box, you can select the Mixture
(fuel) and specify a user-defined Dancoff Factor for that mixture.
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Fig. 8.8. Centrm data window.

If the problem of interest is a depletion case or has branches and requires user-defined Dancoff factors,
you will have to use SCALEG6.1 and edit the text input file to apply user-specified DFs that are different
from the DFs in the nominal (branch 0) state. This occurs in BWR lattices that are depleted using a
certain void fraction (moderator density) and have moderator density branches that differ from the
nominal state. Dancoff factors for depletion calculations and DFs for different branches are both new

features in SCALE 6.1.

An example of the new SCALE 6.1 Dancoff factor features being applied to the branches of a

SCALE/TRITON input file is shown here:

read branch
define fuel

define
define
define
define
define

define

define

mod
crin
crout

d2pset
d2pset
d2pset

d2pset

$1£1240 $1£1280 $1£1320 $1£f1360 $1£1395 $1£1440 $1£1490
Sfueldd0 S$fuel240 $fuel280 $fuel320 S$fuel360 $Sfuel395
$fueld90 $1£f490gd700 $1£f440gd700 $1£f440gd800 $£490gd700

$£440gd700 $£4409gd800 $1f1440E S$fuel4d4OE

$fueld90E end

Smod

Scbpelin S$cbcladin $cbwingin

Scbout

100 140 0.360 280 0.360 320
449 0.560 499 0.560 end

80 140 0.300 280 0.300 320
449 0.460 499 0.460 end

40 140 0.230 280 0.230 320
449 0.340 499 0.340 end

1 140 0.175 280 0.175 320

449 0.260 499 0.260 end

185

S1f1490E

end
end
end

0.560 360 0.560 395 0.560

0.460 360 0.460 395 0.460

0.340 360 0.340 395 0.340

0.260 360 0.260 395 0.260



dm=0.7397 tf=863.15 tm=559.15 sb=1 cr=0 d2p= 1 end
dm=0.458432 tf=863.15 tm=559.15 sb=1 cr=0 d2p= 40 end
dm=0.177164 tf=863.15 tm=559.15 sb=1 cr=0 d2p= 80 end
dm=0.03653 tf=863.15 tm=559.15 sb=1 cr=0 d2p=100 end

end branch
The branch block begins with a read branch statement, followed by definitions for fuel, mod, crin,

and crout. Users can then define a “Dancoff factor set” (highlighted in yellow). The Dancoff factor set is
defined using the following syntax:

define d2pset ID Mix, DF, end.

where
ID = Dancoff factor set identifier—ID can be any number from 1 to 100
(-1 and 0 have special meanings),
Mix, = fuel mixture number,
DF, = Dancoff factor for fuel .

Mix, and DF, are defined pairs that can be specified as many times as needed. Mix, should be the fuel
mixture number that is used in the Cell Data latticecell calculation. Different Dancoff factor sets can be
defined for different moderator densities. These DF sets are then applied to branch conditions by using
d2p=ID (highlighted in blue), in addition to the other conditions for a given branch.

8.5 GENERATING REFLECTOR CROSS SECTIONS FOR NODAL SIMULATORS
USING SCALE/TRITON

In addition to nodal data for fuel bundles, nodal simulators also require data for the boundary of the
problem in both the radial and axial directions. SCALE/TRITON has the capability to generate data
needed for nodal simulator reflector cross sections. In order to generate reflector cross sections using
SCALE/TRITON, a typical fuel bundle model is used with additional regions(s). It is recommended that
a somewhat representative model be used (i.e., a PWR fuel bundle model should not be used to generate
reflector cross sections for a BWR). However, the process to generate reflector cross sections is similar
for both PWRs and BWRs.

The reflector model should be developed from a typical fuel bundle with an additional region or regions
added to the east side of the model. A region that is at least one fuel bundle in width is typically added.
Reflective boundary conditions are used for the north, west, and south boundaries, and a vacuum
boundary condition is used for the east boundary, as illustrated in Fig. 8.9, where the solid red lines
represent reflective boundary conditions and the dashed line on the east boundary represents a vacuum
boundary condition.
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Fig. 8.9. SCALE/NEWT representation of a model used to generate reflector cross sections.

Because there is no fissile material in the reflector portion of the model, the model does not require
depletion like typical fuel bundle models. One of the main difficulties in generating reflector cross
sections is the definition of the problem. The model represented in Fig. 8.9 is similar to the geometric
configuration of a fuel bundle on the core radial periphery. However, for core axial periphery, the
physical configuration is that of a fuel bundle followed axially by a region of structural material and
water, as illustrated on the left in Fig. 8.10. However, because NEWT is a 2-D code, the fuel bundle and
axial reflector must be approximated by placing the water and structural material to the east side of the
fuel bundle model, as seen in Fig. 8.9 and on the right side of Fig. 8.10.

Fig. 8.10. SCALE/KENO-3D representation of the true top axial reflector configuration (left) and the
approximated configuration in NEWT (right).

In addition to approximation of the geometry due to 2-D geometry limitations, the definition of the
materials in the axial reflector region can be somewhat difficult. The physical structure of the materials
above and below the active fuel regions is typically approximated by homogenizing structural material
with water. Accurately defining the amount of structural material is difficult because the geometry is
often complex and the information on the geometry can be somewhat difficult to find. The bottom axial
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reflector might contain some material from a core support plate and a fuel bundle inlet nozzle. The top
axial reflector might contain a region of fuel cladding material filled with gas to represent the fuel
plenum, and other structural materials such as the bundle handle. It is standard practice to use a
homogenized mixture of water and structural material for these regions.

8.5.1 Generating Homogenized Materials for Reflector Cross-Section Generation

In generating the reflector materials, the primary goal is to estimate the mass of the structural materials as
accurately as possible. If the volume of various structural materials above and below the fuel bundle is
unknown, a reasonable approximation is to assume that the fuel clad material (filled with void) and the
other structure materials (water rods and channel box) extend the width of one fuel bundle. Control
blades are not typically modeled for reflector cross sections, so they can be removed from the model. In
order to generate a homogenized material for a BWR fuel bundle, the volume of four different regions
should be calculated: the in-channel moderator, the out-channel moderator, the plenum gas volume (fuel
volume), and the structure volume.

The easiest way to calculate these mixture volumes is to use the fuel bundle model that will be used as the
neutron source for the reflector problem. Before any reflector geometry has been added, run the fuel
bundle model using the NEWT parameter “run=no”. By setting the run parameter to “no” in the NEWT
parameter block, the model will run through all calculations required for the transport calculations, but
will terminate without running the transport calculation. Then search for “Mixture Volumes” in the
output file; below these keywords, a table of various mixture volumes in the NEWT model will be listed
in units of cubic centimeters per unit length.

Using the previously developed BWR fuel bundle problem (Sect. 5.6.4), run the model using “run=no” in
the NEWT parameters and then search for the mixture volumes table in the output file. For this model,
the mixture volumes table has been reproduced below:

Mixture Volume Volume

ID (cc/unit length) Fraction
0 0.00000E+00 0.00000E+00
1 5.73341E+01 2.41753E-01
3 3.68888E+01 1.55544E-01
5 7.01110E+01 2.95627E-01
7 7.28262E+01 3.07076E-01

Total 2.37160E+02 1.00000E+00

Using the information in the mixture volume table, there are a number of ways to construct a
homogenized mixture. The most straightforward method is to simply use the volume fractions for each
mixture and the actual mixtures used in the input file. Mixture 1 is the fuel mixture, so it should be
changed to a mixture that is typical for a plenum; in this example, helium is used. Also, it is easiest to
construct this particular mixture by using the text-based input, rather than GeeWiz. Below, the five
mixtures that will be homogenized have been listed in the SCALE text-based input format:

he 1 den=2.2218E-4 1.0000 900 end
zirc4d 3 1 540 end
h2o 5 den=0.8458 1 500 end
boron 5 den=0.8458 0.0009 500 end
h2o 7 den=1 1 300 end

Currently, these mixtures all have different mixture numbers, and different temperatures, but they should
all be changed to the same mixture number (mixture 100 in the example below) and same temperature
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(the moderator temperature). The current volume fraction of each composition should be multiplied by
the volume fraction specified in the mixture volume table from the output file:

he 100 den=2.2218E-4 2.41753E-01 500 end
zircd 100 1.55544E-01 500 end
h2o 100 den=0.8458 2.95627E-01 500 end
boron 100 den=0.8458 2.66064E-04 500 end
h2o 100 den=1 3.07076E-01 500 end

This mixture specification can then be used as the homogenized mixture for an axial reflector. The one
complication to remember is that the density of the water in the axial reflector can change for BWR and
PWRs. For a PWR, the water density changes with temperature, and in a BWR the water density changes
as a function of axial position. In a BWR, the bottom axial reflector water will have an in-channel
moderator density corresponding to saturated liquid, however, for the top axial reflector, the in-channel
moderator density corresponds to the exit void fraction.

Material specification is easier for radial reflectors. No homogenization or major approximation is
typically needed, but the additional reflector region might require extra regions such as a baffle or core
barrel. The geometry specification for radial reflectors can be more complicated, but the materials should
be easier to define than axial reflectors. The following sections describe how to set up SCALE/TRITON
reflector models for both a radial reflector and an axial reflector.

8.5.2 Adding a Radial Reflector to the BWR Fuel Bundle Model

Using the previously generated BWR fuel bundle model (Sect. 5.6.4), add an additional region on the east
side of the model that will serve as a radial reflector. There is a core barrel separating the bypass and
downcomer regions. This cylindrical barrel has an inner radius (R) of 260 cm and a thickness of 3 cm
and is composed of stainless steel 304L. From the center of the core, there are 15 fuel bundles to the core
edge (Y), and one flat side of the core contains 14 fuel bundles (W). The aforementioned dimensions are
labeled in Fig. 8.11. The difficulty in generating the radial reflector model is adequately modeling the
core barrel and any other structure that is cylindrical. To generate a reflector model that corresponds to
the conditions that the “average” bundle on the periphery experiences, the average distance from the edge
of the fuel bundles to these cylindrical surfaces should be calculated. The distance from the center of the
reactor to the edge of the resulting flat surface is given by H in Fig. 8.11. To calculate H, which is the
average distance to the cylindrical surface, for a given flat-side width (W) and structure radius (R), use
the following equation:

H= ik
T 6R2 (QSin_l [%] —sin [QSin_l [%H )
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Fig. 8.11. Visual representation of the dimensions and procedure used to generate radial reflector
dimensions.

The distance from the edge of the fuel bundle to the inner surface of the cylindrical structure is given by
H-Y. Use the bundle dimensions for the BWR assembly model in Sect. 5.6.4, Y=231.0 cm, W=215.6
cm, and from the previous equation, H=246.0. The distance from the edge of the fuel bundle to the inner
surface of the cylindrical structure is 15.0 cm (H-Y =246.0 — 231.0 = 15.0).

To construct the reflector model, first Open the problem named assemblyl wr box.inp from Sect.
5.6.4 and Save as assemblyl wr box radref.inp. Now add an additional water composition. The
same mixture as the standard out-channel water cannot be used for reflector problems. Copy mixture number
7 to mixture number 102. The mixture numbers are not important; any mixture number can be used as long
as it is not used elsewhere in the model. For the core barrel stainless steel, the previously generated mixture
for SS304L will be used. After successfully adding the radial reflector water mixture, add it to the list of
NEWT materials. Click on the Materials button along the left vertical toolbar and Add Mixture 102 with a
scattering order of PN=2 (Fig. 8.12).
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Fig. 8.12. Radial reflector example NEWT materials.

Now open the geometry form by clicking Geometry from the left vertical toolbar. Navigate to the global
unit definition. Add an additional cuboid the to the global unit definition that will serve as the new
boundary. There is no need to change the current fuel bundle boundary (cuboid 10); simply add an
additional larger cuboid to bound the additional geometry. Click Cuboid from the right toolbar and add a
cuboid with a label of 20, and boundaries of 25.7,-7.7, 7.7, and —7.7. The positive x-dimension is
now 25.7 cm, which includes the 15 cm from the fuel bundle boundary to the inner surface of the
cylindrical structure, plus 3 cm for the thickness of the cylinder (Fig. 8.13).
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Fig. 8.13. Radial reflector example global unit definition.

Once the cuboid that will serve as the global unit boundary has been added, add a media specification for
the new global unit, which should be outside body 10 and inside body 20 and filled with media 102 (the
newly added out-channel water), as seen in Fig. 8.14. Then change the Boundary Conditions so that
body 102 is the global unit boundary. Also change the global unit grid spacing to 22 in the x-direction
and 11 in the y-direction. Additional grid spacing is needed in the x-direction because the model has
more than doubled in size. Also change the global unit boundary so that the x-boundary has a Vacuum
condition and other boundary conditions are Mirror (Fig. 8.14).
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Fig. 8.14. Radial reflector example bounds data.

Before moving forward, it is a good idea to check that everything looks okay in the model. Add
Parm=check to the problem parameters, then Run the model. Once the run is complete, open the output
file to make sure there are no errors, then open assemblyl wr box radref.newtmatl.ps in
GhostView. The model should have an additional block of water on the east side of the assembly as
shown in Fig. 8.15).
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Fig. 8.15. SCALE/NEWT representation of the radial reflector model without the SS304L structure.

If the model appears correct and there are no errors noted in the output file, add the SS304L cylindrical
structure. There are multiple ways to add the SS304L block to the model, but it is typically easiest to add
it as a separate unit, and then place in the global unit using a hole. Using this technique, it will be easier
to adapt this model to suit a different reactor type. With the model open in GeeWiz, click Geometry to
open the geometry form. Then click New to add a new unit, give the unit a descriptive comment, and use
300 for the unit number. Add a cuboid whose label is 10, and extends from 3.0 to O in the
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x-dimension, and 7.7 to =7.7 in the y-dimension. Then fill the unit with media 4 (SS304L). The
final Geometry Form for unit 300 can be found in Fig. 8.16.
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Now insert unit 300 as a hole into the global unit at a position of x=22 . 7 (Fig. 8.17).

=

Fig. 8.16. Geometry form for the SS304L cylindrical structure in the radial reflector.

195



A& File View Edit Window Setup Help Import HEE
= 0 i A | a8 | EB ] ?
ng—lma‘ ey Open Save Run Output | Plats | Javapeno| HTML | PlotOpus Help
= B B2 X Fal
s el el xal
Compositions
& Comment Ilad|a\ reflector glabal unit '
Cell Data Cuboid | Hoooer | He P
Select unit |mn [global urit] |
T
Par1ers £ RHecD| Pents | Cone
[¥ Global Urit Boundary 45&
Conditions &
Unit 100 Geometry s =) @
M‘S;a‘s boid2 63 6.3 63 63 o P? S
cuboid 2 6.3 6.3 6.3 6
;%2 cubid 4 5.4 B4 6.4 £4 2 “"za %
Hometize cubaid 6 6.6 66 66 66
cubaid 10 7.7 77 7.7 7.7 o | - @
[ g { cubcid 20 257 7.7 7.7 1.7 WO (iéflertior |0 g@a S | Wit
4.0 Factors )
rg7d FRhomb SQE %ﬂ\a
v Planes
—— Rotate [0
TITE Contents .
ot Bz Copy | Pelete | FEdit | % v
hole 107 onigin #=2.1 y=2.1
=i hole 201 origin #=5.6 y=5.6 Orign  [22.7 v
Gedmetry hele 201 origin #=5.6 y=5.6 rotate a1=80
hele 201 origin #=5.6 y=56 rotate a1=180
M h 5.6 rotate_al=270
iters \ & | [&m]
media 314 46
FEC T ] media 716 +10
M media 102 110 +20
& boundary 20 2211
Definitions
System
Responses)
CD::M%E
<HTML>
Ready NUM A

Fig. 8.17. Final global unit geometry from for the radial reflector model.

Before the radial reflector model is complete, some additional features need to be added. First click
Collapse to collapse the data into two groups (outlined in Sect 8.1). Then click Homogenize to specify
the needed homogenized regions. The homogenize function is outlined in Sect. 8.2, but this application
of the homogenize block is slightly more complex than the example in Sect. 8.2. Two homogenized
regions will now be specified; one region contains all the fuel bundle mixture numbers (1, 3, 5, and 7),
and the other contains all the reflector mixture numbers (4 and 102), as seen in Fig. 8.18. The
homogenize ID can be any number that is not a mixture number in the problem and not another
homogenize ID; this examples uses 998 for the reflector region and 999 for the fuel assembly. The final
Homogenize Block dialog box is shown in Fig. 8.18.
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Fig. 8.18. Final Homogenize Block dialog box for the radial reflector example.

Now add assembly discontinuity factors to the model by clicking the A.D. Factors button along the left
vertical toolbar. The Assembly Discontinuity Factors (ADF) dialog box will appear. Use
Reflected Assembly for ADF Type, 999 for the Assembly Hmog Id, 998 for the Reflected
Hmog Id, and 7. 7 for the East ADF (Fig. 8.19).
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Fig. 8.19. Final Assembly Discontinuity Factor dialog box for the radial reflector example.

Now run the model with Parm=check to check and plot the model. The SCALE/NEWT representation
of the radial reflector model can be found in Fig. 8.20.
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Fig. 8.20. SCALE/NEWT representation of the radial reflector model.

After running the model, the xfile016 and txtfilel6 files will contain the nodal data for the reflector region
in the first block of data. As with nodal data for a fuel lattice, the data can be processed and reformatted
for use in nodal simulators.

8.5.3 Adding an Axial Reflector to the BWR Fuel Bundle Model
Generating nodal data for axial reflectors is very similar to the process used for the radial reflectors.

Typically, at least the width of one fuel bundle is modeled on the east side of the assembly and a
homogenized mixture similar to the one described in Sect. 8.5.1 is used to represent a mixture of
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moderator and structural material. For this example, add a top axial reflector to the fuel bundle model.
Start with the problem from Sect. 8.5.2, and modify the radial reflector to be the size of one fuel bundle in
width, remove the stainless steel cylindrical structure, and change the reflector mixture to the mixture
generated in Sect. 8.5.1.

The simplest way to add the homogenized mixture from Sect. 8.5.1 to the model is to copy and paste it
into the model using the text-based input, but the same mixture can be constructed in GeeWiz. With
assemblyl wh box radref.inp open in GeeWiz, click Save As and name the file
assemblyl wh box topref.inp. Add the homogenized mixture to GeeWiz using the same
mixture number for multiple standard compositions, and use the volume fraction to specify the correct
volume of each separate standard composition. The final Standard Basic Compositions window is
shown in Fig. 8.21 with the homogenized axial reflector material as mixture number 104. Specification
of multiple instances of a basic standard composition with the same mixture number is allowed, as seen in
Fig. 8.21 where “h20” is specified twice.

'ﬁ- Standard Basic Compositions E@
Deelete]
88 88 88 56 | | aeeer | o
Basic Solutions | Compounds| Wt % Mix Create Edit Edit Alias Comp | Copy
Name | Mx|ROTH | vF | ADEN | Temp(k) | 1ZA | Fname |-
h2o 15 08458 1 500
boron 15  0.8458 0.0009 500
+ uo2 22 104048 094 900 92234 0.005407837
gd2o3 22 104048 0.06 900
+ uo2 32 104048 094 900 92234  0.005407837
gd2o2 32 104043 0.06 900 i
+| uo2 42 104048 0.94 900 92234 0.005407837
gd2o3 42 104048 0.06 900
h2o 102 0.8458 0.295627 500
boron 102 08458 0000266064 A
IMIEI-E_-_ ]
zircd 104 0155544
h2o 104 08458 0.295627 500
boron 104 08458 0000266064 500
h2o 104 1 0307076 500 -

Fig. 8.21. Standard basic composition mixture for the homogenize top axial reflector.

Now add the homogenized mixture to the list of NEWT materials by clicking the Materials button along
the left vertical toolbar. Add mixture 104 to the list of materials with PN=2, as seen in the Material
Mixtures dialog box in Fig. 8.22.
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Fig. 8.22. Standard basic composition mixture for the homogenize top axial reflector.

Once the axial reflector material has been added, modify the geometry and add the mixture to the model.
First, click Geometry from the left vertical toolbar and navigate to the global unit. Cuboid 20 should be
the boundary cuboid — change the definition of cuboid 20 such that the positive x-boundary is 23.1 (7.7
+ 2*7.7), which corresponds to one fuel bundle width. Then Delete hole 300 to remove the stainless steel
cylindrical structure from the previous model. Unit 300 may remain in the input file because the unit only
appears in the model if placed in the global unit. Now modify the media statements to include media 104,

rather than media 102. The final global unit geometry form can be found in Fig. 8.23.
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Fig. 8.23. Final global unit geometry form for the top axial reflector model.

Once the model is complete, Run the model using Parm=check. Then inspect the output file to ensure
there are no errors. Also open the postscript files to plot the geometry. The model should look like the
SCALE/NEWT representation in Fig. 8.24. After running the model, the xfile016 and txtfilel 6 files will
contain nodal data required for the axial reflector.
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Fig. 8.24. SCALE/NEWT representation of the top axial reflector model.

203




8.6 SCALE/TRITON ACCELERATION TECHNIQUES FOR LWR LATTICES

Users of SCALE/TRITON have many acceleration options at their disposal. Some options have been
previously mentioned in this primer, but others have not. This section of the SCALE/TRITON primer
compiles the already-mentioned acceleration options with various other options that users can utilize to
accelerate an LWR problem. Although this section and this primer focus on applications related to LWR
lattices, these same techniques can be applied to other applications as well.

SCALE/TRITON depletion calculations consist of three parts: cross-section processing calculations
(CENTRM/PMC or NITAWL), transport calculations (NEWT or KENO), and depletion calculations
(COUPLE/ORIGEN). Because this primer is focused on the t-dep! sequence of SCALE/TRITON,
acceleration options for NEWT are discussed in depth. Also, NEWT typically requires more CPU time
than other modules in the TRITON depletion sequence, so the most significant acceleration can be
accomplished here. The acceleration techniques for NEWT can decrease CPU time in both NEWT
steady-state calculations (z-newf) and depletion calculations (¢-depl). Some acceleration techniques are
only available in #-dep! depletion calculations, but these techniques will often accelerate the NEWT
transport portion of the depletion calculation. This section has been broken into two main sections:
acceleration techniques for NEWT and acceleration options available in depletion calculations.

8.6.1 Acceleration Techniques in NEWT

A good way to test various acceleration strategies in NEWT is to construct an identical KENO MG
model. The NEWT and KENO model should use the same cross-section libraries and identical cross-
section processing. The only major difference between the models will be the transport solution. By
comparing the NEWT solution to the KENO MG solution, users can evaluate the impact on accuracy of
various acceleration techniques. Ideally, the solutions would be equivalent, within the convergence
criteria of NEWT and estimated statistical deviation of KENO.

Grid spacing in NEWT

Decreasing the number of grid cells in NEWT is a possible way to decrease runtime. In general, at least
4x4 grid spacing, is recommended for each pin cell. NEWT requires that each body be cut by at least 1
grid line, so there is a limit on the coarseness of grid spacing. Using 4x4 grid spacing for each fuel pin
cell and defaults for other parameters will generally result in a solution that is ~100 pcm from a
corresponding KENO MG solution. Increasing the grid spacing (i.e., more cells) will decrease the bias,
but at a cost to computer time. Doubling the grid spacing will slightly more than double the number of
cells, and will therefore result in a CPU time increase of slightly more than double. Figure 8.25 shows a
NEWT representation of a BWR mini-lattice problem with 4x4 (left), 8x8 (middle), and 12x12 (right)
grid spacing. The mini-lattice problem ran in 99, 199, and 342 seconds with a bias from the KENO MG
solution of 116, 81, and 25 pcm, respectively.
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Fig. 8.25. Three examples of NEWT global unit spacing.

Even-numbered grid spacing for each pin cell is recommended; an odd number of grid cells for a single
pin tend to result in a slightly larger bias than even-numbered grid spacing due to the way the grid lines
segment the cell. This effect is reduced as the grid spacing is increased and is not present with grid
spacing greater than 10x10 for each pin cell. As an example, using the model in Fig. 8.25, the grid
spacing was refined from 2x2 to 13x13 and the results are plotted in Fig. 8.26 with the KENO MG
solution plotted as a thick black line. In terms of ki, the results using 4x4 grid spacing are roughly
equivalent to 7x7 grid spacing, but the 4x4 grid spacing case runs significantly faster than the 7x7 case.

NEWT CPU Time vs. Grid Spacing
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Fig. 8.26. NEWT CPU time as a function of grid spacing for the mini-assembly model.

Constructing an optimized NEWT grid

It is important that users understand how to construct an efficient and optimized NEWT grid. Extraneous
grid cells can increase the amount of computational time required without making a significant
contribution to the solution accuracy. For example, in NEWT it is possible for each unit in the model to
have a subgrid structure in addition to the global unit grid. If this subgrid spacing is not optimized for the
global unit grid, then many extra cells will be constructed in the model. Figure 8.27 shows a NEWT
representation of a mini-assembly model using three types of subgrid spacing; the figure on the left shows
a model with no subgrid, the figure in the center shows the northeast fuel pin with 4x4 subgrid, and the
figure on the right shows the northeast fuel pin with poorly chosen subgrid.
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Fig. 8.27. Three examples of NEWT subgrid spacing.

If a subgrid is used on the fuel pins, it is preferable that it line up exactly with the global unit grid, as
shown in the center of Fig. 8.27. The figure on the right has a poorly-chosen subgrid in which many
small extraneous cells are created due to the subgrid. These small cells do not increase the solution
fidelity and will only increase the computation time required. The model on the left with no subgrid
required 32 seconds of CPU time, the model in the middle required 40 seconds of CPU time, and the
model on the right required 51 seconds of CPU time, but all solutions were within a range of 20 pcm.

If a subgrid is used on each unit cell in a full lattice model, it is likely that many extraneous cells will be
created. This is common for both BWR and PWR lattices whose lattice pitch is not an even multiple of
the unit cell pitch. Using only a global unit grid is recommended unless higher solution fidelity is
required in certain fuel pins. Using a grid only on the global unit will minimize extraneous small cells
and will generally allow specification a more optimized CMFD mesh. For example, a good choice of
global unit grid spacing for a full 17x17 PWR lattice would be 68x68 (17*4). Choosing a global unit grid
for a BWR is slightly more difficult because the fuel pins do not extend to the boundary of the model.
Generally, the distance between the boundary of the BWR lattice model and an edge fuel pin is
approximately the width of one pin cell, so a user can specify a reasonable global unit grid using two plus
the number of pins in one row of the lattice times four. Using a 10x10 BWR lattice as an example:

(10 fuel pins in each row + 2 pin pitches for distance from the edge pin to the boundary
of the model) x (4 grids per pin pitch) = 48 grid cells in the global unit.

A test case using a GE14 fuel bundle was constructed. In one model, the fuel pins were placed using a
lattice and subgrid spacing of 4x4 for each pin cell and a global unit grid of 48x48. In the other model,
each fuel pin (no square boundary on each pin) was placed using a hole in the global unit with global unit
grid spacing of 48x48. A NEWT representation of the two models can be found in Fig. 8.28 with the
model using the lattice on the left and the model using the holes on the right (only the northwest quadrant
of each model has been plotted). The model using a lattice and subgrid spacing (on the left of Fig. 8.28)
has many additional computational cells because the subgrid and global unit grid are not collinear. The
reduction in computation cells in the model using holes to place fuel pins has a significant impact on CPU
time; in this case, the model completed in approximately %4 the time required for the model using a lattice
and subgrid spacing with a difference of ~90 pcm.

Caution should be used for multi-ring burnable absorber fuel pins as asymmetrically cutting these pins by
grid lines could have a larger impact. Using subgrid spacing on only those pins will minimize this
impact. If CPU time is a concern, use holes to place the fuel pins and a grid only on the global unit.
Ensure that all multi-ringed burnable-absorber fuel pins have a grid line passing through the central
region, and if not, apply subgrid spacing on that unit.
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Fig. 8.28. SCALE/NEWT representation of the northwest quadrant of a GE14 fuel lattice using
a lattice to place fuel pins with subgrid spacing and using holes to place pins with no
subgrid spacing.

CMFD acceleration in NEWT (Sect. 4.6.2)

Coarse-mesh finite-difference acceleration is a common acceleration technique used in lattice physics
codes. As the name suggests, it uses a low-fidelity solution to accelerate the high-fidelity solution. An
example using the NEWT CMFD solver can be found in Section 4.6.2. CMFD acceleration should be
used for all lattice physics calculations. Using CMFD will not make the problem converge to a different
solution, it will only make convergence to the solution faster. In general, it is recommended that users
apply CMFD acceleration on the global grid and make the CMFD grid cells approximately the size of one
fuel pin unit cell. For example, in a full 17x17 PWR fuel lattice model with 4x4 grid spacing for each
pin, a global unit grid would consist of 68x68 total grid cells (17 pins * 4 grid cells = 68 total grid cells on
the global unit). Then the CMFD parameters, xycmpfd, should be set to xycmfd=4, specifying four fine
mesh cells for every one coarse mesh cell in both the x- and y-direction.

Angular quadrature in NEWT

As with grid spacing, increasing the angular quadrature in NEWT will increase the CPU time to obtain a
solution. The default in NEWT is a level symmetric quadrature set with 6 angles (sn=6), which is
recommended for LWR calculations. This default will generally provide reasonable solutions compared
to KENO MG calculations. Increasing angular quadrature will result in solutions that are closer to the
KENO MG solution at a penalty to CPU time. Decreasing the angular quadrature to a level symmetric set
with fewer than six angles generally yields poor results for LWR configurations. Separately specifying
the number of polar and azimuthal angles is possible in NEWT, and could potentially be used to decrease
the CPU time, but extensive studies for LWRs have not been performed, because the default (sn=6)
typically works well for LWR calculations. Although extensive studies have not been done, higher order
quadrature might be necessary for very detailed and accurate determination of pin powers.
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Convergence Criteria in NEWT

Users can control the convergence criteria in NEWT, so it is possible to relax the convergence criteria in
order to decrease the CPU time required. In general, the eigenvalue converges much faster than the flux.
Relaxing the convergence criteria of the flux will result in faster solution convergence. However,
relaxing the convergence criteria of the flux can have an impact on the accuracy of depletion calculations
and nodal data generated with SCALE/TRITON. If only the eigenvalue is of concern, users can relax the
flux convergence criteria to decrease CPU time. For depletion calculations, the default values in
SCALE/TRITON should be used. One common way to decrease computer time is to use convergence-
by-mixture (converge=mix) option instead of the SCALE/TRITON default, which is convergence-by-cell
(converge=cell). This option can significantly decrease CPU time required for problems that have large
regions of the same mixture, problems that have many small cells, or problems that have low-flux regions
(reflector problems).

Multi-threading on multicore processors

The NEWT transport solver has the ability to utilize multiple threads on a multicore processor. This can
significantly decrease the wall-clock time necessary to run NEWT calculations. This option is currently
only available for NEWT, so CENTRM and other modules in the SCALE/TRITON sequence will run on
only one thread. It is also currently only available when calling SCALE using the command line; this
feature is not supported in the GeeWiz graphical user interface. To use this feature on the command line,
use the “-I” command line option followed by the number of threads on which the calculation will run.
The following command uses four threads and prints messages to the screen:

>> Dbatch6.1 -I 4 —m testl.inp

A full list of the command line options available in SCALE can be found by typing “batch6.1” at the
command prompt with no additional options or input files. Remember that if using multiple threads on a
multicore processor, other software will be competing with SCALE for resources, so other software may
run slower than normal.

8.6.2  Acceleration Techniques for Depletion Calculations

SCALE/TRITON executes a number of COUPLE/ORIGEN-S calculations to perform depletion of fuel
materials. These depletion calculations run quickly and require little CPU time, so there is little time to
be gained in the depletion calculations themselves. However, there are additional options available in the
SCALE/TRITON depletion sequence (¢-depl) that are not available in the transport sequence (¢-newr) that
can accelerate the overall solution.

Parm=weight for reduced group structure calculations (Sect. 6.2.2)

The parameter option “parm=weight’ is a commonly used option used to accelerate the NEWT transport
calculations performed during SCALE/TRITON depletion. The parm=weight option utilizes a single
238-group transport calculation performed at BOL to collapse the 238-group cross-section library to a
problem-dependent 49-group cross-section library. Subsequent transport calculations performed during
depletion then use the 49-group library, thus decreasing the NEWT CPU time by 4-5 times. The
significant decrease in CPU time typically comes with a slight penalty to solution fidelity, referred to as
the collapsing bias. The collapsing bias can be checked by searching for “k-eff =" in the output file and
recording the eigenvalues for the collapsing step and for the time=0 step as follows:

>> grep "k-eff =" testcollapse.out
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k-eff = 1.05156060 Collapsing Sol'n
k-eff 1.05182796 Time= 0.00d

In this case, the collapsing bias is 27 pcm, which would be acceptable for most problems. Generally, if
proper self-shielding is applied to all fuel pins including user-defined Dancoff factors, the collapsing bias
will be less than 100 pcm. For highly heterogeneous lattices in which accurate self-shielding is difficult,
the collapsing bias can be larger than 100 pcm, especially for high-void BWRs. Using the parm=weight
parameter for depletion calculations is recommended, but the collapsing bias should be checked to ensure
that it is sufficiently small for the problem of interest. Because the 49-group structure is optimized for
LWRs, larger biases could be observed for different spectra systems. Also, before extensively using the
49-group library for depletion calculations, isotopes of interest should be check at EOL to ensure that no
major discrepencies are observed when compared to the 238-group library.

Assign function for reduced cross-section processing (Sect. 6.3.2)

Using the “assign” function available in SCALE/TRITON depletion calculations can significantly reduce
the cross-section processing time required for accurate depletion calculations. In an LWR lattice, each
fuel pin should be depleted separately; in other words, the isotopic concentration of each pin should be
tracked separately from all other non-symmetric fuel pins. This can be done in SCALE/TRITON by
specifying a different mixture number for each non-symmetric fuel pin. Before SCALE 5.1, each fuel
mixture needed corresponding cross-section processing for accurate depletion calculations, making the
cross-section processing step a significant contributor to the total CPU time. In SCALE 5.1, the assign
feature was introduced that, when implemented properly, performs cross-section processing on an
“average” mixture and updates microscopic cross sections of each fuel mixture accordingly. The assign
function introduces almost no bias in depletion calculations and can significantly reduce CPU time
required in lattices that have many fuel pin types. Using the assign function is always recommended for
depletion calculations.

The number of depletion steps required for accurate calculations

The question of the number of depletion steps, or the depletion step size, is a common question to which a
reliable answer is difficult to define. In terms of BWR lattices, the number of depletion steps required for
accurate simulations is highly dependent on the number and content of gadolinia-bearing burnable
absorber fuel pins in the lattice. For lattices that contain burnable absorber fuel pins, the depletion step
size should be small at the start of the calculation when gadolinia concentration is changing rapidly, and
increase in size as the calculation progresses past peak reactivity.

Using the mini-assembly model (Fig. 8.25), a depletion step convergence study was conducted. Constant
depletion step sizes were used for the first 30 GWd/MTU, varying in size from 0.039 GWd/MTU to
5 GWd/MTU. The infinite multiplication factor at 20 GWd/MTU (near peak reactivity) was compared
for each case. Generally, peak reactivity is the point at which the largest bias occurs. For this
comparison, the simulation utilizing 0.039 GWd/MTU steps was used as a reference case. The difference
in the infinite multiplication factor at 20 GWd/MTU has been plotted as a function of depletion step size
on the primary axis in Fig. 8.29, and the total number of depletion steps has been plotted on the secondary
axis. As seen in Fig. 8.29, the eigenvalue bias at peak reactivity is highly dependent on the depletion step
size. Steps larger than 1.0 GWd/MTU should not be used before peak reactivity for gadolinia-bearing
lattices. The burnup at which peak reactivity occurs varies as a function of gadolinia content, so it is
impossible to give a depletion step scheme that is adequate for all scenarios. Decreasing the number of
depletion steps can be used to accelerate depletion calculations, but it should be done with caution
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because large depletion steps can result in significant biases. Generally, a depletion step

GWd/MTU is acceptable past peak reactivity burnup.
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Fig. 8.29. Eigenvalue bias from the reference solution at 20 GWd/MTU for varying depletion step size.

The number of rings required for fuel pins containing burnable absorber

A burnable absorber fuel pin, like those common to BWR fuel bundles, should be depleted using multiple
rings to properly capture the radial depletion of gadolinia. In order to illustrate the importance of the
number of rings in burnable-absorber fuel pins, the number of rings used in the mini-assembly model
(Fig. 8.25) was varied from 1 to 25 volume-equivalent rings. The solution using 25 rings was considered
a reference solution. The difference in eigenvalue compared to the reference solution at a burnup of
20 GWd/MTU was plotted as a function of the number of rings in Fig. 8.30. As the number of rings
increases, the bias from the reference solution decreases with diminishing returns past five rings. The
CPU time increases linearly with the number of rings. Using five rings rather than 25 rings for burnable
absorber fuel pins results in a maximum bias of ~100 pcm at peak reactivity for this configuration. Other
problems using a different gadolinia concentration might have different results. Generally, at least five

rings are recommended for burnable absorber fuel pins.
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Eigenvalue Bias at 20 GWd/MTU vs. Number of Rings
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Fig. 8.30. Eigenvalue bias from the reference solution at 20 GWd/MTU for varying number of rings
in burnable absorber fuel pins.
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APPENDIX A

TRITON LWR LATTICE PHYSICS USER GUIDANCE






This appendix is designed such that a modeler with a significant amount of SCALE experience but little
lattice physics experience could use this section as a reference for lattice physics model development.
This section makes little reference to the specific setup of problems but addresses cruxes that a modeler
might encounter during development of lattice physics models. In addition, a novice user could use this
appendix as a guide after he or she has learned the basics of SCALE model development. The appendix
is designed as a “Frequently Asked Questions” document that attempts to answer a number of common
questions that modelers might ask themselves during model development.

How many compositions should I define?

An accurate depletion model with many unique fuel locations requires the use of many different
materials.

BWRs generally require many more materials than PWRs.

o BWR lattices typically have 1/2 diagonal symmetry, whereas PWR lattices
generally have 1/8 assembly symmetry.

o BWR and PWR lattices typically have many pins of different enrichment and
gadolinium content.

The user should find the smallest symmetric “subassembly,” usually 1/2 (BWR) or 1/8 (PWR),
and model each symmetric fuel pin as a different material.

In addition, a user should define different fuel materials for each equal-volume ring (5-10 per
fuel pin) in a gadolinium-bearing pin.

A user will also need to define different gap, clad, and moderator mixtures for each CENTRM
calculation, i.e., one for each enrichment and gadolinium content.

If nonstandard Dancoff factors are being used, another set of mixtures (fuel, gap, clad, and
moderator) must be specified for each separate pin.

Control blade pins can all be modeled as the same material.

A user should define different compositions for the water rod and outside channel water in BWRs
as this water is likely a different density than the in-channel water.
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How should I define my aliases?

Some thought should be given to defining the aliases for any certain model. Using some foresight
in defining the aliases will make subsequent modification of the model much simpler.

The alias name should reflect some information about the fuel pin being specified—enrichment
and gadolinium content. $fuel485 might specify a UO, pin that is 4.85 wt% enriched.
$£1450gd350 might specify a fuel pin that is 4.5 wt% enriched with 3.5 wt% Gd,O;.

Generally, it is wise to specify pins by a number that corresponds to that pin’s position in the
lattice. It is recommend to use the number scheme yx, where y is the y-position in the lattice and
x is the x-position in the lattice. This means that fuel pin materials start with the number 11 for
the northwestern most pin, and count up across the lattice:

S1fueld8b 111 end
Sfueld85 11 12 13 14 15 16 17 18
22 23 24 25 206 27 28
34 35 37 38
44 45 46 47 48
56 57 58
67 68
77 78 end

o The above example specifies a lattice of 4.85 wt% enriched fuel pins with holes
in the lattice left for guide tubes, instrumentation holes, and gadolinium-bearing
fuel pins.

It is also helpful to specify gadolinium-bearing pins in this way:
$£450gd350 166 266 366 466 566 end

o This alias example specifies five rings of gadolinium-bearing fuel.

Specifying aliases makes it easy to use TRITON’s “assign” function that assigns a certain cross
section to a material. Using the assign function eliminates the need for separate CENTRM
calculations for every fuel mixture number. Cross-section processing can be performed for the
$1fuel485 alias, then assigned to $fuel485 in the branch block.

It might also be helpful to specify control rod/blade materials in the aliases. $CRin and $CRout
could specify that control rods are in or out. This helps eliminate confusion that could occur.

Below is a full alias block that could be used for a 17x17 PWR assembly—in this case there is no
fuel pin 88 because it is the instrument tube location, other absent pins are guide tubes.

Sonefueld495 111 end

Sfueld 95 11 12 13 14 15 16 17 18
22 23 24 25 26 27 28
34 35 37 38
44 45 46 47 48
56 57 58
67 68
77 78 end
Sfuelgd3 566 666 766 866 966 end

Soneclad275 210 211 212 213 end
Sonecool275 310 311 312 313 end
Sonegap275 410 411 412 413 end
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Scrpelout 501 end

Scrpelin 502 end
Scrgapout 503 end
Scrgapin 504 end
Scrcladout 505 end
Scrcladin 506 end

What cross-section processing options should I use?

The cross-section processing options in SCALE are highly flexible. The most accurate solution is
obtained using CENTRM and the ENDF-7 cross-section library. Faster, less accurate cross-
section processing is available using NITAWL (only available with ENDF-5 cross-section
libraries).

For fuel pins without gadolinium, a one-region latticecell specification is sufficient. This
assumes that the fuel pin lies in an infinite lattice of identical fuel pins—a good assumption in
most PWR and some BWR cases.

Some fuel pins in high-void BWR lattices might need to use a special option to modify the
Dancoff factor for that fuel pin. In high-void BWR lattices, the infinite lattice assumption is a
poor assumption for edge and corner fuel pins. This is discussed in depth in Appendix B.

For gadolinium-bearing fuel pins, a multiregion specification should be used to process the cross
sections. Because gadolinium is such a strong absorber of neutrons, the flux shape across the fuel
pin changes significantly. This technique involves dividing the fuel pin into 5-10 equal-area
rings. These rings must also be in the actual lattice geometry.

Choosing the cross-section processing method depends strongly on the time constraints. If the
answer is needed very quickly and accuracy need not be great, NITAWL might be a good choice.
If accuracy is of great concern, then CENTRM should be used. A good tradeoff between speed
and accuracy can be found by using the 2REGION option in CENTRM (parm=2region).

If using the dan2pitch option, then CENTRM or 2REGION must be used.

What depletion strategies should I use for BWRs and PWRs?

The strategy for depleting BWR and PWR lattices are fairly similar. In TRITON, a relatively
simple depletion block is used.

You can use aliases in the depletion block to specify groups of materials.
Gadolinium-bearing fuel should be depleted by flux instead of by power.

Also in this block, you should use the assign function to assign cross sections to applicable
mixtures. Using this feature limits the amount of time spent on cross-section processing.

read depletion

Sfueld95 flux

Sfuelgd3 end

assign $onefueld95 $fueld95 end
end depletion

In TRITON, the specific power density must be input in megawatts per metric ton of heavy metal
(MW/MTHM). The power density can be calculated from the total reactor power, the number of
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assemblies, and the mass of uranium in each assembly. It can also be calculated from the linear
heat rate, fuel pin dimensions, and fuel density.

Because gadolinium burns out fairly quickly, relatively fine depletions steps are needed at the
start of the depletion. After the peak reactivity is reached, the depletion steps can be lengthened.

The TRITON “nlib” option is used in the burndata block to specify the number of cross-section
updates per burn period.

The user should specify a first step that is very small (~100 hours) in order to set xenon/samarium
equilibrium concentrations.

Remaining steps for gadolinium-bearing lattices should be kept lower than 2 GWd/MTHM for
the entire burn range, and less than 1 GE/MTHM prior to peak reactivity.

What goes in the branch block?

The branch block contains all data that TRITON needs to calculate branch conditions
(higher/lower moderator density, fuel temperature, soluble boron, etc.).

The branch block starts with a number of “define” statements. The “define fuel” example below
specifies the mixtures for which fuel temperature branches will be done.

define fuel $1£1395 $1£1440 $1£1490
$fuel395 Sfuelddo $fueld 90
$1£490gd700 $1£4409d700 $1£440gd800
$£490gd700 $£440gd700 $£440gd800 end

All fuel mixtures must be listed here, including the fuel materials that are used in the cross-
section processing step and assigned to other fuel materials in the depletion block.

The “define mod” block specifies the moderator materials for which moderator density,
moderator temperature, and soluble boron branches will be performed. It is important to
remember in the case of BWRs that if both the in-channel and outside-channel moderators are
included in the “define mod” statement, they will have the same density, temperature, and soluble
boron concentration in the branch calculations.

Because of this limitation, it is impossible to perform soluble boron concentration branches on the
outside-channel water. For BWRs, there is no soluble boron in the water under nominal
conditions, so this is acceptable for most cases. For transient branches that have soluble boron
injection, there will be no soluble boron included in the outside-channel water resulting in a bias
in the reactivity of the model; TRITON will calculate a higher k¢ than it should. This limitation
is being eliminated in future releases of SCALE.

The “define crin” and “define crout” blocks specify control rod materials that are exchanged in
control rod branches.

The “define d2pset” block specifies a set of Dancoff factors that should be used during cross-
section processing for a certain branch. Many times, a user will want to specify moderator
density branches different than the nominal case. In the case of BWRs, a different Dancoff factor
is likely needed for the edge and corner fuel pins of these branches. This is probably best shown
by an example.
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In Celldata:

latticecell squarepitch pitch=1.23 913
fuelr=0.44 140
gapr=0.45 911

cladr=0.52 912 end

centrmdata dan2pitch (140)=0.360 end centrmdata

latticecell squarepitch pitch=1.23 923
fuelr=0.44 280
gapr=0.45 921

cladr=0.52 922 end

centrmdata dan2pitch (280)=0.360 end centrmdata

In the branch specification:

define d2pset 100 140 0.360 280 0.360 end
define d2pset 80 140 0.300 280 0.300 end
define d2pset 40 140 0.230 280 0.230 end
define d2pset 1 140 0.175 280 0.175 end

It is a good idea to name a d2pset based on the void fraction corresponding to those branches.
Remember: -1 and 0 have special meanings, so a user should not use those numbers in “define
d2pset” unless the options corresponding to those numbers are desired.

Below are a few examples of actual branch specifications that use the Dancoff factor option:

dm=0.7397 tf=863.15 tm=559.15 sb=1 cr=0 d2p= 1 end
dm=0.458432 t£f=863.15 tm=559.15 sb=1 cr=0 d2p= 40 end
dm=0.177164 t£=863.15 tm=559.15 sb=1 cr=0 d2p= 80 end
dm=0.03653 tf=863.15 tm=559.15 sb=1 cr=0 d2p=100 end

o  Where
dm = density of the moderator,
tf = temperature of the fuel,
tm = temperature of the moderator,
sb = soluble boron content (in ppm),
cr = control rod state; 0 is out, 1 is in,
d2p = Dancoff factor set to be used.

Watch out!!! The soluble boron concentration specified in the base input file moderator mixture
must be the concentration specified in the first branch. The soluble boron concentration in the
base case should be greater than zero; otherwise it cannot be modified in branch cases. In this
case, a user would specify 1 ppm of soluble boron in the composition block for the moderator. If
a user specifies a boron concentration in the first branch unequal to what is specified in the
moderator composition, the concentration will be incorrect for other soluble boron branches. The
example below uses 1 ppm boron.

h2o Smod den=0.7397 1 559.15 end
boron Smod den=0.7397 le-6 559.15 end
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What branches should I have?

The specific branches that a user will need are highly dependent on the analysis being performed.
Steady-state analysis requires very few branches. On the other hand, transient analysis requires
many different branches.

If producing cross sections to be used in a nodal simulator (e.g., PARCS), the branch
specifications will need to be wide enough to cover anticipated conditions without large cross-
section extrapolation. It is much better to interpolate cross sections rather than extrapolate cross
sections. When in doubt, add another branch to cover a possible operating condition.

PWRs
o A user should have branches corresponding to startup and shutdown.
o A user should have branches that simulate a quick transient (fuel temperature only).

o A user should have different moderator density branches that correspond to different
operating temperatures.

o A user should have soluble boron branches that cover possible nominal boron
concentrations, including letdown; 0 to ~2500 ppm and various points between for proper
interpolation (e.g., 0, 700, 1400, and 2200 ppm).

o The user should also have control rod branches corresponding to control rods in and
control rods out.

BWRs

o “History” calculations may be needed for BWRs. This means that a lattice is burned with
different void fractions in order to obtain some information on the void history of a
particular section of a lattice. It might be necessary to burn a lattice with 0, 40, 80, and
100% void fractions. It also might be necessary to include control blade history
calculations for BWRs.

o Other than history calculations, the branch specifications for BWRs are very similar to
PWRs.

o If high void moderator density branches are being run, “d2p” will likely need to be used
for an accurate solution.

When working with multiple input files that use the same branch structure, it might be helpful to
specify a “tree” file that contains all the branches that are going to be used for different input
files. This centralizes the branch specification so that if something needs to be changed, it is only
changed in one file, rather than many different input files. This also ensures consistency in the
branch structure across different input files and avoids associated problems when using these files
to generate cross sections for a core simulator.

This file needs to be in the user’s runtime directory, or copied into the runtime or temporary
directory during execution by using the “shell” module. Once the file has been copied to the
correct location, it can simply be fed into the input file using “<filename”:
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=shell
copy \mella+\rev02\tree.00V $TMPDIR%
end

=t-depl

read branch
<tree.0O0V
end branch

end
Contained in the tree.00V are the branches corresponding to 0% void nominal conditions.

Before a user spends a significant amount of computer time on a simulation to generate cross
sections for a nodal simulator, it is recommend that you start with a simple model that includes
the full branch statements. This simulation does not have to be run for the entire burnup range.
The main goal is to generate a SCALE/TRITON xfile016 file that exercises the capability of
GenPMAXS to process the branch structure being used. It is possible to generate a branch
structure that cannot be processed by GenPMAXS, so it is important to test the proposed branch
structure before using a significant amount of computer time generating the full cross section set.

What options should I use in my NEWT transport solution?

Currently, the basic defaults for NEWT are recommended. Future investigation could lead to a
more optimized set of parameters, but those investigations still need to be performed.

Quadrature: Sg.
Scattering: P, in the gap; P; in fuel, clad, and structural materials; and P, in water.

Spatial mesh of 4x4 in fuel cells. The global grid is sized such that each grid cell is
approximately 1 unit cell-sized.

CMFD is performed on the global grid.
Epsilon=1 x 10~
Reflective boundary conditions.

Recent studies have shown that adding a ring of water around fuel pins increases the accuracy of
the solution by refining the NEWT solution mesh. Adding this ring increases the spatial accuracy
of the flux entering the fuel pin. This adds some time to the NEWT solution that may be
worthwhile depending on the accuracy needed.

Which cross-section library should I use?

It depends on the required accuracy of the solution and the time available.

If time allows, usage of the 238-group ENDFB-VII (v7-238) multigroup library is recommended
for the most accurate results.

If a quick estimate is needed, the 44-group ENDFB-V (v5-44) multigroup library can be used.
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e A good compromise between accuracy and fast runtime can be accomplished using parm=weight.

o Generates a problem-specific 49-group library that is used in subsequent transport
calculations.

o This library can be saved and used for other similar lattice calculations.

How do I know if all my assumptions are correct?
e It can be useful to run some KENO Monte Carlo simulations.

e CE-KENO vs. MG-KENO: validates the cross-section processing and multigroup library
assumptions.

e  MG-KENO vs. NEWT: validates grid structure and quadrature.
e A KENO-VI model is relatively simple to generate from an existing TRITON model.
e If you are working with a BWR, it is likely that you should calculate Dancoff factors using
MCDANCOFF—you will need a KENO-VI model for this.
How do I generate reflector cross sections for PARCS using SCALE/TRITON?
e We recommend modeling at least one assembly width for a reflector.
e The model should include an actual fuel assembly to provide a neutron source.
e Axial reflectors can be modeled as a homogenized (smeared) region.

o Sometimes the exact geometry of the axial reflector region is complex and
three-dimensional.

o Often the shape of structural materials in the axial reflector is not exactly known or
not given.

o As long as the volume and density (or mass) of materials are given, you can
construct a homogenized region.

e The radial reflector baffle/shroud should be modeled as close to reality as possible.
o Especially in PWRs—the baffle is close to the assemblies.
¢ You will need to specify another homogenize block with the reflector materials.
o Goes before the fuel assembly homogenize block.
e A user will also need a special “read adf” block with an ADF for the fuel-reflector interface (red

line in fuel+reflector plots on next page).

read homog
2 RadRef 999 998 end
1 21C 12 13 15 16 17 18

end homog

read adf

2 1 2 e=10.90549
end adf
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In the “read adf” block, the first three numbers specify that:

o This is a reflector ADF (2).

o Identifying number of the fuel region (1).

o Identifying number of the reflector region (2).
Reflective north, south, west boundaries; vacuum east boundary.

Use special input for GenPMAXS that specifies a corner reflector—hint: look for SFAC in the
GenPMAXS manual.

o SFAC is a variable that the user must calculate; the equation can be found in the
GenPMAXS manual.

o SFAC is only needed for corner reflectors.

The fuel bundle I am modeling is very heterogeneous, is there anything I need to look out for?

For very heterogeneous fuel bundles (example: SVEA bundles), it is possible that even with very
detailed Dancoff factor treatment for each fuel pin, the bias from KENO-CE calculations could be
large.

For high in-channel void conditions for BWR fuel bundles that have many saturated liquid water
features, the library collapsing bias when using Parm=weight can be larger than 100 pcm. This is
typically due to inadequate self-shielding of fuel pins due to the solid liquid water features.

Similarly larger biases can also be seen for BWR lattices at high in-channel void fractions whose
burnable absorber pins (gadolinia-bearing pins) are in close proximity to other burnable absorber
pins. The self-shielding portion of the calculation can be inadequate due to the neighboring
burnable absorber pins, resulting in a larger-than-normal bias.

When generating nodal data for these cases, extrapolating lower-void data to higher-void
conditions can result in nodal data that more closely corresponds to KENO-CE calculations than
explicitly generating the data using SCALE/TRITON. For example, generating nodal data at 0%,
40%, and 80% void and extrapolating to 100% void can result in nodal data that is more accurate
than explicitly running branch calculations for 100% void with SCALE/TRITON.

Is there anything else?

Watch out for file size.

o If there are many branches and many depletion steps, the output files can get very large,
especially if the user is keeping or reusing the temporary directory. After the run is
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complete, the user might want to delete the tot00000001 file in the temporary
directory—it is a copy of the output file.

o If you have flux plots turned on (prtflux=yes) with many branches, your computer will
try to copy many large postscript files—this can bog down your system.

Use the postscript files—they can often give the user a clue about an error in the geometry.

Check the results as they are being generated. If performing a material homogenization, the
txtfile016 file contains eigenvalues for every branch. A user can extract and plot these as needed.

Have someone else check your work before running very long simulations. It is easy to make a
mistake working with very large input files. Sometimes it is difficult to see your own mistakes
because you are so familiar with the input files.
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APPENDIX B

USING SCALE/MCDANCOFF FOR BWRS






Studies have shown that the infinite lattice approximation used in SCALE when calculating Dancoff
factors for self-shielding calculations breaks down for some fuel pins in moderately high-void BWR
lattices. The fuel pins of interest are located in the lattice corner, along the lattice edge, and near water
rods. These pins are located near regions of solid liquid water, which greatly influence the neutron
spectra seen by the pins. For this reason, the infinite lattice approximation is no longer valid. To this
end, SCALE/MCDancoff (Monte Carlo Dancoff) was developed as a tool to calculate Dancoff factors
using the Monte Carlo method. SCALE/MCDancoff is a modified version of SCALE/KENO-VI that
uses a one-group neutron library to calculate Dancoff factors for requested materials in a model.
SCALE/MCDancoff is a modified version of SCALE/KENO-VI, so the geometry setup is identical to
SCALE/KENO-VI and very similar to SCALE/NEWT.

To use SCALE/MCDancoff to calculate Dancoff factors for the fuel pins in your model, first begin with
an already developed SCALE/NEWT geometry model. Then follow these steps to convert the model to
SCALE/MCDancoff or SCALE/KENO-VI:

e Redefine the sequence.

o =t-depl or =t-newt to =mcdancoff or =csas6.
e Change XS library for MCDANCOFF.

o v5-44,v5-238, v6-238, v7-238 => xn01.
e Add the z-axis.

o Add +z and -z to all bodies. You should specify a z-axis corresponding to the length of
the fuel bundle. +

o Add nuz=1 terms in arrays.
o Add z terms in array and hole placement.
e Remove all Aliases.
o SCALE/MCDancoff is incompatible with aliases.

o Expanded composition block can be copied and pasted from input t file in SCALE
temporary directory.

e Remove Depletion, Burndata, and Branch blocks.
o Change the fuel mixtures in the geometry model so that aliases are not needed.
e Remove the Celldata block.

o Leave the Celldata blocks to run SCALE/KENO-VI in multigroup mode, otherwise
remove them.

e Change the Parameter block.
o Remove all NEWT parameters.
o Include KENO parameters.
e Remove spatial grid for cells and global unit.
e If your BWR model contains control rod blades, remove these from the model.
e Remove the SCALE/NEWT Material block.
e Add SCALE/KENO-VI plot data (not required, but highly recommended).
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e Add a shape to enclose arrays placed in the global unit.

o For SCALE/KENO-VI, all arrays placed in the global unit must have their own enclosing
surface—your SCALE/NEWT models may or may not already have this.

Once geometry conversion is complete, you can use Parm=Check to check the model and generate plots
of the geometry. Upon checking the model, you might encounter some geometry errors that you will
need to resolve. Array placement errors are common to new SCALE/KENO-VI users—these errors
usually arise from not having a bounding surface for the array in the global unit and not placing the array
correctly inside the bounding surface. Detailed SCALE/KENO-VI geometry instruction can be found in
the SCALE/KENO-VI primer and the SCALE/KENO-VI manual [SCALE manual, Section F17].

When the geometry runs through Parm=Check without errors, you can add the required input blocks for
calculated Dancoff factors. There is no graphical user interface for MCDancoff, so you must add this
data using the text-based input format. The input block that specifies the Dancoff factors that
SCALE/MCDancoff will calculate is the Start block [SCALE manual, Section M24]. Inside the Start
block, enter dancoff to signify the calculation of the Dancoff factor. Starting at the global unit, you
must specify the array or hole that contains the unit for which a Dancoff factor will be calculated.
You can use multiple instances of array or hole if your model has “arrays of arrays.” Using the
array and hole keywords, step down from the global unit until you have specified a unit. You must
then specify the region that contains the mixture for which a Dancoff factor is calculated. This is best
illustrated by an example:

read start
dancoff
array 1 4 2 1
unit 10
region 1
end start

This example begins with read start. On the next line, dancoff specifies that a Dancoff factor will
be calculated. On the third line, array 1 4 2 1 specifies the first array (array 1) in the global unit,
and then specifies array position (x,y,z) =4 2 1; unit 10 on the fourth line is the unit contained in array
position (4,2,1). The fifth line, region 1, specifies the first region (first media statement) of unit
10. The end start line signifies the end of the Start input block for the Dancoff factor calculation.
Again, region 1 is the first region specified by a media statement in unit 10, which is array position
4 2 1in array 1, which is the first array listed in the global unit. The dancoff keyword and
subordinate array, hole, unit, and region keywords can be repeated as many times as necessary to
specify a mixture.

With the SCALE/MCDancoff model complete, you can run the case from the command prompt like any
other SCALE input file. SCALE/MCDancoff will run a Dancoff factor simulation for every dancoff
specified in the Start block with as many particles and generations as specified in the Parameters block.
You do not need to specify a great amount of particles and generations to obtain adequate statistics for
Dancoff factors. If the error of the Dancoff factors are ~0.01 or less, the Dancoff factors should be
adequate. When the SCALE/MCDancoff run completes, you will have an inputfile.danc* file for each
dancoff specified in the Start block. This input file contains the unit name and Dancoff factors for all
the isotopes in the fuel material. You should use the Dancoff factor for U-235 (92235) in subsequent
SCALE/TRITON calculations. The following is a sample output file from a SCALE/MCDancoff case
that used the previous Start block example:
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Unit 10 at global x -5.62500E+00 vy -5.62500E+00 =z 0.00000E+00

index nuclide dancoff deviation
1 92235 1.41663E-01 2.24232E-03
2 92234 1.41663E-01 2.24232E-03
3 92236 1.41663E-01 2.24232E-03
4 92238 1.41663E-01 2.24232E-03
5 8016 9.59918E-01 3.68866E-04

For subsequent calculations, a user would specify dan2pitch(N)=1.41663E-01 for the CENTRM
latticecells for fuel pins in a similar lattice position. Remember that different Dancoff factors should be
used for corner, edge, and central lattice fuel pins—using the same Dancoff factor for all fuel pins is not
adequate.

It is recommended that you use SCALE/MCDancoff to develop a Dancoff factor map for every fuel pin.
This usually means that you need to calculate separate Dancoff factors for every fuel pin for half of the
lattice. Once you have a Dancoff factor map, you can more clearly see where you can group fuel pins
with similar Dancoff factors, as seen in Fig. B.1.

0.5144| 0.5405| 0.5391| 0.5330 0.5139- 66.1%| 58.1%| 58.5%| 60.3% 56.2%-

0.7325| 0.7720| 0.7739| 0.7686]| 0.7328] 0.5137 16.6%| 10.7%| 10.4%| 11.1%]| 16.6%| 66.3%

G d 0.8067| 0.8066 G d 0.5324 G d 5.9% 5.9% G d 60.5%

100% Void 7x7 0.8101| 0.8080| 0.7730| 0.5377 5.5% 5.7%| 10.5%| 58.9%
MIPLIB: 0.8543 Gd 0.7702| 0.5382 Gd 10.9%| 58.7%
0.7366| 0.5229 16.0%| 63.4%

Fig. B.1. Dancoff factor map for a 7x7 fuel lattice. The map on the left shows the SCALE/ MCDancoff-
calculated Dancoff factors, and the map on the right shows the relative difference between
the infinite lattice Dancoff factor and the SCALE/MCDancoff-calculated Dancoff factor.

You should already have separate latticecells for all fuel pins that have different enrichment or
gadolinium content. Once you have used SCALE/MCDancoff to calculate all the required Dancoff
factors, you should add latticecell calculations for fuel pins that have the same enrichment but different
Dancoff factors. Generally, fuel mixtures should be Ilumped in two levels—one level for fuel
composition, and another level for Dancoff factor. Generally, the Dancoff factors for corner pins are
similar, along with the Dancoff factors for fuel pins along the lattice edge. This fuel lumping strategy is
illustrated in Figs. B.2 and B.3.
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Fig. B.3. Illustration of the total number of latticecell and multiregion statements that are needed for a
complex BWR model.



APPENDIX C

INSTALLING GHOSTSCRIPT AND GSVIEW ON WINDOWS






GhostScript is freeware that can interpret PostScript language and the Adobe Portable Document Format
(PDF), meaning that GhostScript can read PostScript or PDF files and display the results.
SCALE/NEWT displays the model geometry in the form of two PostScript files: filename.newtgrid.ps
and filename.newtmatl.ps. To view these files, the user must have PostScript viewing software installed
on their computer. GSview is the Windows graphical user interface for GhostScript. Although not
required, installing GSview is highly recommended for Windows users.

To download GhostScript and GSview, navigate to http://pages.cs.wisc.edu/~ghost/ using a web browser.
Download the latest version of Ghostscript; for this example the most recent version is GhostScript 9.00
(FigC.1)

Ghastscript, Gi =

£] hitp://pages.cs.wisc.edu/~ghost/ ~ | B4 | X Bing

i Favorites | g% (@ Suggested Sites ~ @] Web Slice Gallery =

{& Ghostscript, Ghostview and GSview [l v [ v Pagew Safety~ Tools~ @@~

9

<2 Ghostscript, Ghostview and GSview

Welcome to the Home Page for Ghostscript, an interpreter for the PostScript language

and for PDF, and related software and documentation. Other sites

o FTP mirror sites. Please download from
one near you.

Ghostscript news and commumity site
Obtaining GSview and Ghostscript on
CD-ROM

Links to other sites

Software available at this site

+ GPL Ghostscript

GPL Ghostscript 9.00 released 2010-09-17
GPL Ghostscript 8.71 released 2010-02-10 .
GPL Ghostscript 8.64 released 2009-02-03

GPL Ghostscript 8.63 released 2008-08-01
GPL Ghostscript 8.62 released 2008-02-29
GPL Ghostscript 8.61 released 2007-11-21
GPL Ghostscript 8.60 released 2007-08-01
GPL Ghostscript 8.57 released 2007-05-11
GPL Ghostscript 8.56 released 2007-03-15
GPL Ghostscript 8.54 released 2006-06-01
GPL Ghostscript 8.15 released 2004-09-23
GNU Ghostscript 7.07 released 2003-05-17
AFPL Ghostscript (older versions)
Ghostview and GV previewers for Unix & VMS
MacGSView previewer for MacOS
GSview previewer for Windows, OS/2 & Limx.
o GSview 4.9 released 2007-11-19.
o GSview can be used as a viewer for
Netscape Navigator and Internet Explorer
o epstool for adding and removing DOS EPS previews
RedMon - Redirect a Windows printer port to Ghostscript.
o RedMon 1.7 released 2001-10-28
» ansi2knr - Convert ANSI C programs to traditional ("Kernighan & Richie") C.

000000000 O0O0 O

Documentation

Frequently Asked Questions
Introduction to Ghostscript
Ghostscript documentation
Gripes

Printer compatibility
Newsgroups for Ghostscript
Books about PostScript

Last updated $Date: 2010-04-13 13:37:15 -0500 (Tue, 13 Apr 2010) § Corrections to the Ghostscript WWW pages should be mailed to
Russell Lang

@ Internet | Protected Mode: Off

v ®m10% v

Scroll to the bottom of the page and download the latest Microsoft Windows executable for GhostScript

9.00 (Fig. C.2)

Fig. C.1. Ghostscript, Ghostview, and GSview download page.
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http://pages.cs.wisc.edu/~ghost/

e

/& Obtaining GPL Ghe t |

GOl & it/ /p2ges.cswis.edu/ ~ghost/doc/GPL/ goS00 htm MEIEIR CE Y

77 Favorites | 95 8 Suggested Sites @ Web Slice Gallery =

| & Obtaining GPL Ghostscript 9.00 |7| Mo ~ [ o= ~ Pagev Safetyr Tools~ @~
The second major change in this release is that glyph rendenng for all font types except Type 3 is now handled by Freetype (via a much -

improved and enhanced Font APT). The most obvious benefit of this is a complete, and proven implementation of the TrueType byte code
interpreter (now unencumbered by patents).

Another major change is that the Postscript interpreter's graphics state now stores two separate colour space settings for stroking and filling, to
| better support the stroke and fill colours required by the PDF interpreter.

Finally, support for optional content has been added to the PDF interpreter.

This release also includes a number of improvements to the pdfiwrite device to improve reliability and quality with PCL and XPS input. Many
improvements to the support of JPX images in PDF files, PDF annotation rendering and the usual number of general bug and robustness fixes.

For security reasons, Ghostscript no longer searches the current directory by default. Use -P option to revert to old behavior.

Thanks to everyone whose hard work made this release possible!

Post-release news

After you get this version of Ghostscript, we suggest that you track news, updates, and fixes here or at the Ghostscript website, ghostscript.com.
Microsoft Windows

You will need to obtain and run the selfextracting EXE

2s900w32 exe, GPL Ghostscript 9.00 for 32-bit Windows (the common variety).
2s900w64.zip, GPL Ghostscript 9.00 development libraries for 64-bit Windows (x86_64).

GSview

m

If using MS-Windows it is strongly recommended that you also get GSview. which provides a graphical interface to Ghostscript.

To unpack ZIP files, you will need an unzip program such as [nfo-ZIP unzip.

Home

Last update 2010-09-22

& Internet | Protected Mode: OFf 5 v H100% v

Fig. C.2. GhostScript 9.00 download page.

After clicking the link to the self-extracting executable, the File Download window will appear; choose
Run (Fig. C.3).
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File Download - Security Warning @

Do you want to run or =ave this file?

@ Mame: gs900w32.exe
Type: Application, 14.5MB

From: mirror.cs.wisc.edu

i Ruri | [ Save ] [ Cancel

potentially ham your computer. i you do not trust the source, do not

| -ﬁl While files from the Intemet can be useful, this file type can
k,
4 run or save this software. What's the risk?

b

Fig. C.3. File Download window for the GhostView executable.

Click Run again on the Internet Explorer — Security Warning window (Fig. C.4).

Internet Explorer - Security Warning &J

The publisher could not be verified. Are you sure you want to run this
software?

MName: gs900w32.exe

Publisher: Unknown Publisher

Run ] [ Don't Run

i Fa | This file does not have a valid digital signature that verifies its publisher. You
\@/ should only run software from publishers you trust. How can I decide what
= software to run?

[% — 4

Fig. C.4. Internet Explorer — Security Warning window.

The self-extracting executable will then open; click Setup from the WinZip Self-Extractor window
(Fig. C.5).

WinZip Self-Extractor - gs900w32[2].exe

~% 1 hiz install: GPL Ghogtacnpt 9,00, “
g GFL Ghostzcrpt displavs, prints and converts PostS cript

and PDF files.

Cancel
| o |

About

Fig. C.5. WinZip Self-Extractor window.



The GPL Ghostscript Setup window will appear; click Install on this window (Fig. C.6).

GPL Ghostscript Setup &J
Thig installs
g GPL Ghostseript 9.00
= Copyright [C] 1994-2010 Artifex Saftware, Inc. All rights reserved.

Requires 40 Mbytes disk space.

Install ta directarny

|E:\Program Files [=86])\gs Browse. .
Add shortcuts to I~ &l Users
|Ghostscript Browse...

™ Use Windows TrueTppe fonts for Chinese, Japanese and Korean

Cancel Help

o

Fig. C.6. Ghostscript setup window.

Clicking Install runs software to install Ghostscript on your computer.
Now return to the web browser and go back to the main Ghostscript, Ghostview, and GSview page and

choose to install the most recent version of GSview (Fig. C.1). The GSview download page will open.
Choose the applicable Windows self-extracting archive (Fig. C.7).
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Obtainin:

£ | hitp://pages.cs.wisc.edu/~ghost/gsview/getd9.htm

-

=

| X Bing R

5y Favorites | T3 @ Suggested Sites * @] Web Slice Gallery =

& Obtaining GSview 4.9

- v [ d= v Pagev Safetyv Tools~ i@~

GSview 4.9
Obtaining GSview

GSview 4.9 has been released and is available from the directory hitp://mirror.cs. wisc.edu/pub/mirrors/ghost/ghostgum/

Specific files are:

o psv49w32 exe Win32 self extracting archive
o psvAOw64 exe Winb4 (x86_64) self extracting archive
e gsv490s2 zip OS/2 archive

¢ gsvd9sre zip Source archive

¢ gsview-4.9 tar gz Linux source archive

For O5/2, unzip gsv490s2.zip then read the GSview Readme him file.

Features

pages to be viewed or printed. GSview requires Ghostscript 7.04-9.19.
Features inchide:

Display and print PostScript and PDF files.
View pages i arbitrary order (Next, Previous, Goto).

Print selected pages using Ghostscript.
Convert pages to bitmap. PDF or PostScript.
Selectable display resolution, depth, alpha.
Single button zoom.

Extract selected pages to another file.

Copy display bitmap to clipboard.

Save clipboard bitmap as BMP file.

Graphically select and show bounding box for EPS file.

GSview requires Ghostscript. You must download Ghostscript separately. See Obtaining GPL Ghostscript 8.64.
For Windows. obtain and install Ghostscript, then run the GSview self extracting archive gsv49w32.exe (or gsv49w64._exe on Win64).

GSview is a graphical interface for Ghostscript under MS-Windows or OS/2. Ghostscript is an interpreter for the PostScript page description
language used by laser printers. For documents following the Adobe PostScript Document Structuring Conventions, GSview allows selected e

Add bitmap or user preview to EPS file (Interchange. TIFF or Windows Metafile)

1

Page size and Orientation are automatically selected from DSC comments or can be selected using the menu.

hittp://mirror.cs.wisc.edu/pub/mirrors/ghost/ghostgum/gsv49wa.

@ Internet | Protected Mode: Off -

H100% -

Fig. C.7. GSveiw download page.

The File Download — Security Warning window will again appear (Fig. C.3); again, click Run. The
Internet Explorer — Security Warning will appear, and again choose Run (Fig. C.4). As before, click
Setup on the WinZip Self-Extractor window (Fig. C.5). The GSview Install window will appear;
follow the steps to install GSview (Fig. C.8).

-

GSview alzo requires

GSview Install
This wizard will help you install
GSview 4.9
GSview

Thiz installation will require 7 M bytes of hard disk space

AFPL Ghostscript 7.04-59493

Wiew the Readme file for details of how to obtain Ghostscript.

Wiew Readme |

< Back Carcel

I Mext » I

Fig. C.8. GSview Install window.



Choose to associate PostScript files with GSview from the GSview Install window (Fig. C.9).

GSview Install [

G5view can create file azsociations for PostSeript and Portable Document
Format [PDF] files.

GSview . . - . L
‘with these azzociations, double clicking on a PostScrpt or PDF file wil

start GSview. These associations also allow some W browsers to use
GSview az a viewer for PastScript and POF files.

IV Aszsociate PostSeript [ ps and .eps) files with GS view.

[ Associate PDF [.pdf] files with G5 view.

< Back | Mext > | Cancel |

Fig. C.9. GSview Install window — setup options.

Choose a directory to install GSview and click Next; the default directory was chosen here (Fig. C.10).

GSview Install 5
% Select a directony in which boinztall GSwiew
bisme |I::RF'logram Files [#BE MG hoztgum
Browse...
| |
< Back | Mewxt » | Cancel

Fig. C.10. GSview install window — install directory.



Choose the defaults on the GSview install window for shortcut options (Fig. C.11).

GSview Install s

% GSwview Setup will add items to the following Start bMenu folder

GSview [¥ Create Folder

MHame |Ghostgum

v Al Users Browise..

GSwview Setup is now ready to start inztallation.

Frezsz Finizh to continue,

¢ Back | Finizh » | Cancel |

Fig. C.11. GSview Install window — shortcut options.

Once you click Finish, you should see that GSview has installed correctly. You are now ready to begin
using GhostScript and GSview to view postscript files.
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APPENDIX D

OVERVIEVW OF GENPMAXS FOR LWR APPLICATIONS






GenPMAXS (Generation of Purdue Macroscopic XS) is the interface between lattice physics codes and
PARCS core simulator. This document focuses on using GenPMAXS as the interface between
SCALE/TRITON and PARCS. GenPMAXS reads the SCALE/TRITON-generated xfile016 file and
generates partial derivatives that are printed in the PMAXS file. Figure D.1 shows a basic flowchart of
the interaction of SCALE/TRITON, GenPMAXS, and PARCS.

TRITON PARCS

/
/ xfile016 /L> GenPMAXS 47/ PMAXS /

/ GenPMAXS /
input file

Fig. D.1. SCALE/TRITON-GenPMAXS-PARCS flowchart.

Using lattice physics input files, SCALE/TRITON generates xfile016 files that contain cross-section data
for the nominal condition and branch conditions. After completion of the SCALE/TRITON runs,
GenPMAXS is used to read a single or multiple xfile016 files, to process the cross-section data contained
in the xfile(016 files, and to write the partial derivatives in the PMAXS file. The PMAXS file(s) are then
read by PARCS during the full-core simulation.

Choosing branch states for the SCALE/TRITON simulation can be difficult. Different branch states are
needed for BWRs than for PWRs, and different branches are needed for steady-state than for transient
analyses. Nodal core simulators interpolate between a set of data points to obtain nodal parameters for
instantaneous operational conditions. For this reason, a branch condition does not need to be specified for
every possible operating condition. Rather, the envelope formed by the branch conditions should cover
possible operational conditions that the user plans to simulate. If a core simulator predicts an operating
condition between two branch conditions, the nodal parameters are interpolated based on available data.
If a core simulator predicts an operating condition that lies outside the envelope of branch conditions, the
nodal parameters are extrapolated to that condition based available data. Generally speaking,
extrapolation of nodal parameters is particularly risky, so all foreseeable operating conditions should lie
inside envelope formed by the chosen branch conditions. Users must specify an adequate number of
branch conditions in order for PARCS to accurately interpolate between conditions.

In addition to specifying an adequate number of branch states, users must also take care to ensure that the
set of branch conditions is valid for GenPMAXS. For GenPMAXS to properly calculate partial
derivatives for the PMAXS file, the set of branches must be “orthogonally connected.” Orthogonally
connected means that for any state condition requested by PARCS, there must be an orthogonal path in
the branch states back to the nominal state. This can be better understood with the illustration in Fig. D.2.
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. Reference state . DC branch
@ TF branch © TC branch

© Path 1 Acceptable
¢ Path 2 Unacceptable

Fig. D.2. Acceptable (orthogonal) and unacceptable (nonorthogonal) paths from reference
state to branch state.

In Fig. D.2, the path on the left is acceptable because the TC branch can be traced through the branch
states along orthogonal paths to the reference state. The path on the right of Fig. D.2 is unacceptable
because the required DC branch has not been calculated. In the unacceptable case, PARCS would have to
simultaneously interpolate on two different state variables (DC and TF), and therefore, the path is
nonorthogonal. In short, each branch state must only perturb one variable at a time. After the desired
branch structure has been determined and before running the full SCALE/TRITON lattice calculations, it
is recommend that users generate a simple TRITON model (e.g., simple pin-cell with two depletion steps)
to test the branch structure in GenPMAXS. Use the xfile0/6 file from the simple test case and run it
through GenPMAXS to make sure there are no errors.

D.1 How to Run GenPMAXS
Running GenPMAXS is very straightforward. You should have the SCALE/TRITON xfile016 files and

the GenPMAXS input files in the working directory. A sample of a GenPMAXS input file for a
SCALE/TRITON xfile016 file can be found here:
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%$JOB_TIT

'PWR1.PMAX' F 3.0 !PWR1 PMAXS file
%$JOB_OPT

T T P ¥ ¥ ¥ T F F F F F F F 1
'ad, xe,de,jl,ch,Xd,iv,dt,yl,cd,gf,be, 1b,dc, ups
$DAT SRC

4 1 1 1.0

$FIL_CNT

1 'pwrl.xle' 1 1
%$JOB_END

Users should specify the name of the final PMAXS file (PWR1 . PMAX) and the name of the xfile016 file
(pwrl.x16). The number 4 under $DAT SRC in the input files signifies that the cross-section data is in
SCALE/TRITON xfile016 format. To run this input file from the working directory, type the full path to
the GenPMAXS executable followed by the GenPMAXS input filename, as seen in Fig. D.3. In this
example, the GenPMAXS executable lies in the working directory.

EX Administrator: Command Prompt S=ARCEL X

Z:“Documents“ECALEPrimers~GenPHAXS >dir
Uolume in drive £ is Shared Folders

Directory of Z:“Documents“SCALEPrimerz-GenPMAKS

A1-12-2011 @2:32 <DIR> .
A1-12-2011 B2:83 <DIR> -
A9 -23-2018 B69:82 1.986.568 genpmaxs.exe
B1-12-2011 B2:14 222 puwrl . gpmaxs.inp
12252010 B2:26 1,495,341 purl.tié
12-25-2018 B2:26 51,691,520 pwrl.xl6

4 File{s> 55.173.643 hytes

2 Dirds> 486.508.0856.576 bhuytes free

Z:wDocuments~SCALEPrimers . GenPHAXE >genpmaxs .exe purl._gpmaxs.inp
Reading main data
reading cross section data
Determining branch structure
finizhed print branch mapping
comparing kinf
writing PHAXE file
end of job

Z:~Documents“ECALEPrimers~GenPHAXS >dir
Uolume in drive £ is Shared Folders

Directory of Z:“Documents“SCALEPrimerz-GenPMAKS

A1-12-20811 B2:33 <DIR> .
A1-12-2011 B2:83 <DIR> ..
1122011 B82:32 918 branchmap
A9 -23-2018 B69:682 1.986.5%68 genpmaxs.exe
A1-12-2011 @2:32 @ PUR1.bmap
A1-12-2011 B2:14 222 purl._gpmaxs.inp
A1-12-20811 @2:33 27.580 PYRL .kinf
A1-12-20811 B2:33 164,488 PUR1_PHARX
12252010 B2:26 1,495,341 purl.tié
12252018 B2:26 51,691,520 pwrl.xl6

8 Filed{s> 55,366,547 hytes

2 Dirds> 486.507.76%.85%6 bhuytes free

Z:“Documents“ECALEPrimers~GenPHAXE >

Fig. D.3. GenPMAXS I/O for Windows.

Upon completion, GenPMAXS will write the PMAXS file—in this case, PWR1.PMAX. GenPMAXS
also generates PWR1.bmap and PWRI1 kinf files. Of particular interest is the PWRI1 kinf file; this file
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contains a comparison of the SCALE/TRITON-calculated k;,s and the GenPMAXS-calculated k;, that is
based on the two-group cross sections. A sample of the PWRI1 .kinf file can be found here:

history 1 0.00000 0.70000 0.00000 900.00000
500.00000
branch 1 0.00000 0.70000 0.00000 900.00000
500.00000
burnup (GWD/MT) , k-output, k-XsS, difference (pcm)

0.000000 1.139146 1.139179 3.30

0.023037 1.112268 1.112293 2.48

0.218852 1.104258 1.104281 2.26

0.564407 1.103788 1.103811 2.24

0.909962 1.105744 1.105767 2.30

1.255517 1.108002 1.108026 2.39

1.601072 1.110175 1.110199 2.44

1.946627 1.112289 1.112314 2.53

2.292182 1.114386 1.114412 2.60

2.637737 1.116527 1.116554 2.72

The last column of the output file is the difference (in pcm) between k-output (SCALE/TRITON) and
k-XS (two-group cross sections). It is common to observe differences of a few to 100 pcm in the
difference column. Differences larger than 100 pcm could indicate an error somewhere in the calculation.
The two most likely sources for the difference are not having all lattice materials in the homogenize block
in the TRITON input file, and having the second value (Lxes, or xe) of the $JOB_OPT card in the
GenPMAXS input file set to “F.” This option controls the macroscopic xenon and samarium cross
sections and will cause a difference between k-output and £-XS on the order of 2000 pcm. If the ki,
difference between k-output and £-XS is large, GenPMAXS prints a warning to the screen.

D.2 Branch Structures

To reiterate a previous statement, it is possible to generate a nonorthogonal branch structure that will fail
for GenPMAXS. The pitfall is created when a user specifies a branch that changes two states
simultaneously. Users could be tempted to specify multiple changes in states for a branch because it
requires fewer branches to develop a perceived operating condition envelope, and therefore requires less
computer time to generate cross sections. Users will find, however, that this practice will result in errors.

For example, for PWRs, users generally need branch states for coolant density and soluble boron
concentration. In this fictitious example, assume the user needs states at a moderator density of 0.7 g/cm’
with 2000 ppm boron, 0.8 g/cm’ with 900 ppm boron, and 0.9 g/cm’ at 900 ppm boron. For these states
the fuel temperature is constant at 900 K; the moderator temperature is constant at 500 K, and control
rods are out. The orthogonal branch structure for these states would be:

Tf=900 tm=500 dm=0.8 sb=900 cr=0
Tf=900 tm=500 dm=0.9 sb=900 cr=0
T£=900 tm=500 dm=0.7 sb=900 cr=0
T£=900 tm=500 dm=0.7 sb=2200 cr=0

The nonorthogonal branch structure would be:

T£=900 tm=500 dm=0.8 sb=900 cr=0
T£=900 tm=500 dm=0.9 sb=900 cr=0
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T£=900 tm=500 dm=0.7 sb=2200 cr=0

The nonorthogonal branch structure uses one less branch but modifies both the moderator density and the
soluble boron concentration simultaneously in comparison to the other branches. Using a nonorthogonal
branch structure can produce unexpected behavior when trying to convert xfile016 files to PMAXS format
using GenPMAXS.
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