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ABSTRACT

SCALE is a comprehensive modeling and simulation suite for nuclear safety analysis and design devel-
oped and maintained by Oak Ridge National Laboratory under contract with the U.S. Nuclear Regulatory
Commission, U.S. Department of Energy, and the National Nuclear Security Administration to perform
reactor physics, criticality safety, radiation shielding, and spent fuel characterization for nuclear facilities and

transportation/storage package designs.

Visit the SCALE website for additional information.


https://www.nrc.gov
https://www.nrc.gov
https://www.energy.gov
https://www.energy.gov/nnsa
https://www.ornl.gov/scale

1. INTRODUCTION
W. A. Wieselquist

The SCALE code system includes verified and validated tools for criticality safety, reactor physics, radiation
shielding, radioactive source characterization, and sensitivity and uncertainty analysis. SCALE is developed,
maintained, tested, and managed by Oak Ridge National Laboratory (ORNL) and may be obtained through
the Radiation Safety Information Computational Center (RSICC).

This manual documents version 6.3 of the SCALE code system, with initial release of 6.3.0 in 2022. The
previous 6.2 series had its last maintenance release, 6.2.4, in 2020. This section describes the key features in
6.3 relative to 6.2 and details on how to run SCALE.

Maintenance releases of SCALE 6.3 (6.3.1, 6.3.2, etc.) will be made as needed to fix any issues discovered.
Historically, there has been approximately one maintenance release per year. Note that once users have been
granted a license from RSICC, any subsequent maintenance releases may be obtained free of charge directly
from the SCALE team by sending an email to scalehelp@ornl.gov.

The next major release of SCALE with additional features will be SCALE 7.0 in ~2025.

The SCALE manual is included with installation; however, an online version is also available. The online
version is new as of SCALE 6.3 and is in a convenient format for users, containing detailed lists of changes
as well as any issues discovered in a particular version, starting with SCALE 6.3.0.

Instructions on installing or building SCALE, testing the configuration with the sample problems are available
in Sect. 12.

1.1 ORGANIZATION

SCALE’s top-level applications have been historically called “sequences” because of their original design,
which called specific modules in sequence to solve specific problems. With the development of SCALE 6.3,
we have found it more useful to think of SCALE as a set of products. A product is potentially more than one
sequence and attempts to logically group capabilities around a particular application area. This is useful both
from the standpoint of helping a user identify which sequences they should use and from a development point
of view, as domain experts are assigned to each product. See Table 1.1.1 for the relationships between end
user applications, SCALE products, and sequences.

Table 1.1.1: Relationship between end-user applications, SCALE
products, and sequences

End user Application Area Product Example Sequences
Reactor Physics Polaris polaris
TRITON t-depl
t5-depl
t5-depl
t-depl-1d
Criticality Safety CSAS csas5
csas6b
VADER vader

continues on next page
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Table 1.1.1 — continued from previous page

End user Application Area Product Example Sequences
Spent Fuel Inventory ORIGAMI origami
ORIGEN arp
origen
Activation and Decay ORIGEN couple
origen
Radiation Shielding MAVRIC mavric
Sensitivity and Uncertainty TSUNAMI tsunami-3d-k5
tsunami-3d-k6
tsunami-ip
tsar
tsurfer
tsunami-1d
tsunami-2d
Sampler sampler

The reconceptualization of sequences as products also facilitates management and discussion of certain key
SCALE components, such as nuclear data. Table 1.1.2 briefly describes each product and contains links to
the relevant section(s) in the manual.

Table 1.1.2: SCALE Products

Product Purpose Reference

Fulcrum SCALE Graphical User Interface Sect. 12.3.1

CSAS Solve Monte-Carlo (and deterministic) criti- | Sect. 2.1
cality problems

MAVRIC Solve Monte-Carlo fixed source radiation | Sect. 4.1
transport with automatic variance reduction
for difficult shielding tallies

ORIGAMI Generate fast LWR spent fuel inventory pre- | Sect. 5.4
dictions

ORIGEN General depletion Sect. 5.1.5

Polaris Easy-to-use lattice physics Sect. 3.2

Sampler General Uncertainty Propagation Sect. 6.4

TSUNAMI Sensitivity and experiment selection analysis | Sect. 6.1, Sect. 6.2

VADER Trending analysis Sect. 6.5

TRITON Solve coupled neutron transport and depletion | Sect. 3.1
problems for nuclear reactor systems

XSProc Accurate multi-group cross section self- | Sect. 7.1
shielding methods

DATA Verified and validated SCALE fundamental | Sect. 10.1
nuclear data

AMPX Transform ENDF-formatted data into SCALE | external
libraries

OMNIBUS | Flexible user interface for HPC Applications | external




1.2 SCALE 6.3 UPDATES BY PRODUCT
The new features relative to SCALE 6.2 are described below, organized in terms of products as shown in

Table 1.1.2.

1.2.1 FULCRUM

The major new feature in Fulcrum is the 3D visualization of geometry, including results overlay capability.

Fig. 1.2.1: Fulcrum visualization of geometry including new 3D.

Fig. 1.2.2: Fulcrum visualization of 3D reactor geometry with flux overlay.



1.2.2 CSAS

The key new CSAS feature in 6.3 is the ability to call Shift for neutron transport. The same CSAS user
interface is available for both CSAS-KENO and CSAS-Shift, and the majority of KENO features are
supported by Shift. See Sect. 2.2 for details.

o CSAS-KENO now allows specification of the upper thermal scattering cutoff energy. A value above the
default 10 eV may be necessary for high-temperature graphite—-moderated systems. See Sect. 8.1.7.2.17
for details.

e CSAS now supports reusable energy and spatial grid definitions in the definitions block, especially
useful for producing *.3dmap files for visualization in Fulcrum. See Sect. 2.1.4.2.1 for details.

o Shift can randomly place spheres within volumes, also useful for tristructural isotropic (TRISO)
packing in pebbles. See Sect. 2.2.4.1.3 for details.

1.2.3 VADER

VADER is the modernization of the trending analysis code USLStats previously externally distributed with
SCALE. VADER uses the SON input format introduced in SCALE 6.2. See Sect. 6.5 for details.

1.2.4 MAVRIC

The key new MAVRIC feature in 6.3 is the ability to call Shift for neutron and gamma transport. Append
-shift to the sequence name to use Shift as in the example below.

=mavric-shift
Leakage spectrum of Cf-252 through a heavy water sphere

v7.1-28n19g

read composition
d2o 1 0.99286 293.0 end
h2o 1 0.00714 293.0 end
polyethylene 2 0.882 293.0 end
boron 2 0.118 293.0 end
iron 3 1.0 293.0 end
orconcrete 4 1.0 293.0 end

end composition

read geometry
global unit 1
sphere 10 ©
sphere 11 15.
sphere 21 2. origin x=75.0
cuboid 41 650.0 -650 500 -500 2300 -200
cuboid 42 750.0 -750 600 -600 2400 -300

media 0 1 10
media 11 11 -10
media 0 1 21 vol=33.510322
media 0 1 41 -11 -21
media 4 1 42 -41
boundary 42

end geometry

read definitions
distribution 1

(continues on next page)



(continued from previous page)

title="Cf-252 neutrons, Watt spectrum a=1.025 MeV and b=2.926/MeV"
special="wattSpectrum"”
parameters 1.025 2.926 end
end distribution
end definitions

'

'

Sources Block

Cf-252 neutrons, Watt fission spectrum model

strength set so that total unattenuated flux at detector would be 1
! strength = 4*pi*(75)42

'

'

read sources
src 1
title="Cf-252 neutrons, Watt fission spectrum, using a=1.025 and b=2.926"
neutrons strength=70685.834704
sphere 0.1
eDistributionID=1
end src
end sources

read tallies
regionTally 3
title="example region tally"
neutron
unit=1 region=3
end regionTally
end tallies

read parameters
randomSeed=8655745262010033
batches=10
neutrons noPhotons
fissionMult=0 secondaryMult=0

speed things up for the sample problem
perBatch=20000
end parameters

end data
end

Note: Some features in MAVRIC using the default Monaco transport engine are not yet available in Shift.

1.2.5 TRITON
TRITON was updated with a host of new capabilities in SCALE 6.3.

o TRITON can now call the new Shift Monte Carlo code instead of KENO. Shift was designed with
parallelism and robustness as the highest priorities. With Shift enabled, few-group macroscopic cross

sections on 3D hex and Cartesian meshes can be generated, similar to but more general than existing
capabilities in TRITON-NEWT and Polaris. See Sect. 3.1.3.3.15 for details.

o Shift can randomly place spheres within volumes, which is available in both CSAS-Shift and TRITON-
Shift. See Sect. 2.2.4.1.3 for details.




o A new flow block has been added to the TRITON timetable, intended for simulating molten salt
reactors. See Sect. 3.1.3.3.11 for details.

1.2.6 POLARIS

The main Polaris improvement for 6.3 is a noticeable decrease in runtime, by a factor of 3 to 5 for almost all
use cases. This was enabled through numerous performance-related refactors of the geometry, transport, and
self-shielding components.

In addition, the following updates were made.

e Additional accident-tolerant fuel compositions (see Sect. 3.2.5.9) and new dopant properties (see Sect.
3.2.5.11).

e Polaris can now generate ORIGEN library files (*.f33) (see Sect. 3.2.7.4).
e Gamma detector modeling was added.
e Output file was improved.

See Sect. 3.2.2 for details on the updates.

1.2.7 ORIGEN
Extensive improvements to ORIGEN were made for SCALE 6.3, including the following.

e Modernized library construction integrated into the ORIGEN sequence instead of external the COUPLE
sequence (see Sect. 5.1.5.2.21 for details).

e Sensitivity analysis capability (see Sect. 5.1.5.2.28 for details).
¢ OBIWAN command line utility (see Sect. 5.2 for details).

1.2.8 ORIGAMI

There were minimal changes to ORIGAMI for SCALE 6.3; however, the ORIGEN reactor library data has
been refreshed and includes higher burnups and enrichments (see Sect. 5.3 for details).

1.2.9 XSPROC

The main changes to XSProc for SCALE 6.3 comprise adjustments to the default self-shielding parameters to
reduce biases at high temperature and high burnup, as well as to improve the Bondarenko method accuracy
for fuel models with multiple radial temperature zones. The input below demonstrates a lattice cell with
multiple temperature rings using the fast Bondarenko-based self-shielding method (Bonami).

=csas6 parm=(bonami)
mg-keno with bonami for nonuniform temperature

v7.1-56

read comp
uo2 1 den=10.97 1.0 1200.0 92235 5.0 92238 95.0 end
uo2 2 den=10.97 1.0 1100.0 92235 5.0 92238 95.0 end
uo2 3 den=10.97 1.0 1000.0 92235 5.0 92238 95.0 end
uo2 4 den=10.97 1.0 900.0 92235 5.0 92238 95.0 end
uo2 5 den=10.97 1.0 800.0 92235 5.0 92238 95.0 end
uo2 6 den=10.97 1.0 700.0 92235 5.0 92238 95.0 end
uo2 7 den=10.97 1.0 600.0 92235 5.0 92238 95.0 end

helium 8 1.0 600.0 en

zirc4 9 1.0 600.0 end

h2o0 10 den=0.661 1.0 600.0 end

(continues on next page)
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end comp

read celld
latticecel
pitch=1.
fuelr=0.
fuelr=0.
fuelr=0.
fuelr=0.
fuelr=0.
fuelr=0.
fuelr=0.
gapr=0.4
cladr=0.
end cellda

read param
gen=200
nsk=100
npg=40000
sig=0.000
far=yes
end param

read geome

global uni
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cylinder
cuboid
media
media
media
media
media
media
media
media
media
media

[y

ata

1 squarepitch
4427 10
177473
250985
307393
354946
396842
434719
469550
79100
546400
ta

[y

WoONOOUV A WN

0
1

try

t1

.177473
.250985
.307393
.354946
.396842
.434719
469550
.479100
.546400
p0.72135

D VWO NOOUV A WNER

L N N e N e R e I — I — I — I — I — I — I — I — )

-1
-2
-3
-4
-5
-6
-7
-8
-9

D VWENOOUVTAE WNRR
D VWO NOOUVIEAE WNRE

[y

boundary 10

end geomet.

ry

read bounds

all=mirror
end bounds

end data
end

R R R R ERRRRR
[— I — I — I — I — I — I — I — ]

-1.
-1.
-1.
-1.
-1.
-1.
-1.
-1.
-1.

(= — I — I — I — B — I — I — )




1.2.10 DATA

One of the main data updates for SCALE 6.3 is the inclusion of additional ENDF/B-VIII.O data resources
and the removal of ENDF/B-VIIL.O data. New data resources include the following:

e New ice and other compounds such as reactor-grade graphite present in ENDF/B-VIIL.O.
e Continuous-energy (CE) cross section data based on ENDF/B-VII.1 and ENDF/B-VIILO0.

e New multigroup (MG) libraries for fast-spectrum and thermal-spectrum systems (reactivity and deple-
tion results closer to higher fidelity CE results).

See Sect. 10.1 for details.

Note that all 3D Monte Carlo codes in SCALE (TRITON, CSAS, MAVRIC) support both CE and MG
methods. MG data and methods are faster but more approximate solutions.

1.2.11 SAMPLER

Sampler includes considerable updates to help users understand the causes of uncertainty in their simulations.
Updates include the following:

o New sensitivity metrics for understanding nuclear data responsible for the majority of uncertainty (see
Sect. 6.4.2.5 for details).

o Ability to analyze uncertainty due to delayed neutron data using the new perturb_kinetics option.

e A new analysis block which includes ability to calculate correlation coeflicients between arbitrary
outputs (see Sect. 6.4.3.7 for details).

1.2.12 TSUNAMI
For SCALE 6.3, the following enhancements were made to TSUNAMI.

e New Shift-based iterated fission probability (IFP) method with better performance than previous
KENO-based IFP and Clutch methods.

e Improved performance of TSUNAMI-IP similarity and uncertainty calculations.

e New general HDF5 format for the sensitivity coefficients (see Sect. 6.3.4.1.3 for details).

1.2.13 AMPX

AMPX continues to be included in SCALE 6.3 and has been used exclusively to generate all libraries
described in Sect. 10.1. The major enhancements were modernization related—to increase robustness of
generated CE and MG libraries and to enable reading the new international GNDS data format. AMPX is
now an open-source code system; the newest features are available by contacting the AMPX team.

1.2.14 OMNIBUS

Omnibus is the new frontend for the high-performance Shift Monte Carlo and Denovo deterministic transport
codes that enables cutting-edge execution of Shift on GPU and Hybrid GPU/CPU platforms. As this capability
evolves rapidly, please contact the authors of [IntroPJE+16] for details on getting the latest version of this
frontend and manual [IntroJED+20].


https://www.ornl.gov/division/rnsd/projects/ampx-cross-section-processing

1.3 USING SCALE

SCALE sequences have been incrementally developed over several decades, with the primary goals of
robustness, accuracy, and ease-of-use. One side effect of this evolution can be seen in our user interfaces: the
text-based input that drives a calculation. There is no standard SCALE input. For example, TRITON, CSAS,
and MAVRIC are similar in their style, which predates SCALE 6.2, when numerous new user interfaces were
introduced.

For example:

o The Polaris sequence for lattice physics was modeled after the brevity and conciseness of CASMO and
has a distinct syntax and output.

e The ORIGEN code for general depletion and decay uses the SON syntax introduced in SCALE 6.2 as
a significant upgrade from FIDO, but it keeps the same basic input structure and has a more general
feel compared to Polaris.

e The Sampler code for uncertainty propagation was created with a syntax originally intended to be the
upgrade to the TRITON, CSAS, and MAVRIC style, but it was superseded by SON.

o The shell sequence, which can perform a limited set of common file system operations across platforms.

The SCALE input file is quite flexible in that it can contain numerous sequence inputs executed sequentially.
For example, in the input below, we irradiate a milligram of iron in a beginning-of-life pressurized water
reactor spectrum for one day and then decay for nine days.

=shell
cp ${DATA}/arplibs/wl7_e50.f33 £33
end

=origen

case{
lib{ file=f33 pos=1 }
mat{ iso=[Fe=0.001] units=GRAMS }
flux=[1lel4d O] %neutrons/cm*2-s
time=[ 1 10] %days

}

end

The first =shell sequence copies a specific ORIGEN library from the SCALE data directory to the temporary
working directory. ORIGEN can then find this file to load one-group cross sections for this test irradiation.

1.3.1 RUNNING SCALE FROM FULCRUM

The most convenient way to run SCALE from a desktop is by launching Fulcrum. The Fulcrum executable
is provided in the bin directory where SCALE was installed (e.g., C:\SCALE-6.3.0\bin\Fulcrum. exe).
Fulcrum includes an online help document to assist users with its many features, and it includes links to the
user manual and primers.

1.3.2 RUNNING SCALE FROM THE COMMAND LINE

Using the command line, SCALE can be executed using the scalerte command from the bin directory inside
the SCALE installation (e.g., C:\SCALE-6.3.0\bin\scalerte). Your directory may differ based on the
installation. Assuming the location of scalerte is known, a SCALE input can be run simply as

scalerte -m my.inp

with the -m option requesting SCALE to output status updates to the terminal. See Sect. 12 for details.
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1.4 USER GUIDANCE AND TECHNICAL ASSISTANCE

This SCALE manual serves as the primary reference for SCALE users. The fundamental theory and all code
options are documented herein. Several SCALE primers are available to serve as step-by-step guides for
new users performing common calculations using the GUIs. SCALE training courses are presented several
weeks each year, during which users can interact directly with the software developers and expert users from
ORNL. Additional technical information on SCALE can be found at http://scale.ornl.gov—including training
course schedules, a link to an online user forum, newsletters, benchmark reports, and downloads. Technical
assistance is also provided via email at scalehelp@ornl.gov.

1.5 CODE AVAILABILITY

The SCALE code system is packaged and distributed by the RSICC and is also distributed through the
Organization for Economic Cooperation and Development (OECD) Nuclear Energy Agency (NEA) Data
Bank in France and the Research Organization for Information Science and Technology (RIST) in Japan.

1.6 HISTORY

The SCALE code system dates back to 1969, when ORNL began providing the transportation package
certification staff at the US Atomic Energy Commission (AEC) with computational support in the use of
the new KENO code. KENO was used to perform criticality safety assessments with the statistical Monte
Carlo method. From 1969 to 1976, the AEC certification staff relied on ORNL personnel to assist them
in the correct use of codes and data for criticality, shielding, and heat transfer analyses of transportation
packages. However, the certification staff learned that occasional users had difficulty becoming proficient in
performing the calculations often needed for an independent safety review. Thus, shortly after the certification
staff was moved to the US Nuclear Regulatory Commission (NRC), the NRC proposed development of an
easy-to-use analysis system that provided the technical capabilities of the individual modules with which
they were familiar. With this proposal, the concept of SCALE as a comprehensive modeling and simulation
suite for nuclear safety analysis and design 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) to automate the use
of multiple codes (functional modules) and data to perform a system analysis, and (5) provide complete
documentation and public availability. With these criteria, the ORNL staff laid out the framework for the
SCALE system and began development efforts. The initial version of SCALE (Version 0) was distributed
in July 1980. Although the capabilities of the system continue to evolve, the philosophy established with
the initial release still serves as the foundation of SCALE 6.3, more than 40 years later. In July 1980, the
initial version of SCALE was made available to the Radiation Safety Information Computational Center
(RSICC) at ORNL. This system was packaged and released by RSICC as CCC-288/SCALE 0. Subsequent
additions and modifications resulted in the following releases: CCC-424/SCALE] in 1981; CCC-450/SCALE
2 in 1983; CCC-466/SCALE 3 in 1985; CCC-545/SCALE 4.0 in 1990; SCALE 4.1 in 1992; SCALE 4.2 in
1994; SCALE 4.3 in 1995; SCALE 4.4 in 1998; SCALE 4.4a in 2000; CCC-725/SCALE 5 in 2004; CCC-
732/SCALE 5.1 in 2006; CCC-750/SCALE 6.0 in 2009; CCC-785/SCALE 6.1 in 2011; CCC-834/SCALE
6.2 in 2016.
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2. CRITICALITY SAFETY
Introduction by B. T. Rearden ! and K. B. Bekar

SCALE provides a suite of computational tools for criticality safety analysis primarily based on the Monte
Carlo codes KENO and Shift for eigenvalue neutronics calculations. [CritSafetyGPJD+11], [CritSafe-
tyPJE+16].

Two variants of KENO provide identical solution capabilities with different geometry packages. KENO V.a
uses a simple and efficient geometry package sufficient for modeling many systems of interest to criticality
safety and reactor physics analysts. KENO-VI uses the SCALE Generalized Geometry Package, which
provides a quadratic-based geometry system with much greater flexibility in problem modeling but with
slower runtimes. Both versions of KENO perform eigenvalue calculations for neutron transport primarily to
calculate multiplication factors (keff) and flux distributions of fissile systems in both continuous-energy and
multigroup modes. KENO’s grid geometry capability extends region-based features for accumulating data for
source or biasing parameter specifications, as well as for tallying results from a calculation for visualization
or communication of data into or out of a calculation.

Shift, an advanced Monte Carlo code specifically designed for efficient parallel and GPU executions for
high-performance computers, provides both eigenvalue and fixed-source Monte Carlo transport capabilities
as well as hybrid capabilities for variance reduction methods with the Denovo deterministic transport solver.
[CritSafetyPJE+16], [CritSafetyESSC10]. Shift supports different geometry engines including the Oak
Ridge Adaptable Nested Geometry Engine (ORANGE) designed to provide particle transport capabilities
on both KENO V.a and KENO-VI geometries as well as geometry visualization capabilities in the Fulcrum
user interface. Shift with both versions of KENO geometries performs eigenvalue calculations in both
continuous-energy and multigroup modes. Shift supports most widely used primary capabilities available
with KENO codes.

Capabilities with both KENO codes and Shift code are typically accessed through the integrated SCALE
sequences described below. Criticality safety analysts may also be interested in the sensitivity and uncertainty
analysis techniques that can be applied for code and data validation as described elsewhere in this document.

! Formerly with Oak Ridge National Laboratory.
Criticality Safety Analysis Sequences

The Criticality Safety Analysis Sequences (CSAS) with KENO V.a (CSASS), KENO-VI (CSAS6), and
Shift (CSASS5-Shift, CSAS6-Shift) provide a reliable, efficient means of performing keff calculations for
systems routinely encountered in engineering practice. The CSAS sequences implement XSProc to process
material input and provide a temperature and resonance-corrected cross section library based on the physical
characteristics of the problem being analyzed. If a continuous energy cross section library is specified, no
resonance processing is needed, and the continuous energy cross sections are used directly in KENO, with
temperature corrections provided as the cross sections are loaded.

CSAS sequences with 3D Monte Carlo transport capabilities currently available in SCALE 6.3 are listed
in Table 2.1. The transport module run by each sequence, and the geometry engine used by each transport
module, are also provided in this table. Note that the sequence names CSAS25 and CSAS26—similarly,
CSAS25-Shift and CSAS26-Shift—are only the alias names of the CSAS sequences, and they were added to
the SCALE repository for backward compatibility purposes.
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Table 2.1: Valid CSAS sequences available in SCALE 6.3

Sequence Name Transport Module Geometry Engine
CSASS5, CSAS25 KENO V.a KENO V.a
CSAS6, CSAS26 KENO-VI SGGP !
CSASS-Shift, CSAS25-Shift Shift with KENO V.a geometry =~ ORANGE ?
CSAS6-Shift, CSAS26-Shift Shift with KENO-VI geometry ORANGE

' SGGP is SCALE General Geometry Package

2 ORANGE is a new C++ geometry package, the Oak Ridge Adaptable Nested Geometry Engine, has
been designed to provide particle transport capabilities on both KENO V.a and KENO-VI geometries in
SCALE sequences as well as geometry visualization capabilities in the Fulcrum user interface.

For continuous energy calculations, reaction rate tallies can be requested within the CSAS input, and for
multigroup calculations, reaction rate calculations are performed using the KENO Module for Activity-
Reaction Rate Tabulation (KMART) post-processing tools. A conversion tool is provided to up-convert
KENO V.a input to KENO-VI either as a direct KENO input (K5toK6) or, more commonly, as a CSAS
sequence (C5toC6). Note that these capabilities are only available with CSASS and CSAS6 sequences.

The CSASS search capability available in previous SCALE versions is no longer supported by the CSAS
sequences in SCALE 6.3. Research is being conducted to support the equivalent search capabilities in a more
robust modernized code framework for the next SCALE release.

CSAS sequences support parallel execution of KENO V.a, KENO-VI, and Shift transport modules. When
running on multiple cores, Shift performance is always better than KENO codes since its design was targeted
for high-performance computers.

Criticality Accident Alarm System Analysis with KENO and MAVRIC

Criticality accident alarm systems (CAAS) safety analyses modeling presents challenges because the analysis
consists of a criticality problem and a deep-penetration shielding problem [CritSafetyPPJ09]. Modern codes
are typically optimized to handle one of these types of problems, but not both. The two problems also differ
in size-the criticality problem depends on materials relatively close to the fissionable materials, whereas the
shielding problem can cover a much larger range.

CAAS analysis can be performed using the CSASG criticality sequence and the MAVRIC shielding sequence.
First, the fission distribution (in space and energy) is determined via CSAS6. This information is collected on
a grid geometry that overlies the physical geometry model and is saved as a Monaco mesh source file. The
mesh source is then used as the source term in MAVRIC. The absolute source strength is set by the user to the
total number of fissions (based on the total power released) during the criticality excursion. MAVRIC can be
optimized to calculate a specific detector response at one location or to calculate multiple responses/locations
with roughly the same relative uncertainty. See Sect. 4.2 for further details.

Note: The Sourcerer sequence is no longer supported in SCALE 6.3 because it depends on several legacy
components not supported in SCALE 6.3. The equivalent capability will be designed as another start data
type in CSAS sequences for the next SCALE release.

Note: DEVC sequence is a deprecated capability in SCALE 6.3.
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2.1 CSAS: CONTROL MODULE FOR ENHANCED CRITICALITY SAFETY ANALYSIS SE-
QUENCES WITH KENO

K. B. Bekar, L. M. Petrie ', S. Goluoglu ' D. F. Hollenbach " and N. F. Landers '

The Criticality Safety Analysis Sequences with KENO codes provide reliable and efficient means of perform-
ing keg calculations for systems that are routinely encountered in engineering practice. Two CSAS sequence
implementations, CSASS and CSAS6, with two variants of KENO codes, KENO V.a and KENO-VI, provide
identical solution capabilities with different geometry packages. In the multigroup calculation mode, CSAS
uses XSProc to process the cross sections for temperature corrections and problem-dependent resonance
self-shielding and calculates the k.g of a three-dimensional (3D) system model. If the continuous-energy
calculation mode is selected no resonance processing is needed and the continuous-energy cross sections
are used directly in KENO codes, with temperature corrections provided as the cross sections are loaded.
The geometric modeling capabilities available in KENO codes coupled with the automated cross-section
processing within the control sequences allow complex, 3D systems to be easily analyzed.

The CSASS search capability available in previous SCALE versions is no longer supported by the CSAS5
sequence in SCALE 6.3.

In SCALE 6.3, CSASS5 and CSASG6 support two new sequence data blocks, definitions and tallies data, to
allow flexible definition and output control of mesh tallies. The mesh responses neutron flux, fission rate,
and fission source can now be requested multiple times on different spatial and energy grids in the same
calculation.

! Formerly with Oak Ridge National Laboratory.

2.1.1 ACKNOWLEDGMENTS

CSASS and its related Criticality Safety Analysis sequences are based on the old CSAS2 control module
(no longer in SCALE) and the KENO V.a functional module described in Sect. 8.1. Therefore, special
acknowledgment is made to J. A. Bucholz, R. M. Westfall, and J. R. Knight who developed CSAS2.
G. E. Whitesides is acknowledged for his contributions through early versions of KENO. Appreciation is
expressed to C. V. Parks and S. M. Bowman for their guidance in developing CSASS.

2.1.2 INTRODUCTION

Criticality Safety Analysis Sequence with KENO V.a (CSASS5) and KENO-VI (CSAS6) provide reliable
and efficient means of performing k. calculations for systems that are routinely encountered in engineering
practice, especially in the calculation of kg of three-dimensional (3D) system models. CSASS and CSAS6
implement XSProc to process material input and provide a temperature and resonance-corrected cross-section
library based on the physical characteristics of the problem being analyzed. If a continuous energy cross-
section library is specified, no resonance processing is needed and the continuous energy cross sections are
used directly in KENO codes, with temperature corrections provided as the cross sections are loaded.

The search capability available in the CSASSS in previous SCALE versions is no longer supported by the
CSASS in SCALE 6.3. This capability was excluded when doing modernization work for CSAS sequences
in SCALE 6.2 and permanently disabled in SCALE 6.3 due to the inconsistencies between the legacy code
implementation and the modern CSAS framework. Research is being continued to support equivalent search
capabilities in a more robust modernized code framework for the next SCALE release.

In SCALE 6.3, CSASS5 and CSASG6 support two new sequence data blocks, definitions and tallies data, to
allow flexible definition and output control of mesh tallies. The mesh responses neutron flux, fission rate,
and fission source can now be requested multiple times on different spatial and energy grids in the same
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calculation. This capability helps users efficiently manage computational resources when collecting detailed
information, depending on their requirements. For example, fission density can be tallied in a very fine spatial
mesh in a few energy groups while performing calculations in high resolution with SCALE’s very fine group
multigroup library (1597 energy groups), or fission density can be tallied on multiple spatial fine meshes
rather than using a large global fine mesh to keep the runtime and memory footprint of the calculation at
reasonable levels.

2.1.3 SEQUENCE CAPABILITIES

In the CSAS sequence framework, SCALE data handling is automated as much as possible. CSAS and
many other SCALE sequences apply a standardized procedure to provide appropriate number densities and
cross sections for the calculation. XSProc is responsible for reading the standard composition data and
other engineering-type specifications, including volume fraction or percent theoretical density, temperature,
and isotopic distribution as well as the unit cell data. XSProc then generates number densities and related
information, prepares geometry data for resonance self-shielding and flux-weighting cell calculations, if
needed, and (if needed) provides problem-dependent multigroup cross-section processing. Sequences that
execute KENO codes include a KENO Data Processor to read and check the KENO data. When the data
checking has been completed, the control sequence executes XSProc to prepare a resonance-corrected
microscopic cross-section library in the AMPX working library format if a multigroup library has been
selected.

For each unit cell specified as being cell-weighted, XSProc performs the necessary calculations and produces
a cell-weighted microscopic cross-section library. KENO codes may be executed to calculate the k.g or
neutron multiplication factor using the cross-section library that was prepared by the control sequence.

Computational capabilities available in KENO codes—including the determination of k-effective, neutron
lifetime, generation time, energy-dependent leakages, energy- and region-dependent absorptions, fissions,
the system mean-free-path, the region-dependent mean-free-path, average neutron energy, flux densities,
fission densities, reaction rate tallies, mesh tallies, source convergence diagnostics, problem-dependent
continuous-energy temperature treatments, parallel calculations, restart capabilities, and many more—are
also provided by the CSASS sequence. Details of each capability, their input methods, and output edits are
provided in Sect. 8.1 of this document and will not be repeated here.

2.1.3.1 Multigroup limitations

The CSAS control module was developed to use simple input data and prepare problem-dependent cross sec-
tions for use in calculating the effective neutron multiplication factor of a 3D system using KENO codes,
KENO V.a and KENO-VI. An attempt was made to make the system as general as possible within the
constraints of the standardized methods chosen to be used in SCALE. Standardized methods of data input
were adopted to allow easy data entry and for quality assurance purposes. Some of the limitations of the
CSAS multigroup sequences are a result of using preprocessed multigroup cross sections. Inherent limitations
in multigroup CSAS calculations are as follows:

1. Two-dimensional (2D) effects such as fuel rods in assemblies where some positions are filled
with control rod guide tubes, burnable poison rods and/or fuel rods of different enrichments. The
cross sections are processed as if the rods are in an infinite lattice of identical rods. If the user
inputs a Dancoff factor for the cell (such as one computed by MCDancoff), XSProc can produce
an infinite lattice cell, which reproduces that Dancoff. This can mitigate some two dimensional
lattice effects
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2.1.3.2 Continuous energy limitations

When continuous energy KENO calculations are desired, none of the resonance processing capabilities of
XSProc are applicable or needed. The continuous energy cross sections are directly used in KENO. An
existing multigroup input file can easily be converted to a continuous energy input file by simply specifying
the continuous energy library. In this case, all cell data is ignored. However, the following limitations exist:

1. If CELLMIX is defined in the cell data, the problem will not run in the continuous energy mode.
CELLMIX implies new mixture cross sections are generated using XSDRNPM-calculated cell fluxes
and therefore is not applicable in the continuous energy mode.

2. Only VACUUM, MIRROR, PERIODIC, and WHITE boundary conditions are allowed. Material-
specific albedos, e.g., WATER, CARBON, POLY, etc., are for multigroup only.

3. Problems with DOUBLEHET cell data are not allowed as they inherently utilize CELLMIX feature.

2.1.4 INPUT DATA GUIDE

This section describes the input data required for the CSAS with KENO transport codes. A typical CSAS
input, shown in Example 2.1.1, starts with the sequence identifier always preceded by the = sign (=CSAS5
and =CSAS6), and it is followed by the problem title. Then, a cross section library name is specified, and all
these entries are followed by several data blocks each starting with READ data_block and ending with END
data_block.

Example 2.1.1: A typical CSAS sequence input

=sequence_identifier parm=(parm_options)
problem title

fee XSProc data
' cross section library name (REQUIRED)

ce_v7.1

" List of material specifications in standard SCALE format (REQUIRED)
read composition

end composition

' Specify data for resonance processing (OPTIONAL)
read celldata

end celldata

' -—-- New CSAS sequence data blocks

' Used to define energy bounds and grid geometries for

' the tallies defined in tallies data block

" (REQUIRED if tallies data block exists)

read definitions

end definitions

' Used to define tallies in a more robust way (OPTIONAL)
read tallies

end tallies

' ---- KENO transport data
' Specify the problem geometry (REQUIRED)
read geometry

(continues on next page)
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(continued from previous page)

end geometry

' Other input data blocks (OPTIONAL)

The input data for the CSAS sequence are composed of three broad categories of data, as shown in Example
2.1.1. The first is XSProc data, including Standard Composition Specification Data and Unit Cell Geometry
Specification Data. This first category specifies the cross section library and then defines the composition
of each mixture and optionally unit cell geometry that may be used to process the cross sections. This data
block is necessary for the CSAS sequence.

Note: Sequence implementation determines the calculation (transport) mode automatically, either as
multigroup or continuous-energy, by testing the cross section library whose name has been entered.

Warning: Continuous-energy mode does not process data entered in celldata data block(s).

The second category of data, the CSAS sequence input data, includes two new data blocks, definitions data
and tallies data, for flexible tally definitions. These new blocks available in all CSAS sequences in SCALE
6.3 currently provide only accumulation of neutron flux, fission rate, and neutrons produced from fission on
different energy and spatial grids. Although similar to capabilities activated with old-style KENO parameter
input methods (with GFX, CDS, and FIS as described in Sect. 8.1.3.3), these input methods do not allow
tallying the requested quantities on different energy and spatial grids. This limitation is relaxed with the new
CSAS input blocks.

The third category of data, the KENO input data, is used to specify the geometric and boundary conditions
that represent the physical 3D configuration of a KENO problem.

CSAS ensures data consistency among these three category of data. For example, it verifies that mixture
numbers used in the KENO geometry data block must correspond to those defined either in the composition
data or celldata data blocks. Note that in multigroup mode, a unique mixture number can be specified in
the celldata data block by CELLMIX= if the cell is cell-weighted.

Note: As depicted in Example 2.1.1, a successful CSAS calculation requires at least a problem title
and cross section library definitions, followed by composition data and geometry data. Depending on
the requirements of the problem, other optional data blocks can be activated. Following CSASS input
demonstrates this minimal requirement.

=csas5
sample problem 14 u metal cylinder in an annulus
ce_v7.1

read comp
uranium 1 den=18.69 1 300 92235 93.2 92238 5.6 92234 1.0 92236 0.2 end
end comp

read geom
global unit 1
cylinder 1 1 8.89 10.109 0.0 orig 5.0799 0.0

(continues on next page)
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cylinder 0 1 13.97 10.109 0.0
cylinder 1 1 19.05 10.109 0.0
end geom
end data
end

Unlike the CSASS5 and CSASG6 versions in previous SCALE releases, in SCALE 6.3, user can enter all
data blocks in any order in both CSASS and CSASG6 inputs. Following CSASS input illustrates this input
flexibility.

=csas5
sample problem 14 u metal cylinder in an annulus
ce_v7.1

read geom
global unit 1
cylinder 1 1 8.89 10.109 0.0 orig 5.0799 0.0
cylinder 0 1 13.97 10.109 0.0
cylinder 1 1 19.05 10.109 0.0
end geom

read comp
uranium 1 den=18.69 1 300 92235 93.2 92238 5.6 92234 1.0 92236 0.2 end
end comp

end data
end

All data are entered in free form, allowing alphanumeric data, floating-point data, and integer data to be
entered in an unstructured manner. Up to 252 columns of data entry per line are allowed. Data can usually
start or end in any column with a few exceptions. As an example, the word END beginning in column 1 and
followed by two blank spaces or a new line will end the problem and any data following will be ignored.
Each data entry must be followed by one or more blanks to terminate the data entry. For numeric data, either
a comma or a blank can be used to terminate each data entry. Integers may be entered for floating-point
values. For example, 10 will be interpreted as 10.0. Imbedded blanks are not allowed within a data entry
unless an E precedes a single blank as in an unsigned exponent in a floating-point number. For example,
1.0E 4 would be correctly interpreted as 1.0 x 10*.

The word “END” is a special data item. An “END” may have a name or label associated with it (e.g., “END
DATA”). The name or label associated with an “END” is separated from the “END” by a single blank and
is a maximum of 12 characters long. At least two blanks or a new line MUST follow every labeled and
unlabeled “"END™". It is the user’s responsibility to ensure compliance with this restriction. Failure to observe
this restriction can result in the use of incorrect or incomplete data without the benefit of warning or error
messages.

Multiple entries of the same data value can be achieved by specifying the number of times the data value is to
be entered, followed by either R, \*, or §, followed by the data value to be repeated. Imbedded blanks are not
allowed between the number of repeats and the repeat flag. For example, 5R12, 5%12, 5$12, or 5R 12, etc.,
will enter five successive 12’s in the input data. Multiple zeros can be specified as nZ where n is the number
of zeroes to be entered.

The purpose of this section is to define the input data in discrete subsections relating to a particular type of
data. Tables of the input data are included in each subsection, and the entries are described in more detail in
the appropriate sections.
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Resonance-corrected cross sections are generated using the appropriate boundary conditions for the unit cell
description (i.e., void for the outer surface of a single unit, white for the outer surface of an infinite array of
cylinders). As many unit cells as needed may be specified in a problem. A unit cell is cell-weighted by using
the keyword “CELLMIX=" followed by a unique user specified mixture number in the unit cell data.

To check the input data without actually processing the cross sections and without performing transport
calculations, the sequence parameter options PARM=CHECK or PARM=CHK should be entered, as shown below.

=CSAS5 PARM=CHK

=CSAS6 PARM=CHK

This will cause the input data for CSAS to be checked and appropriate error messages to be printed. If plots
are specified in the data, they will be printed. This feature allows the user to debug and verify the input data
while using a minimum of computer time.

2.1.4.1 XSProc data

The XSProc reads the standard composition specification data and the unit cell geometry specifications.
It then produces the mixing table and unit cell information necessary for processing the cross sections if
needed. Sect. 7 of this manual provides a detailed description of the input data and processing options. CSAS
sequences are responsible for passing data such that mixing table and problem-dependent cross sections
from XSProc calculations are conveyed to the transport calculations. Note that reported elapsed time in each
transport calculation does not include the time required to process and prepare multigroup cross section data.
When running the transport module concurrently on multiple cores, these data are broadcasted to all instances
of the transport module running on each computational node.

In contrast, in continuous-energy mode, only mixing table data generated from XSProc utilities are passed to
the transport module. In addition to this, the defined continuous-energy data library is first verified by the
utilities that exist in XSProc, and then temperature correction is applied to each nuclide data using the defined
temperatures when loading these data from disk by each instance of the transport module. Therefore, elapsed
time reported at the end of each transport module calculation also includes the time spent on temperature
correction and data loading.

In multigroup mode, the XSProc calculation path for each unit cell is always determined with the following
hierarchy to prepare the problem-dependent multigroup cross section data:

o All non-fissionable cells are processed with BONAMI by default, and this cannot be changed.

o All fissionable cells are processed with CENTRM by default, and this can be overridden by defin-
ing a cross section processing option with the sequence parameter option (PARM=BONAMI or
PARM=2REGION).

e Double-het cells defined in the celldata data block are always processed with CENTRM, and this
cannot be changed.

CSAS sequences always print a cross section processing summary of the cells used/defined in the problem.
This can be seen in Sect. 2.1.5.3. See Sect. 7 of this manual for detailed description of these unit cell
processing options.
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2.1.4.2 CSAS input data

Two new data blocks, definitions data and tallies data, are currently supported by CSAS sequences to
provide flexible tally definitions. These new data blocks are currently available to define the mesh responses
flux, fission_density, and fission_source on different spatial and energy grids. This section introduces these
two new data blocks and discusses the limitations with some details.

Definitions data

The definitions data input block allows (1) multiple spatial grids to be defined using the gridGeometry data
blocks inside the definitions data block, and (2) multiple energy grids to be defined using the energyBounds
data inside the definitions data block. The syntax for defining a gridGeometry inside a definitions block is
the same as defining a standalone grid at the root level of input (i.e., KENO’s gridgeometry data block).
The syntax for defining energyBounds is already used for defining energy grids in the MAVRIC sequence.
See Sect. 8.2 for further details.

In addition to specifying a list of individual energy group boundaries, equal-width energy bins and equal-
width lethargy bins can be requested. Moreover, any available SCALE library structure can be requested (e.g.,
n56 for the group structure from SCALE’s 56-group neutron library). CSASS allows using combinations of
some of these input methods, as shown in the example given in Example 2.1.2.

Note: As shown in example given Example 2.1.2 READ keyword is not required when defining energy
boundaries with energyBounds data block. This may show differences from one CSAS sequence to another.

Example 2.1.2: Typical spatial and energy grid specifications in the definitions data block

READ DEFINITIONS

read grid 1
xlinear 30 -10 70
ylinear 10 -20 60
zlinear 50 -30 40
end grid

read grid 2
numxcells=10 xmin=-18.5 xmax=+68.5
numycells=25 ymin=-28.5 ymax=+58.5
numzcells=10 zmin=-38.5 zmax=+48.5
end grid

'user specified energy grid
read energyBounds 1

bounds 2e7 0.625 le-5 end
end energyBounds

'user specified energy grid using equal-energy bins
energyBounds 2

linear=10 le-5 2e7
end energyBounds

'user specified energy grid using equal-lethargy bins
energyBounds 3

logarithmic=10 le-5 2e7
end energyBounds

'SCALE 56-group neutron structure with additional energy points'
energyBounds 10

(continues on next page)
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n56
bounds 1.1 0.11 0.011 0.6011 end
energyBounds

END DEFINITIONS

In continuous-energy mode, a special DEFAULT keyword allows modification of the default energy group
structure that was previously defined with the NGP parameter and/or the KENO energy data block.

Note: The default energy group structure is currently acquired from the SCALE 252-group neutron library.
This may be overridden by defining data with the NGP parameter, data in the KENO energy data block, or
data in the definitions data block entered with DEFAULT keyword.

Caution: CSAS does not allow using definitions data block together with KENO NGP parameter and/or
KENO energy data block.

Caution: CSAS does not allow using definitions data block together with KENO FIS, GFX, CDS, and
MSH parameters.

In multigroup mode, DEFAULT energy boundaries are always obtained from the multigroup library used
by KENO codes in the neutron transport calculation, and this cannot be overriden by a DEFAULT energy
boundaries specification in the definitions data block. In other words, an energyBounds DEFAULT is not
permitted in multigroup mode.

Warning: In multigroup mode, DEFAULT energy boundaries are always acquired from the library used
by the KENO V.a transport, and it cannot be changed.

Caution: In multigroup calculations, energy points of the user-defined energy boundaries must be a
subset of the energy points of the energy structure obtained from the multigroup library used by KENO
transport. Otherwise, execution will be terminated and an appropriate error message is displayed.

The sample definitions data block given in Example 2.1.3 defines an energy grid labeled 1 and an energy grid
labeled DEFAULT in the definitions data block.

Example 2.1.3: Definitions data block with DEFAULT energyBounds specification

READ DEFINITIONS

'user defined energy grid 1
read energyBounds 1
bounds 2e7 0.625 le-5 end

(continues on next page)
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end energyBounds

'user defined default energy grid
energyBounds DEFAULT
bounds 2e7 8.2e5 2.0e4 1.05e2 5.0 0.65 0.15 0.04 1.e-5 end
end energyBounds

END DEFINITIONS

When using this definitions block in continuous-energy mode, KENO codes read DEFAULT energy bound-
aries from the definitions data and utilizes these data in all tally calculations (energyBounds DEFAULT
overrides the current default that is acquired from the SCALE 252-group library) if requested otherwise in
the tallies block for the supported mesh responses. The two energy boundaries read from definitions data are
printed in KENO’s energy boundaries edit in the output as shown in Fig. 2.1.1.

e T T

* % %k * % %k
*kk energy boundaries *kk
* %k %k * %k %k
*k ok 2 sets of energy group boundaries are either specified or internally setup for this problem *k ok
* kK * kK

e I T TS

*%%% Energy group boundaries utilized in this problem #*#¥*%

Energy Boundaries DEFAULT
title: Acquired from the specification in 'read definition™ block
group energy (ev)

.00000E+07
.20000E+05
.00000E+04
.05000E+02
.00000E+00
.50000E-01
.50000E-01
.00000E-02
.00000E-05

©®NOAU R WN R
HFBROUHN®ON

Energy Boundaries 1
group energy (eV)

1 2.00000E+07
2 6.25000E-01
1.00000E-05

*%%%% warning ***** keno message number k6-410 follows:
energy boundaries marked as DEFAULT will be used in all tally calculations if otherwise not requested.

Fig. 2.1.1: Sample energy boundaries output edit when running CSAS with the above definitions data in the
continuous-energy mode.

Unlike continuous-energy mode, when the data defined in the sample definition block given above are
processed in mutigroup mode, reading the energy boundaries DEFAULT from the definitions data is ignored,
and the user is notified with a warning message, as shown in Fig. 2.1.2. However, the calculation is
terminated because the energy boundaries given with energy identifier 1 does not conform to the default
energy boundaries acquired from the library used by KENO transport (in this test case, the SCALE 28-group
neutron and 19-group gamma library was used). The corresponding error message is also shown in Fig. 2.1.2
printed to the output just before the code termination.
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*%k%k% warning ***** csas message number cs-400 follows:
ignore reading energy group boundaries from definitions data that are marked as DEFAULT since this is a multi group
calculation.

*kkk% @rror ***** keno message number k5-388 follows:
inconsistent energy intervals. energy boundaries specified in definitions data with the identification number 1
must be a sub set of the DEFAULT enerqgy boundaries acquired from the multi group library used by transport.

*%%%k% warning ***** keno message number k5-378 follows:
in multi group mode, DEFAULT energy boundaries used for tallying are always obtained from the multi group library used by
transport.

Fig. 2.1.2: CSAS terminates execution with an error message when the definitions data given above are used
in multigroup mode.

Tallies data

The new tallies data input allows mesh responses to be requested using any energy grid and/or spatial grid
from the definitions block. Three response types shown in Table 2.1.1 were added as mesh tally options for
CSAS. Note that the same responses can also be activated by GFX, FIS, and CDS, but only using the default
energy boundaries.

Table 2.1.1: Mesh tallies available with tallies data block.

Description Old KENO input method to activate the same tally New response name in t
Neutron flux averaged over mesh volumes GFX flux

Fission rates per voxel volume FIS fission_density
Neutron production per voxel volume (DS fission_source

Note: Either input method (parameter input or tallies data) can be used to request the mesh tallies de-
scribed in Table 2.1.1. It is recommended to request mesh tallies using the new response names (flux,
fission_density, fission_source) with the tallies data block rather than the old-style parameter inputs
(GFX, FIS, CDS) with the limited energy and spatial grid options.

A typical mesh tally input block is given in Example 2.1.4. Each spatial and energy grid used by each mesh
tally must be defined in the definitions data block. Note that, as shown in Example 2.1.4, the same mesh
response can be defined multiple times using different spatial and energy grids.

Example 2.1.4: Typical mesh tally specifications in tallies data

READ TALLIES

read mesh 1
response=FLUX
grid=1
energy= 1

end mesh

read mesh 2

(continues on next page)
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(continued from previous page)

response=FISSION_DENSITY
grid=2
energy=2

end mesh

read mesh 3
response=FISSION_SOURCE
grid=3
energy=default

end mesh

read mesh 13
response=FISSION_SOURCE
grid=3
energy=2

end mesh

END TALLIES

The KENO codes in SCALE 6.3 support multiple sets of energy group boundaries for tallying purposes. A
data container was designed to store all energy boundaries that are either set up by KENO for some internal
use or specified by the user. Note that multiple sets of energy boundaries can be defined only by using the
new definitions data block available in CSAS and TRITON sequences. In continuous-energy mode, KENO
with the NGP parameter or data in energy data block provides only a single set of energy boundaries, and
these always override KENO’s default energy group boundaries used in all tallies.

After processing data entered in the definitions and tallies data blocks, KENO codes print the summary of
all corresponding definitions in energy boundaries, grid definitions, and tally definitions output edits. The
following sample input can be used to demonstrate the new output edits in KENO codes with continuous-
energy mode:

read definitions

read gridgeometry 11
numxcells=2 numycells=2 numzcells=2
xmin=-0.73 xmax=0.73
ymin=-0.73 ymax=0.73
zmin=0 zmax=10.0
end gridgeometry

read gridgeometry 12
numxcells=2 numycells=2 numzcells=8
xmin=-0.73 xmax=0.73
ymin=-0.73 ymax=0.73
zmin=0 zmax=10.0
end gridgeometry

read gridgeometry 13
numxcells=4 numycells=2 numzcells=4
xmin=-0.73 xmax=0.73
ymin=-0.73 ymax=0.73
zmin=0 zmax=10.0
end gridgeometry

read energyBounds 12
title "ebounds is a sub-set of 8 group MG test library"
bounds
2.00000E+07
1.05000E+02
5.00000E+00
1.00000E-05

(continues on next page)
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(continued from previous page)

end
end energyBounds

read energyBounds DEFAULT
title "SCALE 8 group test library structure"
bounds
.00000E+07
.20000E+05
.00000E+04
.05000E+02
.00000E+00
.50000E-01
.50000E-01
.00000E-02
.00000E-05

bR OOUVTE NN

end
end energyBounds

end definitions

read tallies
read mesh 1
energy=DEFAULT
grid=11
response=FLUX
end mesh

read mesh 2
energy=DEFAULT
grid=12
response=FLUX

end mesh

read mesh 3
energy=12
grid=13
response=FLUX

end mesh

read mesh 100
energy=12
grid=12
response=FISSION_DENSITY
end mesh

read mesh 200
energy=DEFAULT
grid=13
response=FISSION_DENSITY
end mesh

read mesh 1000
energy=12
grid=11
response=FISSION_SOURCE
end mesh

read mesh 1080
energy=DEFAULT
grid=13
response=FISSION_SOURCE
end mesh

end tallies

The energy boundaries output edit depicted in Fig. 2.1.3 summarizes the data stored in the energy boundaries
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data container. For the above sample problem, two sets of energy group boundaries are read from the
definitions data and stored in the data container.

dkdkkkkkkkkkkkkkk ko hkhkkkkkkk ko kkkkhkkkkkkkhkh ok hk ko ko khkkkhh ko ko ohkkhkk ok k ko kkdkhk ok kkhhkkhkkhkkkhhkkhhkkhkkhhhkh ok kk k&

%* k% * k%
EEE energy boundaries R
T T
ko 2 sets of energy group boundaries are either specified or internally setup for this problem Ek
%* k% * k%

e e T T

**¥** Energy group boundaries utilized in this problem *#***

Energy Boundaries DEFAULT
title: Acquired from the specification in 'read definition™ block
group energy (ev)

.00000E+07
.20000E+05
.00000E+04
.05000E+02
.00000E+00
.50000E-01
.50000E-01
.00000E-02
.00000E-05

@uOU B W N
s oW NN

Energy Boundaries 1
group energy (eV)

1 2.00000E+07
2 6.25000E-01
1.00000E-05

**%%¥% ywarning ***** keno message number k5-410 follows:
energy boundaries marked as DEFAULT will be used in all tally calculations if otherwise not requested.

Fig. 2.1.3: Energy boundaries edit in KENO output

Another edit that was added to KENO’s output is the grid definitions edit, which summarizes the mesh grids
that were either defined by the user or automatically constructed by KENO for Shannon entropy tallies. The
grid definitions output edit corresponds to the above provided sample input and is shown in Fig. 2.1.4. Note
that Fig. 2.1.4 shows only a part of the mesh tallies output edit.
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*kk ok k

i grid definitions *kk
* ok ok * k%
*kk 4 grid geometries have been defined (either read from user input or constructed for internal use) *kk
* ok k * %k ok

Kkhkkhkhkhhhkhkhkhhhhhhhhhhkhdhdhhhhh bk dhd bbbk hhh bbbk hd bk hkkhdh kb kb hdhh kb hkd kbbb hdhhhhhhhkhkdkhhhhdhhdk bk hhhhdhdhkx
*%%% Grid geometries utilized in this problem ***%*

Grid Geometry: 11

title:

Plane Summary
X 2 cells from -7.30001E-01 to 7.30001E-01
y: 2 cells from -7.30001E-01 to 7.30001E-01
z: 2 cells from -1.00000E-05 to 1.00000E+01

Total number of cells: 8

x-planes y-planes z-planes
1 -7.30000729999998E-01 -7.30000729999998E-01 -9.99999997475243E-06
2 0.00000000000000E+00 0.00000000000000E+00 5.00000000000000E+00
3 7.30000729999998E-01 7.30000729999998E-01 1.00000100000000E+01

Grid Geometry: 12

title:

Plane Summary
X3 2 cells from -7.30001E-01 to 7.30001E-01
y: 2 cells from -7.30001E-01 to 7.30001E-01
z: 8 cells from -1.00000E-05 to 1.00000E+01

Total number of cells: 32

x-planes y-planes z-planes
1 -7.30000729999998E-01 -7.30000729999998E-01 -9.99999997475243E-06
2 0.00000000000000E+00 0.00000000000000E+00 1.25000000000000E+00
3 7.30000729999998E-01 7.30000729999998E-01 2.50000000000000E+00
4 3.75000000000000E+00
5 5.00000000000000E+00
6 6.25000000000000E+00
7 7.50000000000000E+00
8 8.75000000000000E+00
9 1.00000100000000E+01
Grid Geometry: 13
title:
Plane Summary
X3 4 cells from -7.30001E-01 to 7.30001E-01
y: 2 cells from -7.30001E-01 to 7.30001E-01
z: 4 cells from -1.00000E-05 to 1.00000E+01
Total number of cells: 32
x-planes y-planes z-planes
1 -7.30000729999998E-01 -7.30000729999998E-01 -9.99999997475243E-06
2 -3.65000000000000E-01 0.00000000000000E+00 2.50000000000000E+00
3 0.00000000000000E+00 7.30000729999998E-01 5.00000000000000E+00
4 3.65000000000000E-01 7.50000000000000E+00
5 7.30000729999998E-01 1.00000100000000E+01

Grid Geometry: 10001
title: Default 5 x 5 x 5 Cartesian mesh which overlays the entire geometry
Plane Summary

5 cells from -7.30001E-01 to 7.30001E-01

5 cells from -7.30001E-01 to 7.30001E-01

5 cells from -1.00000E-06 to 1.00000E+01

Total number of cells: 125

X:
y:
z:

x-planes y-planes z-planes
1 -7.30000999999997E-01 -7.30000999999997E-01 -9.99999997475243E-07
2 -4.38000599999998E-01 -4.38000599999998E-01 2.00000120000000E+00
3 -1.46000199999999E-01 -1.46000199999999E-01 4.00000339999999E+00
4 1.46000200000000E-01 1.46000200000000E-01 6.00000559999999E+00

Fig. 2.1.4: Grid definitions edit in KENO output

The tally definitions output edit summarizes the specifications of tallies defined in tallies block. Currently,
only mesh tally edits are supported, and this is shown in Fig. 2.1.5 for the above sample input.
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L

* Kk
* Kk
* Kk

*k ok 7 mesh tallies have been defined

*k ok

tally definitions

L

mesh tally 1
response
grid id
energy id :
output

mesh tally 2
response
grid id
energy id :
output

mesh tally 3
response
grid id
energy id :
output

mesh tally 100
response
grid id
energy id :
output

mesh tally 200
response
grid id
energy id :
output

mesh tally 1000
response
grid id
energy id :
output

mesh tally 1080
response
grid id
energy id :
output

After the calculations have been completed for all the requested tallies, KENO also prints another output table
that summarizes the mesh tallies, as shown in Fig. 2.1.6. Other than the mesh tally input specifications, the
mesh tallies output edit also summarizes the intervals of the energy and spatial grids used in tally calculations
and approximate memory allocation required to compute and write this tally to 3dmap output file. Note that

*%%% Mesh tallies defined for this problem ****

: flux
: 11

Default

: csas5_CE_multiple mesh_tallies.

: flux
: 12

Default

: csas5_CE_multiple mesh_tallies.

: flux
: 13

12

: csas5_CE_multiple mesh_tallies.

: fission_density
2 12

12

: csas5_CE_multiple mesh tallies.

: fission_density
: 13

Default

: csas5_CE_multiple _mesh_tallies

: fission_source
: 11

12

: csas5_CE_multiple_mesh_tallies

: fission_source
: 13

Default

: csas5_CE_multiple_mesh_tallies

meshtally 1 flux.3dmap

meshtally 2 flux.3dmap

meshtally 3_flux.3dmap

meshtally 100_fission_density

.meshtally 200_fission_density

.meshtally 1000_fission_source

.meshtally_ 1080_fission_source

Fig. 2.1.6 shows only a part of the mesh tallies output edit.
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*%%%* mesh tallies ****
7 mesh tallies computed for this problem

mesh tally 1

response : flux
grid id : 11
energy id : Default
memory allocated : 0.001 MB

output csas6_CE_multiple_mesh_tallies.meshtally 1_flux.3dmap
energy boundaries:
group energy (eV)
1 2.00000E+07
2 8.20000E+05
3 2.00000E+04

6 6.50000E-01
7 1.50000E-01
8 4.00000E-02

1.00000E-05

grid summary:

X 2 cells from -7.30001E-01 to 7.30001E-01
y: 2 cells from -7.30001E-01 to 7.30001E-01
z: 2 cells from -1.00000E-05 to 1.00000E+01

Total number of cells: 8

mesh tally 2

response : flux
grid id : 12
energy id : Default
memory allocated : 0.004 MB

output csas6_CE_multiple_mesh_tallies.meshtally 2_ flux.3dmap
energy boundaries:
group energy (eV)
1 2.00000E+07
2 8.20000E+05
3 2.00000E+04

6 6.50000E-01
7 1.50000E-01
8 4.00000E-02

1.00000E-05

grid summary:

X: 2 cells from -7.30001E-01 to 7.30001E-01
y: 2 cells from -7.30001E-01 to 7.30001E-01
z: 8 cells from -1.00000E-05 to 1.00000E+01

Total number of cells: 32

mesh tally 3

response : flux
grid id : 13
energy id : 12
memory allocated : 0.001 MB

output csas6_CE_multiple mesh_tallies.meshtally 3_flux.3dmap

Fig. 2.1.6: Mesh tallies edit in KENO output

See the relevant subsections in Sect. 8.1.5 for further details for all these output edits.
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Mesh tally output files

Depending on the user input specifications, the naming of the mesh tally 3dmap output files show some
variations. Table 2.1.2 lists the 3dmap output filenames for each response type if only a single tally was
requested for each response type. And, Table 2.1.3 lists the 3dmap output filenames for each response type
if multiple mesh tallies are requested with the same response type. In such a case, the output filenames are
updated with the keyword meshtally followed by the mesh id (mesh identifier used to define each mesh in
tallies data).

Table 2.1.2: Mesh tally 3dmap file naming when a single response
is requested

response 3dmap file name

flux ${BASENAME} . flux.3dmap
fission_density ${BASENAME}.fission_density.3dmap
fission_source ${BASENAME}. fission_source. 3dmap

Note: Mesh tallies activated with old-style input method (using the GFX, CDS, and FIS parameters) also use
the definitions for 3dmap file naming given in Table 2.1.2.

Table 2.1.3: Mesh tally 3dmap file naming when a response is
requested multiple times

response 3dmap file name

flux ${BASENAME} .meshtally_${MESHID}_flux.3dmap
fission_density ${BASENAME}.meshtally_${MESHID}_ fission_density.3dmap
fission_source ${BASENAME} .meshtally_${MESHID}_fission_source.3dmap

2.1.4.3 KENO data

Table 2.1.4 contains the outline for the KENO input. A typical KENO input is divided into 13 data blocks. A
brief outline of commonly used data blocks is shown in Table 2.1.4. Note that parameter data must precede
all other KENO data blocks when running standalone KENO codes; however, this is not applied to the KENO
calculations performed as part of each CSAS sequence. As described in above sections, a minimal CSAS
input always requires geometry data, and KENO data blocks listed in Table 2.1.4 can be defined in any
order.

Information on all KENO input is provided in Sect. 8.1 of this document and will not be repeated here.

Table 2.1.4: Outline of KENO data

Type of data Starting flag Comments Termination flag

Parameters READ PARAME- | Enter desired parameter data END PARAME-
TER TER

Geometry READ GEOME- | Enter desired geometry data END GEOME-
TRY ! Always required by CSAS TRY

Array data READ ARRAY ' | Enter desired array data END ARRAY

continues on next page
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Table 2.1.4 — continued from previous page

Type of data Starting flag Comments Termination flag

Boundary condi- | READ BOUNDS | Enter desired boundary conditions END BOUNDS

tions

Volume data READ VOLUME | Enter desired volume data (KENO-VI | END VOLUME

only)

Energy group | READ ENERGY | Enter desired neutron energy group | END ENERGY

boundaries boundaries

Start data or initial | READ START Enter desired start data END START

source

Plot data READ PLOT Enter desired plot data END PLOT

Grid geometry | READ GRID Enter desired mesh data END GRID

data

Reaction READ REAC- | Enter desire reaction tallies (CE mode | END REACTION
TION only)

KENO data termi- | END DATA Enter to signal the end of all KENO. data

nus

' Geometry input is different for both KENO V.a and KENO-VI See Sect. 8.1.3.4 for further details.

Note: Unlike standalone KENO calculations, each KENO data block can be entered in any order when
running KENO codes as part of CSAS sequence.

2.1.5 DESCRIPTION OF OUTPUT

This section contains a brief description and explanation of the CSAS sequence. As CSAS was designed as a
SCALE control module/sequence its own output is minimal. To avoid duplicate output edits, it suppresses
the output from KENO Data processor except a few diagnostic and warning messages while processing the
KENO data blocks. Because the KENO Data processor and KENO codes produce the same output edits for
some input data, capturing both output sections and keeping printing them may result in duplicate information
in the output sections for those input data.

CSAS always captures the XSProc and KENO outputs and prints them in the code output. Because these
output sections are described and their details are discussed in Sect. 8.1.5 and Sect. 7.1.1 and relevant XSProc
sections, they will not be described in this section.

When CSAS is run with PARM=CHECK, only outputs from KENO Data processor and XSProc input
processor are shown in the code output.

The sample output sections presented in this section were from one of the calculations performed by CSASS.
Here, only CSASS examples are given to prevent repetition because CSASG6 prints the same tables in the
same format with the same content.
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2.1.5.1 Program verification information

After the header page, program verification information is printed that lists the name of the program and the
revision number. The job name, date, and time of execution are also printed as shown in Fig. 2.1.7. This
information may be used for quality assurance purposes.

e e e e e e e o ok ok ok ek ek o e R e ek ke e R R e R e e R ek Rk ek Rk ke e Rk ek ek Rk Rk ke ko kR ko k
R T T Y
LR L e 2

d ke kK LR R ]
kK program verification information ok kKK
Kkkkk kR Rk
*okkk code system: SCALE version: 6.3.0 ok kKK
e e e e e ok e e ke

R R R R e )
R T T Y

* ok k ok ok kR
ok ok ok ok * ok kKK
LA program: csasé *kkkk
d ek ok ok kK
ok version: 6.3.0 ok kKK
* ok k ok ok kR
kK username: 5kq kA KE
* ok k ok ok kR
hA bl hostname: kbb-mac Rk kR ok
o o o ok ok ok ko ke
d ke kK LR R ]
KRR K date of execution: 2021-10-11 kR
* ok k ok ok kR
hA bl time of execution: 11:02:39 Rk kR ok
e e e e e ok e e ke

R R R R e )
R T T Y
e e e e e e e o ok ok ok ek ek o e R e ek ke e R R e R e e R ek Rk ek Rk ke e Rk ek ek Rk Rk ke ko kR ko k

Fig. 2.1.7: Sample program verification table.

2.1.5.2 Mixture table

The first table printed by CSAS codes lists the compositions read and processed from the data entered in the
composition data block. Basically, this table echos what user defined in the composition data block; data
for each mixture are printed. First the mixture number, density, and temperature are printed, followed by a
table of the nuclides which make up the mixture. This table contains the following data: mixture ID number,
nuclide ZA number, atom density and temperature. A sample mixture table is shown in Fig. 2.1.8.

Mixture table for component comps at line:5, column:l

Mixture = 1 with density(g/cc) = 18.7600 and temperature(K) = 300.00

Entry Mixture Nuclide Density (atoms/b-cm) Temperature (K)
1 1 92234 4.827163e-04 300.00
2 1 92235 4.479718e-02 300.00
3 1 92236 9.572338e-05 300.00
4 1 92238 2.657677e-03 300.00
Entry Mixture Nuclide Density (atoms/b-cm) Temperature (K)

End of mixture table for component comps at line:5, column:l1

Fig. 2.1.8: An example of a mixture table.

Note: This output table prints only all mixtures read and processed from the composition data block. Any
mixture defined with CELLMIX in celldata block is not printed here.
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Note: The mixing table printed in KENO output may not reflect the mixture properties listed in this output
table. Any mixture which is defined in composition data block but not used in KENO transport process will
not be printed in KENO mixing table data edits. KENO also prints the mixture data defined with CELLMIX or
defined in Double-het cell treatment in KENO mixing table data edits in the output. See Sect. 8.1.3.10 for
further details about the KENO mixing data.

2.1.5.3 Cross section processing summary

In multigroup mode, cross section processing calculation path with XSProc show some differences depending
on the type of the unit cells being processed and/or desired calculation methodology defined by user as
discussed in Sect. 2.1.4.1. CSAS sequences summarize which of the XSProc calculation path is used when
processing the unit cells in XSProc in the output.

A typical cross section processing summary table printed by a CSAS sequence in the code output is shown in
Fig. 2.1.9.

The first record printed in this table is the multigroup cross section library which will be used in the
calculations. This is followed by the cross section processing summary of the unit cells for this problem. This
table includes the total number of unit cells being processed, and the number of unit cells processed with
CENTRM and BONAMI calculations path. The last record printed in this table is the total elapsed time to
process the XSProc data and build all the unit cells for the subsequent XSProc calculations.

Loaded MG Library: /ornldev/code/Scale/S63/INSTALL/G_63_bl500/data/scale.rev05.xn252v7.1

Cross section processing summary of the cells:

Total 7 cells are being processed:
1 *default cells* (non-fissionable) processed with BONAMI.
6 cells specified in CELLDATA block processed with CENTRM (sequence default option).

NOTE: *default cells* are the cells not specified in CELLDATA block (They are processed as
infinite homogeneous cells).

SequenceInputBuilder prepared 7 unit cells in 0.25 seconds.

Fig. 2.1.9: Summary of cross section processing.

Caution: CSAS sequence always creates a unit cell for all the mixtures defined in the composition data
block and stores them in a cell container. Then, XSProc cross section processing is applied to all the
unit cells stored in the cell container regardless of whether they are used in KENO transport calculation.
Performing cross section processing for the unused mixtures, especially fissile mixtures, might waste the
allocated computational resources for this calculation.
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2.1.6 WARNING AND ERROR MESSAGES

CSAS sequence contains two types of warning and error messages. The first type of messages are from
XSProc and SCALE sequence implementation which are common to many of the SCALE sequences. The
second type of messages are mainly from the KENO Data processor as part of CSAS sequence implementation,
and identified by CS- followed by a number. The details of the messages from KENO Data processor can be
seen in Sect. 8.1.6.

Warning messages appear when a possible error is encountered. It is the responsibility of the user to verify
whether the data are correct when a warning message is encountered. The functional modules, XSProc and
KENO, activated by CSAS sequences will be executed if no error messages are generated and a warning
message has been generated.

When an error is recognized, an error message is written and an error flag is set so the functional modules will
not be activated. the code stops immediately if the error is too severe to allow continuation of input. However,
it will continue to read and check the data if it is able. When the data reading is completed, execution is
terminated if an error flag was set when the data were being processed. If the error flag has not been set,
execution continues. When error messages are present in the output, the user should focus on the first error
message, because subsequent messages may have been caused by the error that generated the first message.

The messages listed below complement the messages, which are from KENO Data processor, listed in KENO
manual section, Sect. 8.1.6.

CS-21 A UNIT NUMBER WAS ENTERED FOR THE CROSS-SECTION LIBRARY. (LIB=
IN PARAMETER DATA.) THE DEFAULT VALUE SHOULD BE USED IN ORDER TO UTI-
LIZE THE CROSS SECTIONS GENERATED BY CSAS. MAKE CERTAIN THE CORRECT
CROSS-SECTION LIBRARY IS BEING USED.

This message is from subroutine CPARAM. It indicates that a value has been entered for the cross-section
library in the KENO V.a parameter data. The cross-section library created by the analytical sequence should
be used. MAKE CERTAIN THAT THE CORRECT CROSS SECTIONS ARE BEING USED.

CS-55 *#** ERRORS WERE ENCOUNTERED IN PROCESSING THE KENO DATA. EXE-
CUTION IS IMPOSSIBLE. **#%*

This message from subroutine SASSY is printed if errors were found in the KENO input data for CSAS.
When the data reading and checking have been completed, the problem will terminate without executing.
Check the printout to locate the errors responsible for this message.

CS-62 *** ERROR *** MIXTURE IN THE GEOMETRY WAS NOT CREATED IN
THE STANDARD COMPOSITIONS SPECIFICATION DATA.

This message from subroutine MIXCHK indicates that a mixture specified in the KENO geometry was not
created in the standard composition data.

CS-68 *** ERROR *** AN INPUT DATA ERROR HAS BEEN ENCOUNTERED IN THE
DATA ENTERED FOR THIS PROBLEM.

This message from the main program, CSAS, is printed if the subroutine library routine LRDERR returns a
value of “TRUE,” indicating that a reading error has been encountered in the “KENO PARAMETER” data.
The appropriate data type is printed in the message. Locate the unnumbered message stating “ERROR IN
INPUT. CARD IMAGE PRINTED ON NEXT LINE”. Correct the data and resubmit the problem.

CS-69 ***ERROR*** MIXTURE IS AN INAPPROPRIATE MIXTURE NUMBER
FOR USE IN THE KENO GEOMETRY DATA BECAUSE IT IS A COMPONENT OF THE
CELL-WEIGHTED MIXTURE CREATED BY XSDRNPM.
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This message from subroutine CMXCHK indicates that a mixture that is a component of a cell-weighted
mixture has been used in the KENO geometry data.

CS-100 *** ERROR *** THIS PROBLEM WILL NOT BE RUN BECAUSE ERRORS WERE
ENCOUNTERED IN THE INPUT DATA.

This self-explanatory message indicates that an error occurred in input processing. User should examine the
printout to locate the error or errors in the input data. Correct them and resubmit the problem.

2.1.7 SAMPLE PROBLEMS

This section contains example problems to demonstrate some of capabilities available in CSAS with KENO
codes. A brief problem description and the associated input data for multigroup mode of calculation are
included for each problem. The same sample problems may be executed in the continuous energy mode
by changing the library name from v7.1-252 to ce_v7.1. The complete list of libraries distributed with
SCALE is provided in the Nuclear Data Libraries chapter.

2.1.7.1 CSASS sample problems

This section contains sample problems to demonstrate some of the options available in CSASS5. Note that
sample problem 8 does not run in continuous-energy mode because they use CELLMIX or DOUBLEHET
cell type.

CSASS5 sample problem 1: kg calculation

The purpose of this problem is to calculate the k-effective of a system. This problem is the same as the
KENO V.a sample problem 12 in Appendix B except the cross-section library and KENO V.a mixing
table are prepared by CSAS. The problem represents a critical experiment consisting of a composite array
[CSAS5Tho64, CSAS5Tho73] of four highly-enriched (93.2%) uranium metal cylinders having a density
of 18.76 g/cc and four 5.0677-L Plexiglas containers filled with uranyl nitrate solution. The uranium metal
cylinders have a radius of 5.748 cm and a height of 10.765 cm. The uranyl nitrate solution has a specific
gravity of 1.555 and contains 415 g of uranium per liter. The ID of the Plexiglas bottle is 19.05 cm and the
inside height is 17.78 cm. The Plexiglas is 0.635 cm thick. The center-to-center spacing between the metal
units is 13.18 cm in the Y direction and 13.45 cm in the Z direction. The center-to-center spacing between
the solution units is 21.75 cm in the Y direction and 20.48 cm in the Z direction. The spacing between the
Y-Z plane that passes through the centers of the metal units and the Y-Z plane that passes through the centers
of the solution units is 17.465 cm in the X direction.

The metal units in this experiment are designated in Table II of [CSAS5Tho64] as cylinder index 11 and
reflector index 1. A photograph of the experiment, Fig. 9 in [CSAS5Tho73], is given in Fig. 2.1.10.

=csas5 parm=(centrm)
sample problem set up 4aqueous 4 metal in csas5
v7.1-252
read composition
uranium 1 0.985 300. 92235 93.2 92238 5.6 92234 1.0 92236 0.2 end
solution
mix=2
rho[uo2(no3)2]= 415. 92235 92.6 92238 5.9 92234 1.0 92236 0.5
molar[hno3]=9.783-3
temperature=300
end solution
plexiglass 3 end
end composition
read param

(continues on next page)
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flx=yes fdn=yes nub=yes htm=no
end param
read geom
unit 1
com="uranyl nitrate solution in a plexiglas container'
cylinder 2 1 9.525 2p8.89
cylinder 3 1 10.16 2p9.525
cuboid O 1 4p10.875 2p10.24
unit 2
com="uranium metal cylinder'
cylinder 1 1 5.748 2p5.3825
cuboid 0 1 4p6.59 2p6.225
unit 3
com='1x2x2 array of solution units
array 1 3*0.0
unit 4
com='1x2x2 array of metal units padded to match solution array'
array 2 3%0.0
replicate 0 1 2*0.0 2%8.57 2%8.03 1
global unit 5
array 3 3%0.0
end geom
read array
ara=1 nux=1 nuy=2 nuz=2 fill f1 end fill
ara=2 nux=1 nuy=2 nuz=2 fill f2 end fill
gbl=3 ara=3 nux=2 nuy=1 nuz=1
com='composite array of solution and metal units
fill 4 3 end fill
end array
end data
end
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UNCL ASSIFIED
PHOTO 70801

Fig. 2.1.10: Critical assembly of four solution units and four metal units.

CSAS5 Sample problem 8: k., for a pebble bed fuel

This problem demonstrates setting up a fuel pebble from a pebble bed reactor, and calculating its k. The
pebble consists of a fuel grain of UO; 0.025 cm in radius, coated with 0.003 cm of pyrolytic carbon, a further
coat of 0.0035 cm thick silicon carbide, with a final coat of 0.004 cm thick pyrolytic carbon. 15000 grains are
packed with graphite into an internal fuel sphere of 2.5 cm radius clad with a 0.5 cm thick covering of carbon
and surrounded by helium. The fuel is 8.2% enriched >*U. The pebbles are stacked into an infinite square
pitched array with a pitch of 6 cm.

This problem uses DOUBLEHET cell type, which is applicable only in the multigroup mode of KENO calcula-
tions. Therefore, the continuous energy version of this problem will end with an error message.

=csas5 parm=(centrm)
infinite array of pebbles on a square pitch
v7.1-252

read composition
' fuel kernel

(continues on next page)
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u-238 1 0 2.12877e-2 293.6 end

u-235 1 0 1.92585e-3 293.6 end

o 1 0 4.64272e-2 293.6 end
' inner pyro carbon

[ 0 9.52621e-2 293.6 end

3
silicon carbide
C 4 0 4.77240e-2 293.6 end

si 4 0 4.77240e-2 293.6 end
' outer pyro carbon

c 5 0 9.52621e-2 293.6 end
' graphite matrix

[ 6 0 8.77414e-2 293.6 end
' carbon pebble outer coating

[ 7 0 8.77414e-2 293.6 end

he-3 8 0 3.71220e-11 293.6 end
he-4 8 0 2.65156e-5 293.6 end
end composition
read celldata
doublehet fuelmix=10 end
gfr=0.025 1 coatt=0.004 3 coatt=0.0035 4 coatt=0.004 5
matrix=6 numpar=15000 end grain
centrm data
ixprt=1 isn=8 nprt=2
end centrm
pebble sphsquarep right_bdy=white hpitch=3.0 8 fuelr=2.5 cladr=3.0 7 end
centrm data
ixprt=1 isn=8 nprt=2
end centrm
end celldata
read param
gen=210 npg=1000 htm=no
end param
read bounds
all=mirror
end bounds
read geom
global unit 1
sphere 10 .
sphere 7 .
cuboid 8
end geom
end data
end

12
13
16

w e w

p3.0

2.1.7.2 CSAS6 sample problems

This section contains sample problems to demonstrate some of the options available in CSAS6. A brief
problem description and the associated input data for multigroup mode of calculation are included for each
problem. The same sample problems may be executed in continuous-energy mode by changing the library
name to an continuous-energy library. See Appendix A (Sect. 2.3) for additional examples.

CSAS6 Sample problem 1: Aluminum 30 Degree Pipe Angle Intersection

The purpose of this problem is to calculate the k-effective of a system composed of intersecting aluminum
pipes, in the shape of a Y, filled with a 5% enriched UO,F; solution. The UO,F; solution at 299 K contains
907.0 gm/1 of uranium, no excess acid, and has a specific gravity of 2.0289 gm/cm?®. The assembly is
composed of a 212.1 cm long vertical pipe and a second pipe that intersects the vertical pipe 76.7 cm from
the outside bottom at an angle of 29.26 degrees with the upper vertical pipe. Both pipes have 13.95 cm inner
diameters and 14.11 cm outer diameters. The vertical pipe is open on the top and 1.3 cm thick on the bottom.
The Y-leg pipe, in the YZ-plane, is 126.04 cm in length with the sealed end 0.64 cm thick. The assembly is
filled with solution to a height 129.5 cm above the outside bottom of the vertical pipe. From the point where
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the pipes intersect, the assembly is surrounded by water 37.0 cm in the +X directions, 100 cm in the +Y
direction, -37 cm in the -Y direction, to the top of the assembly in the +Z direction, and -99.6 cm in the -Z
direction.

Fig. 2.1.11: Critical assembly of UO,F, solution in a 30°-Y aluminum pipe.
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=csasb
sample problem 1 Y-30, 5%uo2f2, 907.0g/1, 128.2, soln. ht.
v7.1-252
read comp
solution
mix=1
rho[uo2£2]=907.0 92235 5.0 92238 95.0
density=?
temperature=299.0
end solution

al 2 1.0 end
h2o 3 1.0 end
end comp

read parameters
flx=yes fdn=yes far=yes pgm=yes plt=yes
end parameters
read start
nst=6 tfx=0.0 tfy=0.0 t£fz=0.0 lnu=1000
end start
read geometry
global
unit 1
com="30 deg y'
cylinder 10 13.95 135.4 -75.4
cylinder 20 14.11 135.4 -76.7
cylinder 30 13.95 125.4 0.0 rotate a2=-29.26
cylinder 40 14.11 126.04 0.0 rotate a2=-29.26
cuboid 50 2p37.0 100. -37.0 52.8 -75.4
cuboid 60 2p37.0 100. -37.0 135.4 -99.6

media 1 1 10 50

media 2 1 20 -10 -30
media 1 1 30 50 -10
media 2 1 40 -30 -20
media O 1 10 -50

media O 1 30 -50 -10
media 3 1 60 -20 -40 -10
boundary 60

end geometry
read volume
type=random batches=1000
end volume
read plot
scr=yes 1pi=10
ttl='y-z slice at x=0.0 through centerline of both pipes
xul=0.0 yul=-39.0 zul=137.0
x1r=0.0 ylr=105.0 zlr=-105.0
vax=1 wdn=-1
nax=400 end plt®
ttl="x-y slice at z=26.0 slightly above point of separation’
xul=-40.0 yul=105.0 zul=26.0
x1r=+40.0 ylr=-40.0 zlr=26.0
uax=1 vdn=-1
nax=400 end pltl
ttl="x-y slice at z=75.0 well above point of separation’
xul=-40.0 yul=105.0 zul=75.0
x1r=+40.0 ylr=-40.0 zlr=75.0

uax=1 vdn=-1
nax=400 end plt2
end plot
end data
end
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CSAS6 Sample problem 2: Plexiglas Cross

The purpose of this problem is to calculate the k-effective of a system composed of intersecting Plexiglas
pipes, in the shape of a cross, filled with a 5% enriched UO,F, solution. The room temperature UO,F,
solution contains 896.1 gm/I of uranium, no excess acid, and has a specific gravity of 2.015 gm/cm?>. The
pipes have a 13.335 cm inner diameter and 16.19 cm outer diameter. The vertical pipe is open on the top and
3.17 cm thick on the bottom. The horizontal pipe ends are 3.17 thick. The vertical pipe is 210.19 cm in length
and filled with solution to a height of 117.2 cm. The two horizontal legs, positioned in the XZ-plane, intersect
the vertical pipe 91.44 cm from the outside bottom at an 89 degree angle with the upper section of the pipe.
Each horizontal is 91.44 cm in length and filled with the above specified UO;,F; solution. A water reflector
surrounding the solution filled pipes extends out from the point where the pipes intersect 111.76 cm in the +X
directions, 20.64 cm in the +Y directions, 29.03 cm in the +Z direction, and -118.428 cm in the -Z direction.

Fig. 2.1.12: Critical assembly of UO,F, solution in a Plexiglas cross.

=csas6
sample problem 2 89-cross, 5% uo2f2 soln, plexiglass pipes, h2o refl.
v7.1-252
read comp
solution

(continues on next page)
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mix=1
rho[uo2£2]=896.1 92235 5.0 92238 95.0
density=?
temperature=298.0
end solution
plexiglass 3 1.0 end
h2o 2 1.0 end
end comp
read param
plt=yes
end param
read geom
global unit 1
cylinder 10 13.335 28.93 -88.27
cylinder 20 13.335 121.92 -88.27
cylinder 30 16.19 121.92 -91.44
cylinder 40 13.335 88.27 0.0 rotate al=90. a2=89.
cylinder 50 16.19 91.44 0.0 rotate al=90. a2=89.
cylinder 60 13.335 88.27 0.0 rotate al=-90. a2=89.
cylinder 70 16.19 91.44 0.0 rotate al=-90. a2=89.
cuboid 80 2pl111.74 2p20.64 29.03 -118.428
cuboid 90 2pl111.74 2p40.64 121.92 -118.428

media 1 1 10
media ® 1 20 -10
media 3 1 30 -10 -20 -50 -70
media 1 1 40 -10 -20
media 3 1 50 -40 -10 -20
media 1 1 60 -10 -20
media 3 1 70 -60 -10 -20 -50
media 2 1 80 -10 -20 -30 -40 -50 -60 -70
media ® 1 90 -20 -30 -80
boundary 90
end geom
read volume
type=trace
end volume
read start
nst=6 tfx=0. tfy=0. tfz=0. lnu=1000
end start
read plot

scr=yes 1pi=10
ttl=' x-z slice at y=0.0
xul=-113. yul=0. zul= 48.
x1lr= 113. ylr=0. zlr=-120.
uax=1.0 wdn=-1.0
nax=400 end plt®
ttl=' y-z slce at x=0.0
xul=0. yul=-42. zul= 122.
x1r=0. ylr= 42. zlr=-120.
vax=1.0 wdn=-1.0
nax=400 end pltl
ttl=' x-y slice at z=0.0
xul=-113.0 yul= 42. zul=0.
xlr= 113.0 ylr=-42. zlr=0.
uax=1.0 vdn=-1.0
nax=400 end plt2

end plot

end data

end

'
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CSAS6 Sample problem 3: Sphere

This problem models an assembly consisting of a 93.2% enriched bare uranium sphere, 8.741 cm in radius,
having a density of 18.76 gm/cm>. Problem 3 models the assembly as a single bare sphere. The second
problem models the assembly as a hemisphere with mirror reflection on the flat surface. The next three
problems model the sphere using chords. This set of four problems is designed to illustrate the use of multiple
chords in a problem.

=csasb6
sample problem 3 bare 93.2% enriched uranium sphere
v7.1-252
read comp
uranium 1 den=18.76 1 293 92235 93.2 92238 5.6 92234 1.0 92236 0.2 end
end comp

read geometry
global unit 1
sphere 10 8.741
cuboid 20 6p8.741

media 1 1 10 vol=2797.5121
media O 1 20 -10 vol=2545.3424
boundary 20

end geometry

end data

end

CSAS6 Sample problem 4: Sphere Models Using Chords and Mirror Albedos

This problem models an assembly consisting of a 93.2% enriched bare uranium sphere, 8.741 cm in radius,
having a density of 18.76 gm/cm?>. The problem models the assembly as a hemisphere with mirror reflection
on the flat surface.

=csasb
sample problem 4 bare 93.2% U sphere, hemisphere w/ mirror albedo
v7.1-252
read comp
uranium 1 den=18.76 1 293 92235 93.2 92238 5.6 92234 1.0 92236 0.2 end
end comp
read geometry
global unit 1
sphere 10 8.741 chord +x=0.0
cuboid 20 8.741 0.0 8.741 -8.741 8.741 -8.741

media 1 1 10 vol=2797.5121
media O 1 20 -10 vol=2545.3424
boundary 20

end geometry

read bounds
-xb=mirror

end bounds

end data

end

CSAS6 Sample problem 5: Sphere Models Using Chords and Mirror Albedos

This problem models an assembly consisting of a 93.2% enriched bare uranium sphere, 8.741 cm in radius,
having a density of 18.76 gm/cm>®. The problem models the assembly as a quarter sphere with mirror
reflection on the two flat surfaces.

=csasb
sample problem 5 bare 93.2% U sphere, quarter sphere w/ mirror albedo
v7.1-252

(continues on next page)
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read comp
uranium 1 den=18.76 1 293 92235 93.2 92238 5.6 92234 1.0 92236 0.2 end
end comp
read geometry
global unit 1
sphere 10 8.741 chord +x=0.0 chord +y=0.0
cuboid 20 8.741 0.0 8.741 0.0 8.741 -8.741

media 1 1 10 v0l=2797.5121
media 0 1 20 -10 vol=2545.3424
boundary 20

end geometry

read bounds
-Xy=mirror

end bounds

end data

end

CSAS6 Sample problem 6: Sphere Models Using Chords and Mirror Albedos (Eighth Sphere)

This problem models an assembly consisting of a 93.2% enriched bare uranium sphere, 8.741 cm in radius,
having a density of 18.76 gm/cm>. The problem models the assembly as an eighth sphere with mirror
reflection on the three flat surfaces.

=csasb
sample problem 6 bare 93.2% U sphere, eighth sphere w/ mirror albedo
v7.1-252
read comp
uranium 1 den=18.76 1 293 92235 93.2 92238 5.6 92234 1.0 92236 0.2 end
end comp
read geometry
global unit 1
sphere 10 8.741 chord +x=0.0 chord +y=0.0 chord +z=0.0
cuboid 20 8.741 0.0 8.741 0.0 8.741 0.0

media 1 1 10 vol=2797.5121
media 0O 1 20 -10 vo0l=2545.3424
boundary 20

end geometry

read bounds
-fc=mirror

end bounds

end data

end

CSAS6 Sample problem 7: Grotesque without the Diaphragm

The purpose of this problem is to calculate the kg of a system composed of eight enriched uranium units
placed on a diaphragm, with an irregularly shaped centerpiece positioned in the center hole of the diaphragm
[CSAS5Mih99]. The assembly and centerpiece are shown in Fig. 2.1.13, which is Fig. 4 from [CSAS5Mih99].
The eight units consist of an approximate parallelepiped with an irregular top, a parallelepiped, and six
cylinders of various sizes. The centerpiece, which penetrates the hole in the diaphragm, consists of a cylinder
topped by a parallelepiped topped by a hemisphere. The diaphragm is not modeled in this example.
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Fig. 2.1.13: Grotesque experimental setup.

=csas6

sample problem 7 keno-vi

v7.1-252
read comp
uranium
uranium
uranium
uranium
uranium
uranium
uranium
uranium
uranium
uranium
uranium
uranium
uranium
uranium
end comp
read param

O NO UV A WNR

el el
B WNR O

pgm=yes plt=

end param
read geom
global unit

den=18.
den=18.
den=18.
den=18.
den=18.
den=18.
den=18.
den=18.
den=18.
den=18.
den=18.
den=18.
den=18.
den=18.

yes

1

76
76
76
76
76
76
76
76
76
76
76
76
76
76

R R RRRRRRRRRRLRER

grotesque

293
293
293
293
293
293
293
293
293
293
293
293
293
293

92235
92235
92235
92235
92235
92235
92235
92235
92235
92235
92235
92235
92235
92235

w/o diaphragm,

93.
93.

93

93.
93.
93.
93.
93.
93.

93

93.
93.
93.
93.

NNDNNNNNNMNNDNDNDNDNDDN

92238
92238
92238
92238
92238
92238
92238
92238
92238
92238
92238
92238
92238
92238

LS BV, B, T, RV, R, B, B C, RV, R B, RV, BV, BN, ]

DO OO0 OO OO

ornl/csd/tm-220

92234
92234
92234
92234
92234
92234
92234
92234
92234
92234
92234
92234
92234
92234

RR R R RRRRRBRERRERR

[— I — I — I — I — R — R I — I — I I — I — ]

92236
92236
92236
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92236
92236
92236
92236
92236
92236

(I — I — I — I — I — I — I — I — I — I — I — I — ]
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end
end
end
end
end
end
end
end
end
end
end
end
end
end

'**% one through three is item 1 in drawing 84-10649 ornl/csd/tm-220 ***

'

one top piece of item 1
cuboid 10 2p6.3515 1.2685 -3.8115 13.377 13.058 origin y=-17.464 z=0.15 rotate a2=-1.35

'two middle piece of item 1

cuboid 20 2p6.3515 6.3515 -3.8115 13.058 11.155 origin y=-17.464 z=0.15 rotate a2=-1.35
bottom piece of item 1

cuboid 30 4p6.3515 11.155 ®. origin y=-17.464 z=0.15 rotate a2=-1.35
%% four is item 2 in drawing 84-10649 ornl/csd/tm-220 ***

'three

cylinder 40 4.555 12.918 0.

%% five is item 3 in drawing 84-10649 ornl/csd/tm-220 ***

cylinder 50 5.761 13.475 0.
%% gix is item 4 in drawing 84-10649 ornl/csd/tm-220 ***
origin x=-9.539 y=11.168 z=0.156 rotate al=40.5 a2=+1.970

cylinder 60 4.5525 12.969 0.

origin x=-12.176 y=-9.343 z=0.111 rotate al=-52.5 a2=-1.400

origin x=-16.333 y=1.681 z=0.174 rotate al=83.5 a2=+1.173
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'"*** seven and eight are item 5 in drawing 84-10649 ornl/csd/tm-220 ***
'seven
cuboid 70 2p3.81 8.13 -4.573 8.91 0. origin y=15.698 z=0.290 rotate a2=+2.58
'eight
cylinder 80 4.573 13.229 8.91 origin y=15.698 z=0.290 rotate a2=+2.58
'"*** nine is item 6 in drawing 84-10649 ornl/csd/tm-220 ***

cylinder 90 4.5545 12.974 0. origin x=9.854 y=10.964 z=0.134 rotate al=-42.0 a2=+1.680
'"**% ten is item 7 in drawing 84-10649 ornl/csd/tm-220 ***
cylinder 100 5.7495 13.475 0. origin x=16.388 y=1.434 z=0.140 rotate al=-86.0 a2=+1.400

'##%% e@leven is item 8 in drawing 84-10649 ornl/csd/tm-220 ***
cylinder 110 4.5565 12.954 0. origin x=12.029 y=-9.398 z=0.087 rotate al=38.0 a2=-1.100
'*12 through 14 is the centerpiece in drawing 84-10649 ornl/csd/tm-220

'twelve

cylinder 120 5.757 2.690 0. origin x=-0.593 y=-0.593 z=-1.753
'thirteen

cuboid 130 4p6.35 5.718 0. origin z=0.937
'fourteen

sphere 140 6.082 chord +z=0. origin x=-0.268 y=0.268 z=6.655
'#%% fifteen is the system boundary ***

'fifteen
cuboid 150 4p25.0 15.0 -2.0
media 1 1 +10 v0l1=20.58546556
media 2 1 +20 -10 vo0l=245.678420867
media 3 1 +30 -20 vo0l=1800.040061395
media 4 1 +40 vol=842.019046637
media 5 1 450 v01=1404.99376489
media 6 1 +60 v01=844.415646269
media 7 1 +70 v01=862.4600226
media 8 1 +80 -70 vo0l=283.749744681
media 9 1 +90 v01=845.483582679
media 10 1 +100 v01=1399.390119093
media 11 1 +110 vol=844.921798001
media 12 1 +120 -130 vol=280.088070346
media 13 1 +130 v01=922.25622
media 14 1 +140 -130 vol=471.191948666

media ® 1 150 -10 -20 -30 -40 -50 -60 -70 -80 -90 -100
-110 -120 -130 -140 vo0l=31432.726088316
boundary 150
end geom
read plot
scr=yes 1pi=10
clr=1255 0 ©®
2 0 0 205
0 229 238
0 238 O
205 205 O
255 121 121
145 44 238
150 150 150
9 240 200 220
10 0 191 255
11 224 255 255
12 0 128 64
13 255 202 149
14 255 0 128
end color
ttl='grotesque x-y slice at z=0.5
xul=-25.5 yul= 25.5 zul=0.5
x1lr= 25.5 ylr=-25.5 zlr=.5
uax=1 vdn=-1 nax=800 end
ttl='grotesque x-y slice at z=2.0
xul=-25.5 yul= 25.5 zul=2
x1lr= 25.5 ylr=-25.5 zlr=2 end
ttl='grotesque x-y slice at z=9.5
xul=-25.5 yul= 25.5 zul=9.5
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(continues on next page)

47




(continued from previous page)

x1lr= 25.5 ylr=-25.5 z1r=9.5 end
ttl='grotesque y-z slice at x=-0.593
xul=-.593 yul=-25.5 zul=15.5

x1lr=-.593 ylr= 25.5 zlr=-3.5

uax=0 vax=1

vdn=0 wdn=-1 nax=800 end
ttl='grotesque x-z slice at y=0.0
xul=-25.5 yul=0.0 zul=15.5

xlr= 25.5 ylr=0.0 zlr=-3.5

uax=1 vax=0 wax=0

udn=0 vdn=0 wdn=-1 nax=800 end
ttl='grotesque x-z slice at y=12.125
xul=-25.5 yul=12.125 zul=15.5

x1r= 25.5 ylr=12.125 zlr=-3.5

uax=1 vax=0 wax=0

udn=0 vdn=0 wdn=-1 nax=800 end
ttl='grotesque x-z slice at y=-12.000
xul=-25.5 yul=-12.000 zul=15.5

x1r= 25.5 ylr=-12.000 zlr=-3.5

uax=1 vax=0 wax=0

udn=0 vdn=0 wdn=-1 nax=800 end
end plot
end data
end

CSAS6 Sample problem 8 Infinite Array of MOX and UO2 Assemblies

The purpose of this problem is to calculate the k.g of a system composed of an infinite array of MOX
assemblies interspersed between UO, assemblies. Both assembly types contain 331 pins in a hexagonal
lattice with a pin pitch of 1.275 cm and an assembly pitch of 23.60 cm as shown in Fig. 2.1.14. The moderator
is borated water at 306°C having a density of 0.71533 gm/cc and composed of 99.94 wt % H,O and 0.06 wt
% natural boron. Each fuel rod is 355 cm in length, has a radius of 0.3860 cm, 0.722-cm-thick Zr cladding
with no gap, and is at a temperature of 754°C.

The UO, fuel consists of 4.4 wt % 23U and 95.6 wt % 238U at a density of 8.7922 gm/cc. The UO, fuel also
contains 9.4581E-9 atoms/b-cm of '3>Xe and 7.3667E-8 atoms/b-cm of '“°Sm.

The MOX fuel consists of 96.38 wt % UO, and 3.62 wt % PuO, at a density of 8.8182 gm/cc. The UO, fuel
is composed of 2.0 wt % 2*>U and 98.0 wt % 23U. The PuO, fuel is composed of 93.0 wt % 2*°Pu, 6.0 wt
% 2*OPu- and 1.0 wt % 2*'Pu. The MOX fuel also contains 9.4581E-9 atoms/b-cm of 13>Xe and 7.3667E-8
atoms/b-cm of *?Sm.

These two assemblies are placed so they represent an infinite array in the X and Y dimensions as shown in
Fig. 2.1.15. There is 20 cm of water above and below fuel assemblies. This problem uses CENTRM/PMC as
the resolved resonance processor cross section. Since an infinite array cannot be explicitly modeled, a section
of the array is modeled and the X and Y sides have mirror reflection.

=csasb parm=(centrm)
sample problem 8 - VVER inf. array - MOX & UO2 Assemblies
v7.1-252
read comp
' UO2 Fuel
uo2 1 den=8.7922 1.0 1027 92235 4.4 92238 95.6 end

xe-135 1 0 9.4581E-09 1027 end
sm-149 1 0 7.3667E-08 1027 end
' MOX Fuel
uo2 2 den=8.8182 0.9638 1027 92235 2.0 92238 98.0 end
puo2 2 den=8.8182 0.0362 1027 94239 93.0 94240 6.0 94241 1.0 end
xe-135 2 0 9.4581E-09 1027 end

(continues on next page)
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sm-149 2 0 7.3667E-08 1027 end
Cladding for UO02 fuel

zr 3 den=6.4073 1.0 579 end
Moderator for UO2 fuel

h2o 4 den=0.71533 0.9994 579 end

boron 4 den=0.71533 0.0006 579 end
Cladding for MOX fuel

zZr 5 den=6.4073 1.0 579 end
Moderator for MOX fuel

h2o 6 den=0.71533 0.9994 579 end

boron 6 den=0.71533 0.0006 579 end
Moderator for vacant units

h2o 7 den=0.71533 0.9994 579 end

boron 7 den=0.71533 0.0006 579 end

end comp

read celldata
latticecell triangpitch pitch=1.2750 4 fueld=0.7720 1 cladd=0.9164 3 end
latticecell triangpitch pitch=1.2750 6 fueld=0.7720 2 cladd=0.9164 5 end

'

more data dab=500 end more

end celldata
read param

gen=203 npg=1000

end param
read bounds

all=mirror zfc=void

end bounds
read geom

unit 1
com="U02 Fuel Rod
cylinder 10 0.3860 355.0 0.0
cylinder 20 0.4582 355.0 0.0
hexprism 30 0.6375 355.0 0.0
media 1 1 10
media 3 1 20 -10
media 4 1 30 -20
boundary 30
unit 2
com='Vacant (water filled) hex
hexprism 10 0.6375 355.0 0.0
media 7 1 10
boundary 10
unit 3
com='Vacant (water filled) hex
hexprism 10 0.6375 355.0 0.0
media 7 1 10
boundary 10
unit 4
com="M0X Fuel Rod
cylinder 10 0.3860 355.0 0.0
cylinder 20 0.4582 355.0 0.0
hexprism 30 0.6375 355.0 0.0
media 2 1 10
media 5 1 20 -10
media 6 1 30 -20
boundary 30
global unit 5
rhexprism 10 11.800 355.
rhexprism 20 11.800 355.
rhexprism 30 11.800 355.
rhexprism 40 11.800 355.

'

0 0.0
0 0.0
0 0.0
0 0.0

origin y=23.6
origin x=20.4382 vy
origin x=20.4382 y

cuboid 50 20.4382 0.0 35.4 0.0 375.0 -20.0

array 1 10 -20 -30 -40 place 12 12 1
array 2 20 -10 -30 -40 place 12 12 1
array 2 30 -10 -20 -40 place 12 12 1
array 1 40 -10 -20 -30 place 12 12 1

0.0
0.0
20.4382
20.4382

2
1
3

11.8
35.4
0.0 0.0
3.6 0.0
1.8 0.0
5.4 0.0
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media 4 1 50 -10 -20 -30 -40
boundary 50
end geom
read array
ara=1 typ=shexagonal nux=23 nuy=23 nuz=1
fill
33333333333333333333333
33333344444444444333333
33333344444444444433333
33333444444444444433333
33333444444444444443333
33334444444444444443333
33334444444444444444333
33344444444444444444333
33344444444444444444433
33444444444444444444433
33444444444444444444443
34444444444444444444443
33444444444444444444443
33444444444444444444433
33344444444444444444433
33344444444444444444333
33334444444444444444333
33334444444444444443333
33333444444444444443333
33333444444444444433333
33333344444444444433333
33333344444444444333333
33333333333333333333333
end fill
ara=2 typ=shexagonal nux=23 nuy=23 nuz=1
£ill
22222222222222222222222
22222211111111111222222
22222211111111111122222
22222111111111111122222
22222111111111111112222
22221111111111111112222
22221111111111111111222
22211111111111111111222
22211111111111111111122
22111111111111111111122
22111111111111111111112
21111111111111111111112
22111111111111111111112
22111111111111111111122
22211111111111111111122
22211111111111111111222
22221111111111111111222
22221111111111111112222
22222111111111111112222
22222111111111111122222
22222211111111111122222
22222211111111111222222
22222222222222222222222
end fill
end array
read plot
1pi=10 scr=yes
ttl='VVER assembly x-y x-section'
xul=-0.1 yul=35.5 zul=10
x1r=20.6 ylr=-0.1 zlr=10
uax=1 vdn=-1.0
nax=640 pic=mat end pltl
end plot

(continues on next page)
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read volume
type=random batches=1000
end volume
end data
end

Fig. 2.1.14: MOX or UO; hexagonal assembly.
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Fig. 2.1.15: Infinite array of MOX assemblies interspersed between UO, assemblies.

2.2 CSAS-SHIFT: CRITICALITY SAFETY ANALYSIS SEQUENCE WITH SHIFT
K. B. Bekar, G. Davidson, B. Langley, B.J. Marshall

The CSAS-Shift sequence integrates the Shift advanced Monte Carlo solver into the CSAS framework as
an alternative to the KENO transport solvers to perform reliable and efficient eigenvalue calculations for
criticality safety and reactor physics analysis. It supports both KENO V.a and KENO-VI geometries and
provides most widely used KENO capabilities available in the CSAS5 and CSAS6 sequences for both
multigroup and continuous-energy transport modes. The highly scalable Shift Monte Carlo solver enables
faster solutions when running on multiple cores, and it shows better performance to achieve the same level of
accuracy compared to the CSAS sequences with the KENO codes.

2.2.1 INTRODUCTION

The CSAS-Shift sequence was designed to provide the modeling and simulation capabilities required for
criticality safety and reactor physics analysis through the Shift Monte Carlo solver.

Shift is a massively parallel Monte Carlo radiation transport package in the Exnihilo radiation transport code
suite [CSAS-ShiftPJE+16], [CSAS-ShiftESSC10]. Shift was developed including features such as support
for both fixed-source and eigenvalue Monte Carlo transport capabilities with multiple geometry and physics
engines, hybrid capabilities for variance reduction methods, and advanced parallel decompositions to scale

52



well from laptops to small computing clusters to advanced supercomputers. Shift supports different geometry
engines, including the Oak Ridge Adaptable Nested Geometry Engine (ORANGE) designed to provide
particle transport capabilities on both KENO V.a and KENO-VI geometries as well as geometry visualization
capabilities in the Fulcrum user interface. Shift with both versions of KENO geometries performs eigenvalue
calculations in both continuous-energy and multigroup modes. Shift supports most widely used primary
capabilities available with the KENO codes and provides some unique capabilities with ORANGE such as
modeling randomly packed media and efficient parallel calculations for volume estimates.

CSAS-Shift provides all capabilities for both multigroup and continuous-energy transport modes. Like the
CSASS and CSAS6 implementation, in the multigroup calculation mode, CSAS-Shift sequences automate the
processing of the cross sections for temperature corrections and problem-dependent resonance self-shielding
for utilization in multigroup neutron transport calculations using SCALE’s cross section processing module,
XSProc. If continuous-energy calculation mode is selected, no resonance processing is needed, and the
continuous-energy cross sections are used directly in the Shift code, with temperature corrections provided as
the cross sections are loaded.

CSAS-Shift with the highly scalable Shift solver enables some unique capabilities and faster solutions when
running on multiple cores, and it shows better performance to achieve the same level of accuracy compared
to the CSAS sequences with the KENO codes. CSAS-Shift input requirements, supported and unsupported
capabilities, and input and output details are described in the following sections.

2.2.2 CSAS-SHIFT INPUT REQUIREMENTS

CSAS-Shift’s design is aimed to make a smooth transition between KENO codes to the Shift transport code.
Therefore, the original input data layout available in CSAS sequence with the KENO transport codes was
kept the same for the CSAS sequence with Shift transport. CSAS-Shift uses the same CSAS5 and CSAS6
inputs, the only input modification that should be required is changing the sequence name by appending
-shift to the sequence name, as shown in Example 2.2.1.

Like CSAS sequences with KENO codes, CSAS-Shift sequences are named with the KENO geometry that
they support: CSAS5-Shift for the models with KENO V.a geometry, and CSAS6-Shift for the models with
KENO-VI geometry.

Example 2.2.1: CSAS sequence inputs with KENO and Shift transport

=csas5
Godiva sphere
ce_v7.1

read composition
u-234 10 0.000491995 300 end
1 0 0.0449996 300 end
100.

002498 300 end

u-235
u-238
end composition

read parameter
html=no
end parameter

read geometry
sphere 1 1 8.741
end geometry

end data
end

(continues on next page)
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=csas5-shift
Godiva sphere

ce_v7.1

read composition
u-234 10 0.000491995 300 end
u-235 1 0 0.0449996 300 end
u-238 10 0.002498 300 end

end composition

read parameter
html=no
end parameter

read geometry
sphere 1 1 8.741
end geometry

end data
end

Warning: CSAS-Shift sequence implementation may ask the user for some minor input updates for a
successful calculation.

2.2.3 SEQUENCE CAPABILITIES

In the CSAS-Shift sequence framework, SCALE data handling is automated as much as possible. Similar to
many other SCALE sequences, CSAS-Shift also applies a standardized procedure to provide appropriate
number densities and cross sections for the calculation. XSProc is responsible for reading the standard
composition data and other engineering-type specifications—including volume fraction or percent theoretical
density, temperature, and isotopic distribution, as well as the unit cell data. XSProc then generates number
densities and related information, prepares geometry data for resonance self-shielding and flux-weighting
cell calculations, and (if needed) provides problem-dependent multigroup cross section processing.

Sequences that execute Shift transport include a data processor named ExnihiloInputBuilder to read and
check the KENO data. This data processor processes the KENO data and creates a ParameterList input
used by Shift to construct the problem and perform transport calculations. When the data checking has
been completed, the CSAS-Shift sequence executes XSProc to prepare a resonance-corrected macroscopic
cross section library in the AMPX working library format for the subsequent Shift transport calculation if a
multigroup library has been selected.

Similar to CSAS sequences with KENO transport, the CSAS-Shift sequence supports both CELLMIX and
Double-het capabilities. For each unit cell specified as being cell-weighted, XSProc performs the necessary
calculations and produces a cell-weighted macroscopic cross-section library. Shift may be executed to
calculate the k.g or neutron multiplication factor using the cross section library that was prepared by the
control sequence.

Computational capabilities available in CSAS sequences with KENO codes—including the determination
of k-effective, flux densities, fission densities, mesh tallies, Shannon entropy tally, problem-dependent
continuous-energy temperature treatments, parallel calculations, and many more—are also provided by the
CSAS-Shift sequence.

CSAS-Shift also supports two new CSAS sequence data blocks, definitions and tallies data, to allow flexible
definition and output control of mesh tallies. The mesh responses neutron flux, fission rate, and fission

54




source can now be requested multiple times on different spatial and energy grids in the same calculation.
This capability helps users efficiently manage computational resources when collecting detailed information,
depending on their requirements.

Criticality safety tools in SCALE attain some unique capabilities provided by Shift with the new geometry
engine ORANGE, such as parallel volume estimates for KENO-VI geometric regions and modeling randomly
packed media, which is enabled by implementing a random-packing algorithm to place spherical particles
within simple bounding geometries. This capability allows constructing tristructural isotropic (TRISO)
particle models for advanced reactor modeling and simulation activities. See Sect. 2.2.4.1.3 for further details.

Details for some of these capabilities, their input methods, and output edits are provided in the following
sections.

2.2.3.1 Multigroup limitations

Some of the limitations of the CSAS-Shift multigroup sequences are a result of using preprocessed multigroup
cross sections. Inherent limitations in multigroup CSAS-Shift calculations are as follows:

1. Spatial effects such as fuel rods in assemblies where some positions are filled with control rod guide
tubes, burnable poison rods, and/or fuel rods of different enrichments. The cross sections are processed
as if the rods are in an infinite lattice of identical rods. If the user inputs a Dancoff factor for the cell
(such as one computed by MCDancoft), XSProc can produce an infinite lattice cell which reproduces
that Dancoff. This can mitigate some spatial lattice effects.

2.2.3.2 Continuous-energy limitations

The continuous-energy cross sections are directly used in Shift. An existing multigroup input file can easily
be converted to a continuous-energy input file by simply specifying the continuous-energy library. In this
case, all cell data is ignored. However, the following limitations exist:

1. If CELLMIX is defined in the cell data, the problem will not run in continuous-energy mode. CELLMIX
implies new mixture cross sections are generated using XSDRNPM-calculated cell fluxes; therefore it
is not applicable in continuous-energy mode.

2. Problems with DOUBLEHET cell data are not allowed, as they inherently utilize the CELLMIX
feature.
2.2.3.3 Unsupported Capabilities

Although Shift Monte Carlo code was designed with several advanced capabilities, it does not currently
support some of the unique features available in KENO codes. Therefore, CSAS-Shift does not provide some
of the capabilities available in CSASS and CSAS6 sequences.

The missing capabilities are mostly considered as the outdated features or those seldomly used by CSAS
users in their analysis. The equivalent capabilities will be activated in the Shift transport code in the next
SCALE release, depending on the need basis.

Table 2.2.1 summarizes the capabilities currently supported by CSAS with KENO codes but not supported by
CSAS-Shift sequences.
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Table 2.2.1: Unsupported CSAS capabilities

Capability Input method(s) to activate the | Comments
capability
Adjoint transport parameter data ADJ Adjoint transport capability is

not available in Shift

Prompt-only nu

parameter PNU

Shift does not support using
prompt neutron spectrum only in
continuous-energy mode

Use unionized mixture cross sec-
tion

parameter UUM

Shift does not support KENO-
like mechanism to store cross sec-
tions on a material-based union-
ized energy grid for a faster cross
section lookup in continuous-
energy mode

Although this method benefits for
faster runtimes for some KENO
models, storing all data may re-
quire prohibitively large amount
of memory for problem with a
large number of materials. Differ-
ent approaches are being devel-
oped in Shift transport, and some
experimental implementation is
available in CSAS-Shift. See Ta-
ble 2.2.4 for more details.

Matrix ke

parameters MKP, CKP, FMP MKU,
CKU, FMU MKH, CKH, FMH MKA,
CKA, FMA HAL, HHL, FMA

An alternative k-eff calculation
method available in KENO codes
are not supported by Shift.

Start data types 2, 3,4, 5 and 9

start data block NST=2, 3, 4,
5,and 9

Start data types 2 - 5 have
not been implemented because
GLOBAL ARRAY of KENO V.a
geometry is not supported by OR-
ANGE geometry engine used by
Shift transport.

Start type 9 designed to read
starting distribution from a mesh
source file is not currently sup-
ported by CSAS-Shift.

Biasing or weighting data

bias data block

KENO-like biasing capability is
not currently supported by Shift
transport.

Periodic and White Albedo
boundary conditions

bounds data block

Shift transport does not currently
support PERIODIC and WHITE
boundary conditions for both
KENO V.a and KENO-VI ge-
ometries.
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Table 2.2.1 — continued from previous page

Capability Input method(s) to activate the | Comments
capability
Differential Albedos bounds data block, PAX in | Material specific albedos avail-

parameter data block

able with KENO multigroup
transport is not supported by
Shift multigroup transport

GLOBAL ARRAY instead of
GLOBAL UNIT in KENO V.a
geometry

geometry data block

Shift with ORANGE geometry
engine does not currently support
GLOBAL ARRAYSs instead of
the GLOBAL UNIT in KENO
V.a geometry.

LOOP construct in array data

array data block

LOOP construct in array data in-
put block is not supported by OR-
ANGE geometry engine as part
of Shift code.

Volume calculation (random sam-
pling)

type=RANDOM in volume data
block

Random volume estimates for
KENO-VI geometry is not avail-
able in ORANGE geometry en-
gine used by Shift transport

Accumulate mesh fluxes

parameter MFX

Shift does not support to tally
mesh fluxes which are averaged
over the region volumes in each
mesh voxel.

Compute and print mean free
paths

parameter MFP

This capability is not currently
implemented in Shift.

Region-dependent fissions and
absorptions

parameters FAR and GAS

Although these tallies are avail-
able in Shift transport they are
not currently implemented in
CSAS-Shift.

Mixture-dependent reaction tal-
lies

reaction data block

Although these tallies are avail-
able in Shift transport they are
not currently implemented in
CSAS-Shift.

Time controlled termination

parameter TME

Shift does not have job termina-
tion capability controlled by the
user-defined time limit.

Terminate execution on user sig-
nal

a file named
in the working

by creating
stop_keno
directory

CSAS-Shift does not support this
capability

Restart capability

parameters RES, BEG, APP, RST,
WRS

Restart capability is not available
in Shift

57

continues on next page




Table 2.2.1 — continued from previous page

Capability Input method(s) to activate the | Comments
capability
Print particle tracks parameter TRK Although Shift has its own mech-

anisms to print information about
each particle history, this capa-
bility is not fully integrated in
CSAS-Shift sequence. It will be
available in next releases.

Problem Characterization Output | always ON This capability is not currently
Edit implemented in CSAS-Shift.
Frequency Distributions always ON This capability is not currently
implemented in CSAS-Shift
Plots of avg. k-eff and Shannon | always ON CSAS-Shift does not plot the av-

entropy

erage k-eff by generations run,
the k-eff by generations skipped,
and Shannon entropy per genera-
tion.

Instead of the char-plots, CSAS-
Shift creates Ptolemy plots and
stores them in a dedicated plot
directory. Fulcrum may be used
to visualize these plots. See Sect.
2.2.6.1.12

Summary of Source Conver-
gence Diagnostics

parameter SCD

CSAS-Shift does not perform the
posterior entropy tests available
in KENO. Instead, result of a sin-
gle test performed by Shift is cap-
tured and printed in the relevant
output section.

Print capabilities for mixed cross
section

parameters AMX, XS1, XS2, PKI
P1D, XAP, XSL

Currently, no capability is avail-
able to print the cross sections
used by Shift transport.

Flux moments and angular flux
calc.

parameters TFM, PMF, PMM

CSAS-Shift does not support any
of these capabilities.

Print starting points

PSP parameter in start data

This capability is not currently
implemented in CSAS-Shift

Plot capability parameter PLT plot datablock | Old-style plotting capabilities
available in KENO codes are not
supported. Fulcrum can be used
for geometry visualization.

HTML output parameter HTM Old-style HTML-based output

method is not supported.
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2.2.4 INPUT DATA GUIDE

This section describes the input data required for the CSAS-Shift sequence. A typical CSAS6-Shift input,
shown in Example 2.2.2, starts with the sequence identifier always preceded by the = sign, and it is followed
by the problem title. Then, a cross section library name is specified, and all these entries are followed by
several data blocks each starting with READ data_block and ending with END data_block.

Example 2.2.2: A typical CSAS-Shift sequence input

=CSAS6-Shift parm=(parm_options)
problem title

BT XSProc data
' cross section library name (REQUIRED)

ce_v7.1

' List of material specifications in standard SCALE format (REQUIRED)
read composition

end composition

' Specify data for resonance processing (OPTIONAL)
read celldata

end celldata

v

---- New CSAS sequence data blocks

Used to define energy bounds and grid geometries for
the tallies defined in tallies data block

(REQUIRED if tallies data block exists)

read definitions

end definitions

' Used to define tallies in a more robust way (OPTIONAL)
read tallies

end tallies

' ---- KENO transport data

' Specify the problem geometry (REQUIRED)
read geometry

end geometry

' Other input data blocks (OPTIONAL)

Because CSAS-Shift uses the same input data used by CSAS5 and CSAS6, details of the input data blocks,
compositions, celldata, definitions, and tallies will not be repeated here, and they can be seen in Sect. 2.1.4.
Data blocks in the KENO transport data category will be discussed in the following section.
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2.2.4.1 KENO input data in CSAS-Shift

Table 2.2.2 presents the lists of the KENO input data blocks supported by CSAS-Shift sequence. The input
method in some data blocks may show some minor differences between the CSAS-KENO and CSAS-Shift
sequences. Similarly, some capabilities provided by each input block also have some differences. All these
details are discussed in this section. KENO input data blocks, that are reaction data, bias data, mixt
data, and plot data, are not currently supported by the CSAS-Shift sequences.
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Table 2.2.2: Summary of KENO input data blocks available in
CSAS-Shift sequences.

Data block Status Comments

Parameters” Supported See Sect. 2.2.4.1.1 for more de-
tails.

Geometry Supported See Sect. 2.2.4.1.2 for more de-
tails.

Array data Supported

Boundary conditions Supported See Sect. 2.2.4.1.2 for more de-
tails.

Volume data Supported See Sect. 2.2.4.1.2 for more de-
tails.

Energy boundaries Supported

Start data Supported See Sect. 2.2.4.1.4 for more de-
tails.

Grid geometry data Supported

Plot data Not available | The data in this block will be ig-
nored in the calculations

Bias data Not available | Execution will be terminated.

Reaction data Not available | The data in this block will be ig-
nored in the calculations

Mixt data Not available | The data in this block will be ig-
nored in the calculations

* Must precede all other data blocks in this table.

Similar to CSAS5 and CSAS6, geometry data is the only KENO data block required to perform Shift
transport calculation as part of the CSAS-Shift sequence. Other data blocks are optional, and the same default
values listed in various locations in Sect. 8.1 are also applied to the data in each data block in CSAS-Shift.
Note that parameter data must precede all other KENO data blocks if it is entered.

When CSAS-Shift is run with a user input including bias data block, the execution will be terminated with
the error message given in Example 2.2.3. Note that CSAS-Shift ignores the data entered in the unsupported
plot data, mixt data, and reaction data blocks and continues the calculation. User is notified with a
warning message as shown in Example 2.2.4.

Example 2.2.3: Error message printed by CSAS-Shift output when biasing data is found in user input.

***Error: Failed to run ExnihiloModule with assertion:

AAA at /ornldev/code/Scale/S63/Source/packages/Module/Exnihilo/InputProcessorBase.cpp:193
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Example 2.2.4: A typical warning message printed by CSAS-Shift output when an unsupported data block is
found in user input.

Input Warnings:

***[Jarning: Plot block found. This is not currently supported by Shift and will be ignored for now.

Note: CSAS5-Shift and CSAS6-Shift also support PARM=CHECK or PARM=CHK sequence parm options.
This will allow checking the input data without performing cross section calculation as well as Shift transport
calculations.

=CSAS6-SHIFT PARM=CHK

Parameter data

The KENO parameter data block in both CSAS5 and CSAS6 sequences provides many control parameters to
activate the capabilities available in KENO transport for the problem being run. CSAS-Shift supports only a
subset of these parameters, as listed in Table 2.2.3. Detailed description of these parameter can be seen in
Sect. 8.1.3.3.

Parameters entered in the parameter data input block are processed by CSAS-Shift sequence implementa-
tion, and then the ParameterList input is updated to accordingly activate/deactivate the equivalent capabilities
with Shift transport if the asking feature is currently supported by Shift. CSAS-Shift usually ignores the
unsupported parameters by notifying the user with a warning message, and then it continues the calculation.
For some specific parameters, code can terminate the execution and ask the user to remove this parameter
from the input and rerun the code for a successful calculation.

Caution: CSAS-Shift notifies users of the unsupported parameters with a warning message before
Numeric and Logical Parameters edit in the output, and then it ignores this parameter. It is the user’s
responsibility to examine which input parameter is ignored in the current calculation.

Note: CSAS-Shift defaults the value of a parameter, which is currently supported but not defined in the
parameter data input block, to the KENO default. In other words, both CSAS and CSAS-Shift use the
same defaults for the same parameters.
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Table 2.2.3: Summary of KENO parameters currently supported by

CSAS-Shift
PARAMETERS: Format: READ PARAM parameter_data END PARAM
See Sect. 8.1.3.3 for details.
KEY DE- DEFINITION KEY DE- DEFINITION
FAULT FAULT

RND= given random number THC= 10.0 thermal energy cutoff (eV)

SIG= 0.0 deviation limit DBL= 0.4 DBRC lower energy cutoff
(eV)

WTA= 0.5 average weight DBH= 210 DBRC upper energy cutoff
(eV)

WTL= 1/WTH Russian Roulette weight MSH= 0.0 mesh size of the cubic mesh

GEN= 203 number of generations DBR= 0 use DBRC for scattering

NPG= 1000 number per generation DBX= 2 Doppler Broadening method

NSK= 3 generations skipped CET= 0 CE TSUNAMI calculation
mode

NGP= 252 number of energy groups for | CFP= -1 number of latent generations

tallying for CE- SUNAMI

PTB= YES use probability tables SCD= YES fission source convergence
diag.

FLX= NO collect and print region fluxes | CDS= NO accumulate neutron produc-
tion

FDN= YES fission densities FIS= NO fission rate mesh tally

NUB= YES neutrons per fission GFX= NO compute grid fluxes

FST= NO print F*(r) 3dmap CGD= NO use mesh for CLUTCH F*(r)
calc.

RUN= YES execute problem TRK= NO NOT FULLY IMPLE-
MENTED

Table 2.2.4: Summary of parameters only available in CSAS-Shift

PARAMETERS:

KEY DEFAULT | DEFINITION

PN_ORDER= 5 Legendre polynomial order
DOUBLE_INDEXING= 0.0 Accelerate xsec calculation using double
THINNING_TOLERANCE= 0.0001 Tolerance to use thinning the unionized x

In CSASS and CSAS6, users can control the number of scattering angles in multigroup calculations by
entering the SCT parameter in the KENO mixing data block. The similar capability in CSAS-Shift was
provided by adding a new parameter, PN_ORDER=, to the parameter data block because the mixing data
block is not supported by CSAS-Shift sequences. Its default is set as 5.
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Geometry data

CSAS-Shift with ORANGE geometry supports all KENO V.a and KENO-VI geometry capabilities except
the following:

e Using GLOBAL ARRAY instead of GLOBAL UNIT. Further details for this capability are available in
KENO V.a, see Sect. 8.1.3.4 and Sect. 8.1.4.6

LOOP construct in array data block

Material-specific albedo boundary conditions

PERIODIC and WHITE albedo boundary conditions

Random volume estimates for KENO-VI geometry (TYPE=random option in volume data)

CSAS-Shift can perform volume calculations with the stochastic ray-tracing method concurrently on the
replicated domain on multiple cores.

Random geometry

Another new capability CSAS-Shift provides is the modeling of random packed media. The primary features
that require input specification for this capability are the regular array and stochastic placement of spherical
geometry without clipping along the region boundary, where the available region boundaries are spheres,
cuboids, and cylinders.

To implement these new features, a new data block named randomgeom was added to SCALE. The
randomgeom block is composed of randommix specifications, which are then composed of key/value
pairs. The basic structure of the randomgeom block and then randommix specifications is as follows:

Example 2.2.5: New randomgeom data block in CSAS-Shift

read randomgeom

RANDOMMIX = ID
TYPE=random/cubic/fcc

UNITS= Ul U2 ... UN end
PFS= pfl pf2 ... pfN end
CLIP= yes/no

SEED= int

end RANDOMMIX

end randomgeom

with
e randommix keyword with ID number or name
o random/cubic/face-centered cubic array options
o list of existing unit number(s) in geometry
o fraction of volume occupied by units Ul ... UN
e boundary clipping on or off

e control random seed for random placement
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Similar to the array block, this input block requires that the unit geometry specified as part of a randommix in
the units list must exist in the geometry and must have a spherical outer boundary. The PF input, specified
with the PFS keyword, must be the same length as the units list, and the sum of the PFS list must be less than
1.0. In practice, the actual limit to the total PF depends on the size and number of the units specified by the
user, so the requirement for PFS to be less than 1.0 is just a simple check. The TYPE keyword specifies the
placement methodology; TYPE=random will call the stochastic placement algorithm, whereas TYPE=cubic
will place the unit geometry in a simple cubic structure (one sphere in a cuboid), and TYPE=fcc will place the
unit geometry in a face-centered cubic (FCC) structure. For all type options, the CLIP keyword will control
the clipping of geometry along the boundary. The SEED keyword is an integer used to determine the random
seed used for placement of the stochastic geometry and for choosing which particle to place in the BCC and
FCC lattice structure.

A “fill” material—the interstitial media surrounding the random spherical geometry units—is not present in
the randomgeom block. The fill media is handled in the unit specification within the KENO geometry data
block in the input file. As in a normal array in KENO geometry, the randommix specified in the randomgeom
block is used to fill a region in a unit. However, unlike in the array specification, when using a randommix in
a unit, the user must also specify a media filling that region. This feature allows the same randommix to be
used in multiple different units with varying fill materials. The basic unit format along with a randommix on
the media record itself is as follows:

read randomgeom
randommix=ID

end randommix
end randomgeom

read geometry

unit U
surfaces ...
media ...
media F biasID surfaces randommix=ID
boundary S

end geometry

In the sample case shown in Example 2.2.6, a single pebble is filled with a single TRISO particle type.
Fig. 2.2.1 shows how TRISO particles are placed in a single pebble with the randomgeom capability. The
individual location of particles is written in the Shift Hierarchical Data Format (HDF5) output file, so these
locations can be used for verification or other purposes as needed.

Example 2.2.6: One TRISO type in a pebble

=csas6-shift

read geometry
unit 1
com='kernell'
sphere 1 2.50e-02
sphere 2 3.40e-02
sphere 3 3.80e-02
sphere 4 4.15e-02
sphere 5 4.55e-02

(continues on next page)
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(continued from previous page)

media 100 1
media 101 1
media 102 1
media 103 1
media 104 1
boundary 5
global unit 10
com='pebble’
sphere 1 2.5
sphere 2 3.0
cuboid 3 6p5.0
media 101 1 1 RANDOMMIX='trisos
media 106 1 2 -1
media ® 1 3 -2
boundary 3
end geometry
read randomgeom
randommix = 'trisos’
type= random
units= 1 end
pfs= 0.05 end
clip= no
seed= 0
end randommix
end randomgeom

end data
end

Fig. 2.2.1: Visualization of 3D and 2D cuts of the single TRISO model.
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Start data

CSAS-Shift supports only START types 0, 1, 6, 7, and 8. CSAS-Shift start data implementation does not
currently support the PSP option, which is used to print source positions sampled by the Shift transport.

Implementations for start types 0, 1, 7, and 8 in CSAS-Shift are are similar to those in CSAS5 and CSAS6.
However, there are some minor differences in start type 6.

In KENO start type 6 implementation, the following rules are applied when selecting the starting points (see
Sect. 8.1.4.8 and Sect. 8.1.3.3 for more details).

o Start NPG initial fission neutrons at first-NPG starting points defined by start type 6 data if NPG <
LNU. Remaining starting points beyond NPG will be discarded.

o Start NPG initial fission neutrons at LNU starting points defined by start type 6 data if NPG = LNU.

e Start LNU initial fission neutrons at the starting points defined by start type 6 data, then randomly
select the remaining fission source points (NPG-LNU) from these starting points if NPG > LNU.

where LNU, a start type 6 data parameter, is the total number of starting points specified in the start data
block; and NPG, a parameter in the parameter data block, is the number of neutrons per generations.

Unlike KENO, the CSAS-Shift input processor does not follow the above rules when selecting positions for
the initial fission neutrons. It calculates the probability of each point being selected and passes all starting
points with this information to the Shift module. The Shift module always samples NPG initial fission source
points using these data.

For example, the KENO code processes the following input and then samples the initial fission points.

=csas6 parm=bonami
Godiva test problem

test-8grp

read composition
u-234 10 0.000491995 300 end
u-235 10 0.0449996 300 end
u-238 10 0.002498 300 end

end composition
read parameter

htm=no gen=10 npg=15
end parameter

read geometry
global unit 1
sphere 1 8.67
media 1 1 1
boundary 1
end geometry

read start
nst=6 ps6=yes psp=yes
tfx=1.0 tfy=1.0 tfz=1.0 lnu=5
tfx=2.0 tfy=2.0 tfz=2.0 lnu=20
end start
end data
end

The summary of the sampling process is printed in KENO output, as shown in Fig. 2.2.2. KENO first starts 5
neutrons at (1.0, 1.0, 1.0) and the remaining 10 neutrons at (2.0, 2.0, 2.0) since LNU=20 > NPG=15.
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start type 6 was used.
neutrons started in non-fissile mixtures will use the fission spectrum for mixture 1
neutrons were started at the following positions.

neutrons 1 to 5 were started at x= 1.00000E+00 y= 1.00000E+00 z= 1.00000E+00
relative to the global coordinate system.

neutrons 6 to 15 were started at x= 2.00000E+00 y= 2.00000E+00 =z= 2.00000E+00
relative to the global coordinate system.

Fig. 2.2.2: Start type 6 output printed by CSAS6.

However, CSAS-Shift creates a probability distribution from the defined start type 6 points and samples
starting positions for NPG=15 particles using this distribution, as shown in Fig. 2.2.3.

Starting Source Distribution

Starting source type 6 was used for the initial neutron distribution.

Neutrons started in non-fissile mixtures will use the Watt-fission spectrum in start type 6.
***Warning: PSP option is not currently supported in start type 6 on line:24 column:11
Neutrons were started at the following positions relative to the global coordinate system.

- Neutrons were started at ( 1.000000 , 1.000000 , 1.000000 ) with 25% probability.
- Neutrons were started at ( 2.000000 , 2.000000 , 2.000000 ) with 75% probability.

Fig. 2.2.3: Start type 6 output printed by CSAS-Shift.

2.2.5 NOTES TO CSAS-SHIFT USERS

In Monte Carlo calculation, the variance of the eigenvalue (k-eff) at each generation is calculated as a sample
variance, which is the quantity obtained by assuming no correlation over the generations. However, there is a
correlation among the fission sources over generations since the deviation of fission source at a generation
from its equilibrium distribution is transferred to the following generations. To resolve this issue, KENO
codes use an iterative method to estimate the real variance. [CritSafetyUMN97]

This methodology is not available in Shift transport (i.e., Shift does not estimate the real variances). However,
the CSAS-Shift sequence uses this methodology as a post-processing stage to estimate the real variances.
Therefore, Shift’s reported uncertainty values (which are sample variance) in the message file are different
from the CSAS-Shift sequence reported values (real variance) in the output file. It is highly recommended
that k-eff uncertainties reported in the output file be used in the analyses where criticality is being assessed.

Caution: k-eff uncertainties printed in message and output files show differences. It is highly recom-
mended that k-eff uncertainties reported in the output file be used in the analyses where criticality is being
assessed.
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2.2.6 CSAS-SHIFT OUTPUT

The CSAS-Shift sequence output is similar to the CSASS5 and CSASG6 outputs, except the output section
dedicated to the transport module. See Sect. 2.1.5 for the layout of the output, mixture table edit, and cross
section processing summary edits for a typical CSAS sequence.

This section contains a brief description of the output section dedicated to the Shift transport module. This
section provides representative samples of the output format. The actual data contained in this section are not
necessarily consistent with results computed by the current version of CSAS-Shift.

2.2.6.1 Shift output

The output layout of the Shift transport module is generally similar to the typical KENO output edits printed
in the CSAS sequence output. However, some output edits are printed in a very different format, and these
are discussed in this section.

Warning and error messages show stylistic differences compared to the traditional CSAS and KENO messages,
and their details are not documented in this manual.

Program verification information

Program verification information Fig. 2.2.4 is printed after the header page. It lists the name of the program,
the date the load module was created, the library that contains the load module, the computer code name
from the configuration control table, and the revision number. The job name, date, and time of execution are
also printed. This information may be used for quality assurance purposes.

D T T T T T L e L S T LI T T T T T Y
L T L R LR L L R L L T g T R R R R T T R T ET T T Y
L T L R LR R R R e R R T T L T T T I T T T Y

TTe L] PTIs L]
EREEK program verification information il
TIe L] PTIs L]
Fkkkx code system: SCALE version: 6.3.0 Ekk kK
TIe L] PTIs L]

D T T T T T L e L S T LI T T T T T Y
L T L R LR L L R L L T g T R R R R T T R T ET T T Y

TTs L] PTIs L]
TTe L] PTIs L]
*HKEK program: shift kKK
TIe L] PTIs L]
EHKEK version: 6.3 PTLIT]
TIe L] PTIs L]
EHKE K username: 5kq PTIs L]
TTs L] PTIs L]
KKK hostname: kbb-mac PTIs L]
TTe L] PTIs L]
TTe L] PTIs L]
e ek date of execution: 2021-10-17 PTIs L]
TTs L] PTIs L]
EHHE K time of execution: 19:43:27 PTLIT]
ITIs L] PTIs L]

L T L R LR L L R L L T g T R R R R T T R T ET T T Y
L T L R LR R R R e R R T T L T T T I T T T Y
L T T T T T T L T Y L s s

Fig. 2.2.4: Sample program verification table.

General problem information

A general problem information output edit, shown in Fig. 2.2.5, follows the program verification information
table. This table is printed by all SCALE Shift sequence implementations. After printing the title given in the
input, it summarizes some high-level information for the physics setup of the Shift code.
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Loaded MG Library: /ornldev/code/Scale/S63/INSTALL/G_63_bll29/data/scale.rev05.xn252v7.1

General Problem Information

- Problem-Title Short description title for the input problem sample problem 18 1£27 critical experiment

- Problem-Mode Forward / Hybrid / KCode KCode

- Transport-Mode Continuous-Energy / Multi-Group Multi-Group

- Particle-Type Neutron / Photon / Neutron-Photon transport Neutron

- Std-Comp-Path Path to the SCALE Standard Composition Library /ornldev/code/Scale/S63/INSTALL/G_63_bl129/data/scale.rev40.sclib

- MC-Lib-Path Library path used for Monte Carlo transport /ornldev/code/Scale/S63/INSTALL/G_63_bl1l29/data/scale.rev05.xn252v7.1
- MC-Num-Groups Number of energy groups (N+P) for Monte Carlo 252

Fig. 2.2.5: Sample general problem information table.

Input Warnings

CSAS-Shift captures the warning messages emitted from the ExnihiloInputBuilder when processing KENO
data for the Shift transport. All these stacked warning messages are printed in the input warnings output table
as shown in Fig. 2.2.6.

Input Warnings:

***Jarning: Plot block found. This is not currently supported by Shift and will be ignored for now.

***WJarning: input parameter ( amx = yes ) will not be used because it is not currently supported by Shift.
***Jarning: input parameter ( cka = yes ) will not be used because it is not currently supported by Shift.
***WJarning: input parameter ( cku = yes ) will not be used because it is not currently supported by Shift.
***Jarning: input parameter ( far = yes ) will not be used because it is not currently supported by Shift.

***fJarning: input parameter

fma = yes

will not be used because it is not currently supported by Shift.

***Jarning: input parameter

fmh = yes

will not be used because it is not currently supported by Shift.

***Warning: input parameter

fmu = yes

will not be used because it is not currently supported by Shift.

***Jarning: input parameter ( htm = no ) will not be used because it is not currently supported by Shift.
***[Jarning: input parameter ( mka = yes ) will not be used because it is not currently supported by Shift.
***Jarning: input parameter ( mku = yes ) will not be used because it is not currently supported by Shift.
***[Jarning: input parameter ( pax = yes ) will not be used because it is not currently supported by Shift.
***Jarning: input parameter ( pgm = yes ) will not be used because it is not currently supported by Shift.

***Warning: input parameter ( plt = yes

will not be used because it is not currently supported by Shift.

***WJarning: input parameter ( pwt = yes

will not be used because it is not currently supported by Shift.

- Number of Warning Messages: 15

Fig. 2.2.6: Sample input warnings table.

Tables of parameter data

The CSAS-Shift parameter edits list both numeric and logical parameters in the same table. In each table
row, the name of the KENO parameter, its short description, the current value of the parameter, and its input
method are printed. If the parameter value has been entered by user in the KENO parameter data block, the
input method is printed as ( input * ). Otherwise, the input method is printed as ( default ). The user should
always verify that the parameter data block was entered as desired. An example of the parameters table is
shown in Fig. 2.2.7.
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Numeric and Logical Parameters

- cds Collect CADIS fissions OFF { default )
- cet CE-TSUNAMI sensitivity method NONE { default )
- cfp Number of latent gens in CE-TSUNAMI 5 ( default )
- cgd Use F*(r) Mesh NO ( default )
- dbh High Energy Cutoff (in eV) for DBRC 210 ( default )
= dbl Low Energy Cutoff (in eV) for DBRC 0.4 ( default )
- dbr DBRC isotope selection OFF ( default )
- dbx Doppler Broadening Method 1D-AND-2D { default )
- double_indexing Accelerate xsec calculation using double indexing  OFF { default )
- fdn Compute fission densities ON { input * )
- fis Fission rate mesh tally OFF { default )
- flx Print fluxes ON ( input * )
- fst Print F*(r) mesh values NO ( default )
- gen Number of generations 103 ( input * )
- gfx Grid flux, averaged over voxel volume QFF ( default )
- mfx Compute mesh fluxes QFF ( default )
- msh Mesh size for mesh flux tally 0.0 ( default )
- ngp Number of energy groups for tallying 252 { default )
- npg Number per generation 1000 { input * )
- nsk Number of generations to be skipped 3 ( default )
- nub Print fission densities ON ( input * )
- pn_order Legendre polynomial order 5 ( default )
- ptb Use probability tables ON ( default )
- rnd Starting random number f12c09ed2195 ( input * )
- run Execute problem after checking data ON { default )
- scd Mesh based source convergence diagnostics ON { default )
- sig Cut off standard deviation 0.0 { default )
- thec CE Thermal energy cutoff (in eV) 10 ( default )
- thinning tolerance Tolerance to use thinning the unionized xsec grid 0.0001 ( default )
- trk Print tracking information OFF ( default )
- wta Default value of weight average 0.5 ( default )
- wtl Weight low for russian roulette 0.333333 ( default )

Fig. 2.2.7: Sample table of numeric and logical parameter data.

Energy boundaries data

The CSAS-Shift implementation supports multiple sets of energy boundaries specifications for some of the
tallies. This can be done by using the definitions data block as described in the CSAS manual Sect. 2.1.4.
However, it prints only the default energy group bounds in the energy boundaries data edit, as illustrated in
Fig. 2.2.8. Energy group boundaries used for each mesh tally will be printed in the mesh tallies output edit.

Upper Energy(eV) Boundaries of 252 Group Structure

Group E(eV) Group E(eV) Group E(eV) Group E(eV) Group E(eV)
1 2.00000e+07 52 5.00000e+04 103 6.75000e+01 154 6.00000e+00 205 9.75000e-01
2 1.73300e+07 53 4.50000e+04 104 6.50000e+01 155 5.40000e+00 206 9.50000e-01
3 1.56800e+07 54 3.00000e+04 105 6.30000e+01 156 5.00000e+00 207 9.25000e-01
4 1.45500e+07 55 2.00000e+04 106 6.10000e+01 157 4.70000e+00 208 9.00000e-01
5 1.38400e+07 56 1.70000e+04 107 5.80000e+01 158 4.10000e+00 209 8.50000e-01
6 1.28400e+07 57 1.30000e+04 108 5.34000e+01 159 3.73000e+00 210 8.00000e-01
7 1.00000e+07 58 9.50000e+03 109 5.06000e+01 160 3.50000e+00 211 7.50000e-01
8 8.18700e+06 59 8.03000e+03 110 4.83000e+01 161 3.20000e+00 212 7.00000e-01
9 6.43400e+06 60 5.70000e+03 111 4.52000e+01 162 3.10000e+00 213 6.50000e-01
10 4.80000e+06 61 3.90000e+03 112 4.40000e+01 163 3.00000e+00 214 6.25000e-01
11 4.30400e+06 62 3.74000e+03 113 4.24000e+01 164 2.97000e+00 215 6.00000e-01
12 3.00000e+06 63 3.00000e+03 114 4.10000e+01 165 2.87000e+00 216 5.50000e-01
13 2.47900e+06 64 2.50000e+03 115 3.96000e+01 166 2.77000e+00 217 5.00000e-01
14 2.35400e+06 65 2.25000e+03 116 3.91000e+01 167 2.67000e+00 218 4.50000e-01

Fig. 2.2.8: Sample energy boundaries edit.
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Mixing table data edits

CSAS-Shift uses the same format and contents as those described for KENO codes in Sect. 8.1.3.10 for the
mixing table data edits. In this table, the mixture number, density, and temperature are first printed, followed
by a table of the nuclides which make up the mixture. This table contains the following data: nuclide ID
number, nuclide mixture ID number, atom density, weight fraction of nuclide in mixture, ZA number, atomic
weight, temperature, and nuclide title. Mixture temperature is the same as the nuclides’ temperatures for
the multigroup calculations, but it may show some differences in continuous-energy calculations. See Sect.
8.1.3.10 for details.

A sample mixing table data edit is shown in Fig. 2.2.9 for a multigroup calculation.

Mixing Table

mixture = 1 density(g/cc) = 1.55523e+00 temperature(K) = 300.00
nuclide nucmix atom-dens. wgt. frac. za awt temp nuclide title
1001 1 5.77865e-02 6.21826e-02 1001 1.0078 300.00 h_h2o 1 fast: hl endf-7 rell rev7 mod0 Tue Apr 10 15:50:50 2018
1002 1 6.64621e-06 1.42926e-05 1002 2.0141 300.00 d_d2o 11 fast: h2 endf-7 rell rev7 mod0 Tue Apr 10 15:50:13 2018
7014 1 2.12317e-03 3.17441le-02 7014 14.0031 300.00 nl4 725 endf-7 rell rev7 mod0 Sun Apr 8 12:12:08 2018
7015 1 7.75657e-06 1.24228e-04 7015 15.0001 300.00 nl5 728 endf-7 rell rev7 mod0 Sun Apr 8 12:12:09 2018
8016 1 3.73205e-02 6.37360e-01 8016 15.9949 300.00 olé 825 endf-7 rell rev7 mod4 Sun Apr 8 12:12:27 2018
8017 1 1.42163e-05 2.58030e-04 8017 16.9991 300.00 o0l7 828 endf-7 rell rev7 mod0 Sun Apr 8 12:12:27 2018
8018 1 7.66934e-05 1.47389e-03 8018 17.9992 300.00 Injected 0-18 zero cross sections
92234 1 1.06784e-05 2.66842e-03 92234 234.0410 300.00 u234 9225 endf-7 rell rev7 mod2 Sun Apr 8 12:14:12 2018
92235 1 9.84603e-04 2.47096e-01 92235 235.0439 300.00 u235 9228 endf-7 rell rev7 mod7 Sun Apr 8 12:14:13 2018
92236 1 5.29387e-06 1.33421e-03 92236 236.0456 300.00 u236 9231 endf-7 rell rev7 modl Sun Apr 8 12:14:14 2018
92238 1 6.19415e-05 1.57437e-02 92238 238.0508 300.00 u238 9237 endf-7 rell rev7 mod5 Sun Apr 8 12:14:18 2018
mixture = 2 density(g/cc) = 1.18000e+00 temperature(k) = 293.00
nuclide nucmix  atom-dens. wgt. frac. za awt temp nuclide title
1001 2 5.67766e-02 8.05238e-02 1001 1.0078 293.00 h_h20 1 fast: hl endf-7 rell rev7 mod0 Tue Apr 10 15:50:50 2018
1002 2 6.53006e-06 1.85083e-05 1002 2.0141 293.00 d_d2o 11 fast: h2 endf-7 rell rev7 mod0 Tue Apr 10 15:50:13 2018
6000 2 3.54895e-02 5.99840e-01 6000 12.0107 293.00 ¢ 600 endf-7 rell rev7 mod0 Sun Apr 8 12:10:10 2018
8016 2 1.41613e-02 3.18752e-01 8016 15.9949 293.00 o0l6 825 endf-7 rell rev7 mod4 Sun Apr 8 12:12:27 2018
8017 2 5.39440e-06 1.29044e-04 8017 16.9991 293.00 017 828 endf-7 rell rev7 mod0 Sun Apr 8 12:12:27 2018
8018 2 2.91013e-05 7.37111e-04 8018 17.9992 293.00 Injected 0-18 zero cross sections
mixture = 3 density(g/cc) = 8.99998e-01 temperature(K) = 293.00
nuclide nucmix atom-dens. wgt. frac. za awt temp nuclide title
9001001 3 7.99137e-02 1.48599%e-01 1001 1.0078 293.00 h_ch2 37 fast: hl endf-7 rell rev7 mod0 Tue Apr 10 15:50:49 2018
6000 3 3.84201e-02 8.51401e-01 6000 12.0107 293.00 c 600 endf-7 rell rev’ mod0 Sun Apr 8 12:10:10 2018

Fig. 2.2.9: Sample mixing table edit.

Geometry data edits

CSAS-Shift captures the output edit from ORANGE and prints these data as the overview of the geometry.
Its format is completely different from the traditional KENO geometry output format but includes more
descriptive sections for each geometry piece, as shown in Fig. 2.2.10.
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Geometry Essentials

KK KK A KA KA KK AR KK KA KA KKK AA KA IR IR IR KA AR
"unit 1" (<inp>:14)
kkdkkkkdhkhkdhkhbhhkdbhhkdhdhkdrdhdhhdbohhdhddkhdhhkddbdkhkddkkdd

1Type: masked unit
:# Cells: 2 (offset = 0)
:# Surfaces: 3 (offset = 0)

'

:Bounding box: ~~{-8.6 -8.6 -8.6 to 8.6 8.6 8.6}

Cell %z Name Surface logic

0 Bbnds 0 ~1&2~ &~
(from ~“<inp>:16"")

1 M1l.1 0~-1&2~-&

(from ~“<inp>:16"")

Cells with reentrant surface tracking: "bnds"

Surface Name Description

0 Cyl z: r=8.6
reg@l6.coz (from ~“<inp>:16"")

1 Plane: z=-8.6
reg@l6.mz (from ~“<inp>:16"")

2 Plane: z=8.6
reg@l6.pz (from ~“<inp>:16"")

Cell Fill

bnds ---
1.1 Material 0

Reflecting boundaries: reg@lé6.coz

Fig. 2.2.10: Sample ORANGE geometry output edit.

Volume information

Volume tables for both KENO V.a and KENO-VI geometries are always printed by CSAS-Shift using the
KENO-style volume editing format and cannot be suppressed. KENO V.a and KENO-VI volume tables show
some differences, and all these details are described in KENO manual. See Sect. 8.1.5.17 for further details.

A sample volume output edit for KENO-VI geometry printed by CSAS-Shift is shown in Fig. 2.2.11.
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Volumes for those units utilized in this problem

volumes not specified in the input were set to -1.0

geometry
unit uses region mixture total region volume {cm**3)
1 27 1 1 1.34944e+05 +/- 2.69031e+01
2 0 1.58911e+03 +/- 1.76928e+01
3 2 3.02505e+04 +/- 5.06464e+01
4 0 1.14128e+06 +/- 8.68818e+01
2 1 5 0 0.00000e+00
| 3 1 2 3 2.27367e+05 +/- 8.59460e+01
| 3 3 2.52236e+05 +/- 1.05032e+02
4 3 2.78492e+05 +/- 8.39155e+01
5 3 3.05954e+05 +/- 2.36072e+02
6 3 3.62926e+05 +/- 1.82181e+02
mixture total mixture volume (cm**3) total mixture mass (gm)
0 1.14287e+06 +/- 8.68239e+01
1 1.34944e+05 +/- 2.69031e+01 2.09869e+05 +/- 4.18403e+01
2 3.02505e+04 +/- 5.06464e+01 3.56955e+04 +/- 5.97627e+01
3 1.42697e+06 +/- 1.57770e+02 1.28427e+06 +/- 1.41993e+02
2.73504e+06 1.52984e+06
The maximum order of error associated with the calculated volumes is 1.1134 percent.

Fig. 2.2.11: Sample volume output edit.

Initial source edits

A summary table is always printed for start types 0, 1, 6, 7, and 8. The table format is the same for both KENO
V.a and KENO-VI geometries. Fig. 2.2.12 illustrates typical starting data for start type 0. The parameter used
in this example was NST=0.

Starting Source Distribution

Starting source type 0 was used for the initial neutron distribution.
Neutrons were started with a flat distribution in a cuboid defined by:

xmin = -70.590000 xmax = 70.590000 ymin = -70.590000 ymax = 70.590000 zmin = -68.610000 zmax = 68.610000

Fig. 2.2.12: Example of start data.
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K-effectives by generation

At the completion of each generation, CSAS-Shift prints the kg for that generation and associated information
obtained from the Shift transport module. An example of this printout is given in Fig. 2.2.13.
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generation average avg k-eff generation

generation  k-effective k-affective deviation entropy
1 1.01338e+00 1.00000a+00 0.00000e+00 5.89961a+00
2 9.70182e-01 1.00000e+00 0.00000e+00 5.89779a+00
3 1.02343e+00 1.02343e+00 0.00000e+00 5.72883e+00
4 9.79642e-01 1.00153a+00 2.18518e-02 5.84274a+00
5 9.96666-01 9.99911a-01 1.27430e-02 5.74560a+00
& 9.50861e-01 9.87649a-01 1.52170e-02 5.73809a+00
7 1.05027e+00 9.94360e-01 6.44694e-02 5.72844e+00
8 9.83610e-01 9.92210e-01 3.81502e-02 5.63436e+00
Ll 9.87795e-01 9.91474e-01 2.53610e-02 5.59095a+00
10 9.83392e-01 9.90319a-01 1.97590e-02 5.75625a+00
11 1.07302e+00 1.00066a+00 2.03331e-02 5.79948a+00
12 1.06752e+00 1.00809e+00 2.02116e-02 5.73203e+00
13 9.51821e-01 1.00246a+00 1.59043e-02 5.78473a+00
14 1.028662+00 1.00466a+00 1.44316e-02 5.73784a+00
15 9.792472-01 1.00254a+00 1.32584e-02 5.68546a+00
16 9.89899e-01 1.00157e+00 1.21493e-02 5.73697e+00
17 1.00517e+00 1.00i83e+00 1.11792e-02 5.63913e+00
18 9.56220e-01 9.98786a-01 1.08530e-02 5.81476a+00
19 9.78524e-01 9.97520a-01 1.019392-02 5.66365a+00
n 1.01753e+00 9.98697a-01 9.61749e-03 5.71381e+00
| 21 1.08211e+00 1.00333e+00 1.02847e-02 5.60681e+00
22 9.58422e-01 1.00087a+00 1.00133e-02 5.68453a+00
3 1.01B848e+00 1.00184a+00 9.51646e-03 5.69092a+00
24 1.01482e+00 1.00246a+00 9.05146e-03 5.66359a+00
25 1.03469e+00 1.00393e+00 B.74571e-03 5.70811e+00
26 9.78416e-01 1.00282e+00 8.41911e-03 5.68900e+00
27 1.02084e+00 1.0035%7a+00 8.08287e-03 5.72107a+00
8 1.00872e+00 1.00381a+00 7.74301e-03 5.64845a+00
29 9.99763e-01 1.00366a+00 T.42860e-03 5.75952a+00
an 1.04161e+00 1.00506e+00 7.28510e-03 5.63108e+00
31 1.06577e+00 1.00723a+00 7.362340-03 5.65349a+00
3z 1.01665a+00 1.00756a+00 7.10251e-03 5.60440a+00
33 9.863692-01 1.00685a+00 6.89210e-03 5.63754a+00
34 9.91391e-01 1.00635e+00 6.67834e-03 5.77750e+00
35 9.00973e-01 1.00306e+00 7.30001e-03 5.68364e+00
36 1.04272e+00 1.00426a+00 7.17616e-03 5.68296a+00
37 1.07232e+00 1.00626a+00 7.25488e-03 5.70924a+00
38 1.03503e+00 1.00708a+00 7.08899e-03 5.73101e+00
39 1.045942e+00 1.00826e+00 6.98901e-03 5.63885e+00
40 9.664792-01 1.00713a+00 6.89061e-03 5.615802a+00
41 9.97690e-01 1.00688a+00 6.706652-03 5.68703a+00
42 1.00626a+00 1.00687a+00 6.527792-03 5.71207a+00
43 9.80604e-01 1.00621e+00 6.39379e-03 5.68552e+00
dd 9.80350e-01 1.00558e+00 6.26537e-03 5.66305e+00
45 1.02343e+00 1.006800a+00 6.12615e-03 5.72812a+00
46 1.00280e+00 1.00593a+00 5.97898e-03 5.57660a+00
47 1.05123e+00 1.006896a+00 5.93264e-03 5.789460+00
48 9.51343e-01 1.00572e+00 5.93253e-03 5.70625e+00
49 1.04804e+00 1.00664a+00 5.87497e-03 5.74601a+00
50 9.61190e-01 1.00568a+00 5.83022e-03 5.66760a+00
51 1.01157e+00 1.00580a+00 5.70620e-03 5.57502a+00
52 1.015877e+00 1.00608e+00 5.59364e-03 5.70075e+00
53 1.01518e+00 1.00627e+00 5.481dde-03 5.65813e+00
LT 9.81417e-01 1.00578a+00 5.39365e-03 5.68064a+00
55 9.968372-01 1.00561a+00 5.28974e-03 5.60448a+00
56 1.02665e+00 1.006800e+00 5.20278e-03 5.66613a+00
57 1.00231e+00 1.00594e+00 5.10415e-03 5.73515e+00
58 1.03411e+00 1.00645a+00 5.03584e-03 5.70948a+00
59 1.00668a+00 1.00645a+00 4.94343e-03 5.77343a+00
&0 9.92644e-01 1.006821a+00 4.86061e-03 5.78771a+00
61 1.01020e+00 1.00628a+00 4.77509e-03 5.88953a+00
62 9.79943e-01 1.00583e+00 4.71397e-03 5.85620e+00
63 9.26348e-01 1.00451a+00 4.82531e-03 5.79497a+00
B4 1.00356e+00 1.00449a+00 4.74423e-03 5.73009a+00
65 1.02184e+00 1.00477a+00 4.67448e-03 5.85977a+00
11 1.01753e+00 1.00497e+00 4.60307e-03 5.70199e+00
67 9.45218e-01 1.00404e+00 4.62768e-03 5.67147e+00
1] 1.02752e+00 1.004408+00 4.56956a-03 5.61904a+00
1] 1.00384e+00 1.00439a+00 4.49872e-03 5.65525a+00
70 9.82875e-01 1.00407a+00 4.44202e-03 5.65685a+00
71 9.4453de-01 1.00320e+00 4.46457e-03 5.76498e+00
72 9.75537e-01 1.00280a+00 4.4171592-03 5.76101a+00
73 9.72098e-01 1.00236a+00 4.37539e-03 5.72013a+00
T4 9.93805e-01 1.00224e+00 4.31416e-03 5.80465a+00
75 9.49435e-01 1.00150e+00 4.31751e-03 5.75048e+00
76 9.93615e-01 1.00139e+00 4.25853e-03 5.89058e+00
7 1.05888e+00 1.00217a+00 4.27298e-03 5.74990a+00
78 9.54240e-01 1.00153a+00 4.26433e-03 5.78041a+00
79 1.08583e+00 1.00264a+00 4.4dl26e-03 5.73331e+00
a0 1.04125e+00 1.00314e+00 4.32690e-03 5.64544e+00
a1 1.00142e+00 1.00312a+00 4.27040e-03 5.64528a+00
a2 9.99268e-01 1.00307a+00 4.21558e-03 5.59989a+00
83 1.09075e+00 1.00417a+00 4.30735e-03 5.70087a+00
B4 9.89121e-01 1.00398e+00 4.25733e-03 5.67111e+00
85 1.05128e+00 1.00456e+00 4.38935e-03 5.56920e+00
L 1.025862e+00 1.00486a+00 4.33205e-03 5.68235a+00
a7 1.00378e+00 1.00485a+00 4.27712e-03 5.62192a+00
B8 9.945941e-01 1.00473a+00 4.21B844e-03 5.79162a+00
89 1.02692e+00 1.00499e+00 4.17515e-03 5.765907e+00
a0 1.04299e+00 1.00543a+00 4.13663e-03 5.67881a+00
91 1.05452e+00 1.00598a+00 4.16318e-03 5.79737a+00
92 1.004992+00 1.00597a+00 4.11383e-03 5.72353a+00
93 1.08052e+00 1.00680e+00 4.26667e-03 5.71142e+00
94 9.78412e-01 1.00649e+00 4.23170e-03 5.79313e+00
95 1.05817e+00 1.00705a+00 4.33538e-03 5.67985a+00
96 9.83257e-01 1.00680a+00 4.314840-03 5.78564a+00
97 1.02705e+00 1.00701e+00 4.30225e-03 5.73712e+00
98 9.986824e-01 1.00692e+00 4.26205e-03 5.67090e+00
99 9.75794e-01 1.006860a+00 4.21266e-03 5.76754a+00
100 1.03116e+00 1.00685a+00 4.17041e-03 5.83370a+00
101 1.025928e+00 1.00708a+00 4.11451e-03 5.83643a+00
102 9.75829e-01 1.00677e+00 4.06466e-03 5.70025e+00
103 9.53697e-01 1.0062de+00 4.02878e-03 5.78531e+00

=r+ Execution terminated due to completion of the specified number of generations.

Fig. 2.2.13: Example of k-effectives and source entropy by generation.
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The data printed include (1) the generation number, (2) the k-effective calculated for the generation, (3) the
average value of k-effective through the current generation (excluding the nskip-1 generations), (4) the
deviation associated with the average k-effective, and (5) Shannon entropy for the generation.

After the last generation, a message is printed to indicate why execution was terminated. If matrix k-effectives
were calculated, then this is followed by a message stating the method used to determine the matrix k-effective.
The user should examine this portion of the printed results to ensure that the two methods of calculating
k-effective are in acceptable agreement and to verify that the average value of k-effective has become relatively
stable. If the k-effectives appear to be oscillating or drifting significantly, then the user should consider
rerunning the problem with a larger number of histories per generation.

Note: k-eff values from Shift calculation are always printed to the standard output (and .msg file). There is
no user option to suppress this.

Warning: k-eff uncertainties printed in the message file always show differences compared to those
printed in this output edit. Users should use the results printed in this output edit in their analysis. See
Sect. 2.2.5 for more details.

Final k-effective edit

The final k-effective edit prints the average k-effective, its associated deviation, and the limits of k-effective for
the 67, 95, and 99% confidence intervals. The number of histories used in calculating the average k-effective
is also printed. This is done by skipping various numbers of generations. The user should carefully examine
the final k-effective edit to determine whether the average k-effective is relatively stable. If a noticeable
drift is apparent as the number of initial generations skipped increases, then it may indicate a problem in
converging the source. If this appears to be the case, the problem should be rerun with a better initial source
distribution and should be run for sufficient number of generations so that the average k-effective becomes
stable. The final k-effective edit is printed as shown in Fig. 2.2.14.
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Final k-eff Edits

no. of initial deviation of
generations average 67 percent 95 percent 99 percent number of variance
skipped k-effective deviation confidence interval confidence interval confidence interval histories (per cent)
3 1.00624 + or - 0.00403 1.00221 to 1.01026 0.99818 to 1.01429 0.99415 to 1.01832 100000 11.8824

4 1.00650 + or - 0.00402 1.00248 to 1.01052 0.99846 to 1.01455 0.99444 to 1.01857 99000 12.1658

5 1.00661 + or - 0.00407 1.00253 to 1.01068 0.99846 to 1.01475 0.99439 to 1.01882 98000 12.0722

6 1.00718 + or - 0.00404 1.00314 to 1.01121 0.99911 to 1.01525 0.99507 to 1.01928 97000 12.4957

7 1.00673 + or - 0.00408 1.00265 to 1.01081 0.99858 to 1.01488 0.99450 to 1.01896 96000 12.5019

8 1.00697 + or - 0.00410 1.00288 to 1.01107 0.99878 to 1.01517 0.99468 to 1.01926 95000 12.6312

9 1.00718 + or - 0.00417 1.00301 to 1.01135 0.99883 to 1.01552 0.99466 to 1.01970 94000 12.4203

10 1.00743 + or - 0.00425 1.00318 to 1.01169 0.99893 to 1.01594 0.99468 to 1.02019 93000 12.2083
11 1.00672 + or - 0.00434 1.00238 to 1.01106 0.99803 to 1.01541 0.99369 to 1.01975 92000 11.8026
12 1.00605 + or - 0.00430 1.00175 to 1.01036 0.99745 to 1.01466 0.99314 to 1.01896 91000 12.1895
17 1.00695 + or - 0.00442 1.00253 to 1.01137 0.99811 to 1.01579 0.99369 to 1.02021 86000 12.8294
22 1.00747 + or - 0.00459 1.00288 to 1.01207 0.99828 to 1.01666 0.99369 to 1.02125 81000 12.9479
27 1.00708 + or - 0.00486 1.00222 to 1.01194 0.99736 to 1.01680 0.99250 to 1.02166 76000 13.0425
32z 1.00570 + or - 0.00580 0.99990 to 1.01150 0.99410 to 1.01729 0.98830 to 1.02309 71000 10.3142
37 1.00622 + or - 0.00656 0.99966 to 1.01278 0.99310 to 1.01934 0.98655 to 1.02590 66000 7.4123
42 1.00583 + or - 0.00707 0.99876 to 1.01291 0.99169 to 1.01998 0.98461 to 1.02705 61000 7.4243
47 1.00567 + or - 0.00769 0.99798 to 1.01336 0.99029 to 1.02105 0.98259 to 1.02874 56000 7.3990
52 1.00638 + or - 0.00819 0.99820 to 1.01457 0.99001 to 1.02275 0.98182 to 1.03094 51000 7.7281
57 1.00659 + or - 0.00920 0.99739 to 1.01579 0.98819 to 1.02499 0.97899 to 1.03419 46000 7.4012
62 1.00682 + or - 0.01043 0.99639 to 1.01725 0.98596 to 1.02767 0.97553 to 1.03810 41000 7.1202
67 1.01014 + or - 0.01071 0.99943 to 1.02085 0.98872 to 1.03156 0.97800 to 1.04228 36000 7.3212
72 1.01389 + or - 0.01037 1.00352 to 1.02427 0.99315 to 1.03464 0.98277 to 1.04502 31000 9.4548
77 1.01780 + or - 0.00868 1.00912 to 1.02649 1.00043 to 1.03517 0.99175 to 1.04386 26000 17.3340
82 1.01814 + or - 0.01076 1.00737 to 1.02890 0.99661 to 1.03967 0.98585 to 1.05043 21000 14.5223
87 1.01352 + or - 0.01279 1.00073 to 1.02631 0.98794 to 1.03910 0.97515 to 1.05189 16000 13.9137
92 1.00836 + or - 0.01687 0.99149 to 1.02523 0.97462 to 1.04211 0.95775 to 1.05898 11000 18.1435
97 0.99410 + or - 0.02331 0.97079 to 1.01741 0.94748 to 1.04072 0.92417 to 1.06402 6000 12.5970

Fig. 2.2.14: Example of the final k-effective edit.

Plot of average k-effective by generations run and by generations skipped

ASCII character plots of the average k-effective versus the number of generations run, and the average
k-effective versus the number of generations skipped, are not printed by CSAS-Shift in the code output.
Instead, two Ptolemy plot files are created and copied into the plots directory in ${OUTDIR}. The name of
the plot files and their final destinations are printed in the output, followed by the final k-effective edit as
illustrated in Fig. 2.2.15. These plot files can be loaded and visualized by Fulcrum.
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Plot of average k-effective by generations run

Plot file, k6smpl8_keff by generations00000.ptp, copied to késmpl8.plots directory.

Plot of average k-effective by generations skipped

Plot file, k6smpl8_keff by generations_skipped00000.ptp, copied to ké6smpl8.plots directory.

*kk** k-effective satisfies the chi**2 test for normality at the 95 % level

Fig. 2.2.15: Information about the average k-eff plot files.

Shannon Entropy Diagnostics

CSAS-Shift does not perform any posterior entropy tests like those available in KENO codes. Instead, it
captures diagnostic test results performed by Shift and prints its details in the Shannon entropy diagnostics
output edit, as shown in Fig. 2.2.16

Shannon Entropy Diagnostics

Inactive cycles 5.84208 +- 0.0566254

Active cycles 5.71327 +- 0.00709912

First half of active cycles 5.69563 +- 0.00867071
Last half of active cycles 5.73091 +- 0.0107595

The difference between the first and and second half of the active cycles (delta / sigma = 2.55283) is just outside the 95% confidence interval

The first cycle to cross over one sigma of the final entropy was cycle 2, which was before the first active cycle 3.

Plot of Shannon Entropy by generation

Plot file, k6smpl8_shannon_entropy00000.ptp, copied to késmpl8.plots directory.

Fig. 2.2.16: Sample Shannon Entropy Diagnostics edit.

Fission densities

The fission density edit is optional. CSAS-Shift prints the neutron production density and the fission density
for each geometry region if parameters FDN=YES and NUB=YES are specified in the parameter data (these are
the default values). If NUB=NO is specified but FDN=YES, then only the production density will be given. An
example of the fission density edit is shown in Fig. 2.2.17

Fission densities

production percent total fission percent total
unit region density deviation productions density deviation fissions
1 1 7.457e-06 0.337 1.006e+00 3.055e-06 0.338 4.123e-01
2 0.000e+00 0.000 0.000e+00 0.000e+00 0.000 0.000e+00
3 0.000e+00 0.000 0.000e+00 0.000e+00 0.000 0.000e+00
4 0.000e+00 0.000 0.000e+00 0.000e+00 0.000 0.000e+00
2 1 0.000e+00 0.000 0.000e+00 0.000e+00 0.000 0.000e+00

global unit

3 1 0.000e+00 0.000 0.000e+00 0.000e+00 0.000 0.000e+00
2 0.000e+00 0.000 0.000e+00 0.000e+00 0.000 0.000e+00
3 0.000e+00 0.000 0.000e+00 0.000e+00 0.000 0.000e+00
4 0.000e+00 0.000 0.000e+00 0.000e+00 0.000 0.000e+00
5 0.000e+00 0.000 0.000e+00 0.000e+00 0.000 0.000e+00

Fig. 2.2.17: Example of the fission density edit.
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Flux Edit

Printing the fluxes is optional; they are printed only if FLX=YES is specified in the parameter data. The fluxes
are printed for each unit and each geometry region in the unit for every energy group. A sample of a flux edit
is given in Fig. 2.2.18.

Region-averaged fluxes

fluxes for Unit 1
region 1 region 2 region 3 region 4
(vol= 1.349e+05) (vol= 1.589e+03) (vol= 3.025e+04) (vol= 1.141e+06)
group flux percent flux percent flux percent flux percent
deviation deviation deviation deviation
1 0.000e+00 0.00 0.000e+00 0.00 0.000e+00 0.00 0.000e+00 0.00
2 0.000e+00 0.00 0.000e+00 0.00 0.000e+00 0.00 0.000e+00 0.00
3 0.000e+00 0.00 0.000e+00 0.00 0.000e+00 0.00 0.000e+00 0.00
4 0.000e+00 0.00 0.000e+00 0.00 0.000e+00 0.00 0.000e+00 0.00
5 3.487e-09 42.14 0.000e+00 0.00 1.408e-09 56.31 7.627e-10 58.70
6 4.778e-08 12.00 2.444e-08 34.82 3.109e-08 17.49 1.909e-08 15.67
7 1.752e-07 6.36 1.060e-07 20.19 9.802e-08 8.81 6.165e-08 8.98
8 6.012e-07 3.45 4.316e-07 8.55 4.054e-07 4.30 2.428e-07 4.39
9 1.896e-06 1.96 1.198e-06 5.46 1.180e-06 2.49 7.124e-07 2.54
10 1.061le-06 2.41 8.872e-07 10.09 6.585e-07 3.18 4.109e-07 3.37
11 4.944e-06 1.11 3.796e-06 3.63 3.037e-06 1.51 1.868e-06 1.58
12 3.701e-06 1.22 3.088e-06 5.39 2.332e-06 1.72 1.415e-06 1.80
13 1.098e-06 2.22 9.462e-07 10.47 6.830e-07 3.17 4.175e-07 3.37
14 4.812e-06 1.03 3.669e-06 3.88 3.090e-06 1.47 1.870e-06 1.56
15 3.955e-06 1.06 2.976e-06 5.22 2.440e-06 1.57 1.526e-06 1.73
16 1.345e-06 1.72 9.825e-07 10.18 8.321e-07 2.70 5.03%e-07 3.01
17 5.973e-07 2.53 3.400e-07 9.67 3.337e-07 4.07 2.034e-07 4.68
233 4.050e-07 0.99 9.136e-07 6.64 1.207e-06 1.33 1.623e-06 1.64
234 4.642e-07 0.92 1.032e-06 5.49 1.501e-06 1.21 1.990e-06 1.50
235 4.949e-07 0.88 1.516e-06 8.86 1.822e-06 1.14 2.362e-06 1.40
236 5.319e-07 0.84 1.720e-06 5.63 2.147e-06 1.07 2.836e-06 1.32
237 5.328e-07 0.82 1.677e-06 4.35 2.404e-06 1.05 3.195e-06 1.28
238 2.380e-07 1.06 9.535e-07 11.21 1.183e-06 1.25 1.588e-06 1.68
239 6.052e-07 0.77 2.017e-06 3.99 3.432e-06 1.01 4.573e-06 1.20
240 5.751e-08 1.66 2.083e-07 9.44 3.773e-07 1.82 5.196e-07 2.93
241 4.387e-08 1.94 2.283e-07 10.77 3.080e-07 2.03 3.800e-07 3.47
242 1.243e-08 3.09 6.073e-08 19.95 9.531e-08 3.13 1.230e-07 5.88
243 1.003e-08 3.33 4.426e-08 19.64 7.809e-08 3.32 1.192e-07 6.33
244 3.385e-09 4.89 1.081le-08 32.35 2.960e-08 4.79 4.465e-08 10.23
245 2.980e-09 5.32 2.261e-08 43.67 2.569e-08 5.27 3.575e-08 10.85
246 2.592e-09 5.97 9.218e-09 43.54 2.011e-08 5.99 3.561e-08 13.35
247 1.045e-09 8.14 7.708e-09 52.68 1.013e-08 8.12 1.441e-08 19.03
248 5.284e-10 10.70 4.193e-09 65.11 6.511e-09 9.83 1.374e-08 20.79
249 6.021e-10 10.18 5.586e-10 100.00 5.982e-09 9.44 8.711e-09 22.27
250 3.741e-10 12.38 9.800e-10 100.00 4.185e-09 10.27 3.842e-09 26.72
251 2.356e-10 13.15 0.000e+00 0.00 2.691e-09 12.32 5.131e-09 33.98
252 9.219%e-12 49.83 0.000e+00 0.00 1.113e-10 33.58 0.000e+00 0.00
TOTL 8.971e-05 0.21 7.499%e-05 1.04 7.256e-05 0.34 6.145e-05 0.41
fluxes for Unit 2
region 1
(vol= 0.000e+00)
group flux percent
deviation
1 0.000e+00 0.00
2 0.000e+00 0.00
3 0.000e+00 0.00
4 0.000e+00 0.00

Fig. 2.2.18: An example of a flux edit.
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Final results table

The final results table contains the best-estimate system k-effective with one standard deviation, the number
of warning and error messages generated during code execution, and a final statement on the convergence of
the y? test results as shown in Fig. 2.2.19.

T T Y

* kK * kK
*hk sample problem 18 1£27 critical experiment *hk
* kK * kK
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* %k %k *kk
dkk *kdkkkk final results table *kkkkk *kk
* %k %k *kk
*hk best estimate system k-eff 1.006505 + or - 0.004020 bk
* kK * kK
*hk number of warning messages 15 *hk
* kK * kK
*kk k-effective satisfies the chi**2 test for normality at the 95 % level *kk
* %k %k *kk
* %k %k *kk
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Fig. 2.2.19: An example of the final results table.

Final timing report table

The final timing report table summarizes the time elapsed for input processing, cell processing (for multigroup
mode), cross section processing (for multigroup mode), the entire transport process (Shift transport), and
post-processing performed by the CSAS-Shift sequence after obtaining all results from the Shift transport
calculation. A sample timing report obtained for a multigroup calculation is shown in Fig. 2.2.20.

Final timing report (time in minutes)

Number of MPI processes 1
Input processing 0.00635
Cell processing 0.00224
Cross section processing (XSProc) 0.30361
Transport (Shift MC transport) 0.43600
Post-processing/Output edits 0.00018
Sequence total time 0.74837

Fig. 2.2.20: An example of the final results table.
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2.3 EXAMPLE APPLICATIONS OF CSAS6

Several example uses of CSAS6 are shown in this section for a variety of applications.

2.3.1 RUN KENO-VI USING CSAS6

CSASG6 creates a microscopic working format library and a mixing table that is passed to KENO-VI. The
library is created using XSProc to process the cross section data in the resolved resonance regions of the
isotopes contained in the library. CSAS6 then executes KENO-VI, which calculates kg for the problem. The
following examples are for using the multigroup mode of calculation for KENO-VI. Using the continuous
energy mode can be accomplished by simply changing the library name to one of the continuous energy
libraries.

EXAMPLE 1. CSAS6 — Determine the kg of a system.

Consider a problem consisting of eight uranium metal cylinders that are 93.2% wt enriched, having a density
of 18.76 g/cm>. The cylinders are arranged in a 2 X 2 x 2 array. Each has a radius of 5.748 cm and a
height of 10.765 cm. The center-to-center spacing in the horizontal (X-Y) plane is 13.74 cm and the vertical
center-to-center spacing is 13.01 cm. Because the cross section processing will be done assuming an infinite
homogeneous medium and no cell mixtures are used, there is no unit cell data. The input data for this problem
follow.

=csasb

set up 2c8 in csas6

v7.1-252

read comp

uranium 1 den=18.76 1 293 92235 93.2 92238 5.6 92234 1.0 92236 0.2 end
end comp

read parameters flx=yes fdn=yes far=yes end parameters
read geometry

unit 1

cylinder 10 5.748 5.3825 -5.3825

cuboid 20 6.87 -6.87 6.87 -6.87 6.505 -6.505
media 1 1 10

media ©® 1 20 -10

boundary 20

global unit 2

cuboid 10 4pl13.74 2pl13.010

array 1 10 place 1 11 -6.87 -6.87 -6.505
boundary 10

end geometry

read array

gbl=1 ara=1 nux=2 nuy=2 nuz=2 fill £1 end fill
end array

end data

end

EXAMPLE 2. CSAS6 — Determine the kg of an array of fuel pellets in a UO,F; solution.

Consider a 60 cm inside diameter cylindrical tank filled with 5.0%-enriched UO, fuel rods and 5.0%-enriched
UO,F; solution at 295 gm/liter. A 51 X 51 x 1 array of fuel rods is centered on the bottom of the tank. The
fuel rods are 366 cm long, 0.45 cm in radius, clad with 0.01-cm-thick Al, and at a pitch of 1.5 cm. The fuel
rods sit on the bottom of the container and the container and solution rise 5.0 cm above the top of the rods.
The container is 10 cm thick in the side and bottom and open at the top. Determine the kg of the system.
Input data for this problem follow.

=csasb
uo2 pins in a uo2f2 solution

(continues on next page)
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v7.1-252

read comp

uo2 1 0.95 300 92235 5.0 92238 95.0 end

al 2 1.0 300 end

solnuo2f2 3 295 0.0 1.0 300 92235 5.0 92238 95.0 end
al 4 1.0 300 end

solnuo2f2 5 295 0.0 1.0 300 92235 5.0 92238 95.0 end
end comp

read celldata

latticecell squarepitch pitch=1.50 3 fueld=0.9 1 cladd=0.94 2 end
end celldata

read geom

unit 1

com="fuel pin'

cylinder 10 0.45 2p183.0

cylinder 20 0.47 2p183.1

cuboid 30 4p0.75 2p183.1

media 1 1 10

media 2 1 20 -10

media 3 1 30 -20 -10

boundary 30

global unit 2

com="fuel pins and solution in tank'
cuboid 10 4p38.25 2pl183.1
cylinder 20 60.0 188.1 -183.1
cylinder 30 70.0 188.1 -193.1
array 1 10 place 26 26 1 3*0.0
media 5 1 20 -10

media 4 1 30 -20

boundary 30

end geom

read array

ara=1 nux=51 nuy=51 nuz=1 fill f1 end fill
end array

end data

end

2.3.2 RUN KENO-VI CONTAINING CELL-WEIGHTED MIXTURES

CSASG6 creates a microscopic working format library and a mixing table that is passed to KENO-VI. The
microscopic cross sections of the nuclides used in the unit cell geometry description are cell-weighted by
specifying CELLMIX= followed by a unique mixture number. This mixture number utilizes the cell-weighted
cross sections that represent the heterogeneous system. CSAS6 executes KENO-VI and calculates k.g for the
problem.

EXAMPLE 1. CSAS6 — Calculate the k.g of an array of fuel assemblies using cell-weighted cross sections.

Consider the 4 x 4 X 1 array of fuel assemblies in a square aluminum cask described in Sect. 2.3.1, Example 2.
Calculate the kg of the system by using the cell-weighted mixture 200 to represent the fuel pins in the fuel
assembly. Note that mixtures 1, 2, and 3, representing UO,, zirconium, and water, respectively, are used
in the unit cell description. Cell-weighting is applied to the microscopic cross sections that are used in the
cell, making them incorrect for use elsewhere. Because water is used both inside the cell and between the
fuel assemblies, an additional mixture, mixture 6, has been added to represent the water between the fuel
assemblies. The input data for this problem follow.

=csasb6

square fuel cask example using homogeneous mockup
v7.1-252

read comp

uo2 1 den=9.21 1.0 293. 92235 2.35 92238 97.65 end

(continues on next page)
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zr 2 1 end

h2o 3 1 end

b4c 4 0.367 end
al 4 0.636 end
al 51 end

h2o0 6 1 end

end comp

read celldata

latticecell squarepitch pitch=1.3 3 fueld=0.8 1 cladd=0.94 2 cellmix=200 end
end celldata

read param far=yes gen=253 end param
read geom

unit 2

com="fuel assembly'

cuboid 10 4pl1.05 2p183.07

cuboid 20 4pl1.70 2pl183.72

cuboid 30 4pl12.20 2p184.22

media 200 1 10

media 4 1 20 -10

media 6 1 30 -20 -10

boundary 30

global wunit 3

com="fuel cask containing 4x4 array of assemblies
cuboid 10 4p48.8 2p184.22

cuboid 20 4p58.8 2pl94.22

array 1 10 place 1 11 -36.6 -36.6 0.0
media 5 1 20 -10

boundary 20

end geom

read array

ara=1 nux=4 nuy=4 nuz=1 fill f2 end fill
end array

end data

end

EXAMPLE 2. CSAS6 — Determine the ke of an array of fuel pellets in a UO,F; solution using cell-weighted
Cross sections.

This is the same problem as described in Sect. 2.3.1 Example 2. However, the rods and solutions have been
replaced with a cell-weighted mixture 50. Determine the k. of the container. Input data for this problem
follow.

=csasb

uo2 pins in a uo2f2 solution, cell-weighted mixture
v7.1-252

read comp

uo2 1 0.95 300 92235 5.0 92238 95.0 end

al 2 1.0 300 end

solnuo2f2 3 295 0.0 1.0 300 92235 5.0 92238 95.0 end
al 4 1.0 300 end

solnuo2f2 5 295 0.0 1.0 300 92235 5.0 92238 95.0 end
end comp

read celldata

latticecell squarepitch pitch=1.50 3 fueld=0.9 1 cladd=0.94 2 cellmix=50 end
end celldata

read geom

global unit 2

com="fuel pins and solution in tank’
cuboid 10 4p38.25 2pl83.1
cylinder 20 66.0 188.1 -183.1
cylinder 30 70.0 188.1 -193.1
media 50 1 10

media 5 1 20 -10

(continues on next page)
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media 4 1 30 -20
boundary 30

end geom

end data

end

2.3.3 RUN KENO-VI CONTAINING MULTIPLE UNIT CELLS

CSASG6 can create a microscopic working format library and a mixing table that contains more than one
unit cell. Each unit cell is explicitly defined in the CELLDATA section of the standard composition data.
Materials may appear in only one unit cell. All materials in the standard composition that are not contained
in a unit cell are processed assuming infinite homogeneous media. CSAS6 passes the created working library
to KENO-VI which calculates kg for the problem.

EXAMPLE 1. CSAS6 — Calculate the kg of a system using two unit cell descriptions.

Consider an infinite X'Y-array composed of two types of fuel assemblies in a checkerboard pattern moderated
by water. Each assembly consists of a 17 X 17 X 1 array of zirconium-clad, enriched UO, fuel pins in
a square pitched array. In one array the uranium is 3.5%-enriched and in the other array the uranium is
2.9%-enriched. The UO; has a density of 9.21 g/cm?. The pin diameter is 0.8 cm and is 366 cm long. The
clad is 0.07 cm thick, and the pitch is 1.3 cm. Each fuel bundle is contained in a 0.65-cm-thick Boral sheath.
The bundles are separated by an edge-to-edge spacing of 1.0 cm. The water and zirconium is input in the
standard composition data once for every unit cell in which it appears because a material may appear in only
one unit cell. Determine the kg of the infinite array. Note that periodic boundary conditions are required to
obtain an infinite checkerboard array. Input data for this problem follow.

=csas6

2 square fuel assemblies example in an infinite lattice of assemblies
v7.1-252

read comp

uo2 1 den=9.21 1.0 293. 92235 3.5 92238 96.5 end

zr 2 1 end

h2o0 3 1 end

uo2 4 den=9.21 1.0 293. 92235 2.9 92238 97.1 end

zr 5 1 end

h2o0 6 1 end

b4c 7 0.367 end

al 7 0.636 end

end comp

read celldata

latticecell squarepitch pitch=1.
latticecell squarepitch pitch=1.
end celldata

read param far=yes gen=253 end param
read geom

unit 1

com='3.5 w% fuel pin'

cylinder 10 0.4 2pl183.0

cylinder 20 0.47 2p183.07

cuboid 30 4p0.65 2p183.07

media 1 1 10

media 2 1 20 -10

media 3 1 30 -20 -10

boundary 30

unit 2

com='3.5 w¥% fuel assembly'

cuboid 10 4pl11.05 2p183.07

cuboid 20 4pl1.7 2p183.72

cuboid 30 4pl12.2 2p184.22

3 fueld=0.8 1 cladd=0.94 2 end

3
3 6 fueld=0.8 4 cladd=0.94 5 end

(continues on next page)
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array 1 10 place 9 9 1 3%0.0

media 7 1 20 -10

media 3 1 20 -20 -20

boundary 30

unit 3

com='2.9 w% fuel pin'

cylinder 10 0.4 2pl183.0

cylinder 20 0.47 2p183.07

cuboid 30 4p0.65 2p183.07

media 4 1 10

media 5 1 20 -10

media 6 1 30 -20 -10

boundary 30

unit 4

com=2.9 w% fuel assembly'

cuboid 10 4pl1.05 2pl183.07

cuboid 20 4pll1.7 2pl183.72

cuboid 30 4pl2.2 2pl184.22

array 2 10 place 9 9 1 3%0.0

media 7 1 20 -10

media 6 1 20 -20 -20

boundary 30

global wunit 5

com='fuel cask containing 4x4 array of assemblies
cuboid 10 4p24.4 2pl184.22

array 3 10 place 111 -12.2 -12.2 0.0
boundary 10

end geom

read array

ara=1 nux=17 nuy=17 nuz=1 fill f1 end fill
ara=2 nux=17 nuy=17 nuz=1 fill £3 end fill
gbl=3 ara=3 nux=2 nuy=2 nuz=1 fill 2 4 4 2 end fill
end array

read bounds xyf=periodic end bounds

end data

end

EXAMPLE 2. CSAS6 — Calculate the kg of a system using two unit cell descriptions and cell-weighted
mixtures.

Consider a problem in which a stainless steel cylinder with an inner diameter of 56 cm and an inside height of
91 cm is filled with pellets of UO, in borated water. The steel is 0.125 cm thick. The spherical 2.57%-enriched
UQO; pellets have a diameter of 1.07 cm and are arranged in a triangular pitch array with a pitch of 1.13 cm.
The spherical 2.96%-enriched UO; pellets have a diameter of 1.07 cm and are arranged in a triangular pitch
array with a pitch of 1.12 cm. The cylindrical tank is filled half full of the 2.96% pellets in borated water, and
the remainder is filled with the 2.57%-enriched pellets in borated water.

Mixture 100 is the cell-weighted mixture containing the 2.57%-enriched uranium pellets and mixture 200 is
the cell-weighted mixture containing the 2.96%-enriched uranium pellets. Determine the ke of this system.
Input data for this problem follow.

=csas6

2.57% and 2.96% enr uo2 pellets in 3500 ppm borated water
v7.1-252

read comp

uo2 1 0.925 283 92235 2.57 92238 97.43 end

h2o 2 1.0 283 end

atombacid 2 2.0017-2 3 5000 1 1001 3 8016 3 1.0 283 end
uo2 3 0.925 283 92235 2.96 92238 97.04 end

h2o 4 1.0 283 end

atombacid 4 2.0017-2 3 5000 1 1001 3 8016 3 1.0 283 end

(continues on next page)
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ss304 5 1.0 283 end

end comp

read celldata

latticecell sphtriangp pitch=1.13 2 fueld=1.07 1 cellmix=100 end
latticecell sphtriangp pitch=1.13 4 fueld=1.07 3 cellmix=200 end
end celldata

read param flx=yes end param

read geom

global unit 1
cylinder 10 38.0 45.
cylinder 20 38.0 91.
cylinder 30 38.125 9
media 100 1 10

media 200 1 20 -10
media 5 1 30 -20
boundary 30

end geom

end data

end

2.4 DEVC: DENOVO EIGENVALUE CALCULATION
Douglas E. Peplow and Cihangir Celik

2.4.1 INTRODUCTION

The DEVC (Denovo EigenValue Calculation) sequence is an interface to the Denovo discrete-ordinates
package [DEVCESSCI10] for calculating criticality eigenvalue problems. This sequence reads an input file
very similar to a CSASG6 input file [DEVCGPJID+11] that contains an extra block of input for describing
the Denovo mesh grid and calculational parameters. Many of the subroutines are shared from the MAVRIC
routines that interface with Denovo for fixed-source calculations.

This manual assumes that the user is familiar with the discrete-ordinates method for radiation transport and
the Denovo package. DEVC provides an easy way for users to modify existing CSAS6 inputs and use them
to run Denovo. The DEVC sequence also provides a way to create mesh geometry for Denovo from the
combinatorial solid geometry description used by KENO-VI.

The steps in the DEVC sequence are listed in Table 2.4.1.

Table 2.4.1: Steps in DEVC for an input file named input.inp

Step Module/Task Creates file To stop after

0 Check user input

1 Self-shielding (celldata/cellm ix) calculations

2 Produces optional *.png plots
Produces optional *.3mdap files (to visualize grid parm=check
in MeshFileViewer)

3 Creates AMPX cross sections for the “real” materi- | £t02£001 parm=cross
als

4 Creates Denovo binary stream input file and the xkba_b.inp parm=input
macromaterial table file input.mmt

5 Runs Denovo to compute k.g and either the fluxes | input.dff or
or the fission source input.dso
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The DEVC sequence uses KENO-VI geometry. Users can specify what output Denovo will generate: fluxes
by space and energy in a binary *.dff (Denovo flux file) file or the space-only fission source distribution in a
binary *.dso (Denovo spatial output) file. The eigenvalue is printed in the main output text file.

Some of the more common KENO starting source types are supported. Other starting source types may be
added or extended to all of the different array types in the future. Currently, starting sources are not sent to
Denovo because the Arnoldi solver does not use it. This may change in the future.

2.4.2 SEQUENCE INPUT

The input file for a DEVC calculation looks similar to a CSASG6 input file, as shown in Table 2.4.2. The major
difference is that the parameter block contains information for the Denovo calculation, not the KENO Monte
Carlo calculation. A macromaterial block is used to describe how the KENO-VI materials are mapped onto
the Denovo mesh grid. Only multi-group cross-section libraries can be used with Denovo.
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Table 2.4.2: Input file for a DEVC calculation (and differences with a CSASG6 input file, where black text is
the same as CSAS6 and green text is new for DEVC sequence)

=devc parm=. Parm: check, cross, input

Title for the problem . _ : :

library Multi-group cross-section library name

read xxx Standard CSAS6 blocks used by DEVC: composition,
SBsk e celldata, geometry, array, plot and gridGeometry.

read bounds Bounds are used if the boundary of the global unit is a cuboid.
end bounds

read start Most KENO start types are supported for some array types.
SHG SEaTh Currently, Denovo does not make use of a starting source.
read xxx Not used by DEVC: volume, xlds, energy, biasing,
end xXxx

importance, reactions, and search

read parameters Denovo discrete-ordinates parameters
i dG try 7 fe . . .
gricheometry Mesh grid — list of planes in each dimension

end gridGeometry

quadType=2
polarspercct=4

‘ List of quadrature order, Legendre order, upscatter, and
azimuthsperoct=4

Ktolerance—l.0e-5 other eigenvalue calculation parameters
xmin=0 Boundary conditions — these override conditions listed in
the bounds block

fissionSource

&hd BaFAneteEs Save fission source instead of fluxes

read macromaterial How to create materials for each voxel in the mesh grid
mmSubCell=3

mmTolerance=0.001
end macromaterial

read xXxx
end Xxx

end data
end

2.4.2.1 Parameters block

This block contains the parameters for the Denovo eigenvalue calculation, the grid geometry, and the
macromaterials. Boundary conditions listed in the parameters block will override those listed in the bounds
block (using CSAS6 syntax). Table 2.4.3 lists the Denovo calculation parameters and their default values,
and Table 2.4.4 lists the keywords for the setting the boundary conditions and file saving options. The grid
geometry is defined in a sub-block in the parameters block, or the keyword "gridGeometryID=\ *n*\ "
can be used to point to a grid geometry defined in its own input block.
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Table 2.4.3: Denovo parameters in the parameters block

keyword type default restrictions/comments
read parameters
discretization= integer 4  0-diamond difference, 1-DD with flux fix-up:lin0,

2-theta-weighted DD, 3-linear discontinuous finite element,
4-step characteristics, 5-trilinear discontinuous finite element

quadType= integer 2 0OJevel symmetric, 1-Gauss-Legendre product, 2-QR

legendre= integer 3* P., L=highest Legendre polynomial, L=0,1,2,3,...
*default is to use min(the highest available in the data,3)

tportcorrection= integer 1 transport correction: 0-none, 1-diagonal, 2-Cesaro

*P, or higher is required for Cesaro

upScatter= integer 1 upscatter iterations: 0-none, 1-yes, 2-ignore

xblocks= integer 1 parallel calcs - how many divisions in x

yblocks= integer 1 parallel calcs - how many divisions in y

Zblocks= integer 1 parallel calcs - how many commication layers in z

numSets= integer 1 parallel calcs - how many energy sets

partUpscatter= integer 1 partition upscatter (0-no, 1-yes)

quadrature= integer 8 level symmetric Sy quadrature, N=2, 4, 6, 8, 10, 12, 14, 16

polarsPerOct= integer 3 Gauss-Legendre product quadrature or QR

azimuthsPerOct= integer 3 Gauss-Legendre product quadrature or QR

maxlters= integer 1000 maximum number of iterations

diagnostics= integer 0 0-no diganostics, 1-all diagnostics

output= integer 0 0-no ouput, 1-all output

krylovSpaceSize= integer 25 size in memory for Krylov space

tolerance= double 1.E-04 tolerance used in convergence test

krylovType= integer 0 O0-GMRES, 1-BiCGStab

eigenSolver= integer 1  O-power iteration, 1-Arnoldi, 2-shifted inverse

multiGSolover= integer 1 0-Gauss-Seidel, 1-Krylov

withinGSolver= integer 0 0-Krylov, 1-residual Krylov, 2-source iteration

mgSettings= integer 0 O-user supplied, 1-automatic by Denowo

upGroupSolver= integer 0 0-same as within-group solver, 1-Krylov, 2-residual Krylov,
3-source iteration, 4-single source iteration

acceleration= integer 0 0-none, 1-two grid

maxltersMG= integer 1000 maximum number of iterations

toleranceMG= double 1.E-04 tolerance used in convergence test

keff= double 1 starting guess of k

kTolerance= double 1.E-05 tolerance onk

diagnosticLevel=  integer 0 O0-off, 1-on

eigenSettings= integer 0 O-user supplied, 1-automatic by Denovo

I2Tolerance= double 0.01 tolerance on the L-2 norm

linfTolerance= double 0.001 tolerance on L-inf

powerlterAcc= integer 0 O0-none, 1-rebalance, 2-RQlI

armoldiKSpace= integer 25

amoldiRestarts=  integer 100

calcMoments= integer 1 0-off, 1-on

end parameters
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Table 2.4.4: Boundary conditions and what type of file to save

keyword type default restrictions/comments
read parameters
Xmin= integer 0 boundary conditions on the six faces:
Xmax= integer 0 0 - vacuum
ymin= integer 0 1 - reflective
ymax= integer 0 2- periodic
zmin= integer 0 3 - white
zmax= integer 0 (these will override the "read bounds" block if specified here.)
fluxes save space/energy fluxes (default)
fissionSource save the space-only fission source

end parameters

2.4.2.2 Grid geometry block

Grid geometries (“gridGeometry id”) require an identification number and then a description of a three-
dimensional rectangular mesh by specifying the bounding planes of the cells in each of the x, y, and
z dimensions. The keyword "xPlanes ... end" can be used to list plane values (in any order). The
keyword “xLinear n a b” can be used to specify n cells between a and b. The keywords “xPlanes” and
"xLinear" can be used together and multiple times — they will simply add planes to any already defined for
that dimension. Any duplicate planes will be removed. Similar keywords are used for the y and z dimensions.

When using multiple instances of the keywords * "Linear™™ and **"Planes™" for a given dimension, duplicates
should be removed from the final list. In some cases, double precision math will leave two planes that are
nearly identical but not removed (e.g., 6.0 and 5.9999999). To prevent this, a default tolerance is set to
remove planes that are within 10 cm of each other. The user is free to change this by using the keyword
"tolerance=" and specifying something else. Note that the tolerance can be reset to a different value in
between each use of **"Linear™™ or **"Planes™".

The keyword “make3dmap” for a particular grid geometry definition will create a file called “output-
Name.gridid.3dmap”, which can be visualized using the Java Mesh File Viewer. These files will contain
crude geometry information (unit, region, material) that corresponds to the center of each voxel.

Keywords for the grid geometry block are listed in Table 2.4.5.
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Table 2.4.5: Grid geometry input keywords

keyword type restrictions/comments
read parameters

gridGeometry id covers a cuboid where all points are in defined regions
title= character contained in double quotes (title="yada yada yada")
Xplanes ... end real array a list of X plane values (order not important)
X Linear n min max intrealreal adds n+1 x planes (n cells) evenly from min to max
yplanes ... end real array a list of y plane values (order not important)
YLinear n min max intrealreal adds n+1y planes (n cells) evenly from min to max
Zplanes ... end real array a list of z plane values (order not important)
zLinear n min max intrealreal adds n+1 z planes (n cells) evenly from min to max
tolerance= real for removing duplicate planes from *planes or *Linear
make3dmap makes a *.3dmap file showing the grid geometry
xdivide= integer once all xplanes are entered, further divide them by this
ydivide= integer once all yplanes are entered, further divide them by this
zdivide= integer once all zplanes are entered, further divide them by this

end gridGeometry

gridGeometry|D= integer Either define a grid geoemtry in a sub block or refer to
a grid geometry defined in its own block
end parameters

2.4.2.3 Macromaterial block

In order to get more accurate solutions from a coarse-mesh discrete-ordinates calculation, Denovo can
represent the material in each voxel of the mesh as a volume-weighted mixture of the real materials in the
problem. When constructing the Denovo input, DEVC can estimate the volume fraction taken by each
real material in each voxel by a sampling method. The user can specify parameters for how to sample the
geometry. Note that finer sampling makes more accurate estimates of the material fraction but requires more
setup time to create the Denovo input. Users should understand how the macromaterials are sampled and
consider that when constructing a mesh grid. This is especially important for geometries that contain arrays.
Careful consideration should be given when overlaying a mesh on a geometry that contains arrays of arrays.

Because the list of macromaterials could become large, the user can also specify a tolerance for how close
two different macromaterials can be to be considered the same, thereby reducing the total number of macro-
materials. The macromaterial tolerance, "mmTolerance=", is used for creating a different macromaterial
from the ones already created by looking at the infinity norm between two macromaterials.

The number of macromaterials does not appreciably impact Denovo run time or memory requirements.

Keywords for the macromaterial block are listed Table 2.4.6. Two different sampling methods are available —
ray tracing [DEVCIPE+09] with the keyword mmRayTest and point testing [DEVCJoh13] with the keyword
mmPointTest.
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Table 2.4.6: Macromaterial block input

keyword type length default restrictions/comments

read macromaterial
mmSubCell= integer 1 rays per dimension to throw at each voxel
mmTolerance= real 0.01 smallest wolume fraction for macromaterial
mmSubCells integer 6 rays per dimension to throw (x:ny,nz; y:nx,nz; z: nx,ny)
mmPointTest use recursive bisection point testing method
mmRayTest use ray tracing method
mmRTSpeed optimize ray-tracing method for speed
mmRTMemory optimize ray-tracing method for memory conservation

end macromaterial

Ray tracing

This method estimates the volume of different materials in the Denovo mesh grid elements by throwing rays
through the KENO-VI geometry and computing the average track lengths through the each material. Rays
are traced in all three dimensions to better estimate the volume fractions of materials within each voxel.
The mmSubCell parameter controls how many rays to trace in each voxel in each dimension. For example,
if mmSubCell= n, then when tracing rays in the z dimension, each column of voxels uses a set of n X n
rays starting uniformly spaced in the x and y dimensions. With rays being cast from all three orthogonal
directions, then a total of 3n? rays are used to sample each voxel. One can think of subcells as an equally
spaced sub-mesh with a single ray positioned at each center. The number of subcells in each direction, and
hence the number of rays, can be explicitly given with mmSubCells ny nz nx nz nx ny end keyword
for rays parallel to the x axis, y axis, and z axis. Fig. 2.4.1 shows different subcell configurations (in two
dimensions) for a given voxel.
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Fig. 2.4.1: Ray positions within a voxel with different mmSubCells parameters.

Ray tracing is a more robust method compared to the simple point testing method used in previous versions
of SCALE/MAVRIC; however, it requires more memory than point testing. Ray tracing gives more accurate
estimates of volume fractions because track lengths across a voxel give more information than a series of test
points. Ray tracing is also much faster than point testing because the particle tracking routines are optimized
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for quickly determining lists of materials and distance along a given ray.

Ray tracing operates on the grid geometry supplied by the user and shoots rays in all three directions starting
from the lower bounds of the mesh grid. An example of arbitrary assembly geometry is shown in Fig. 2.4.2.
A ray consists of a number of steps that corresponds to crossing a different material along the path of the ray.
Ratios of each step’s length to the voxel length in the ray’s direction determine the material volume fraction
of that step in that voxel, and summation of the same material volume fractions gives the material volume
fraction of that material in that voxel. Ray tracing through a single voxel that contains a fuel pin is illustrated
in Fig. 2.4.3.

y-rays Mesh Grid

Macro Materials

X-Tays

00000000000
00000000000
o000 e00000e |
100000000000 |
00000000000

00000000000

Fig. 2.4.2: Geometry model (left) and the Denovo representation (right) of an assembly using macromaterials
determined by ray tracing.

The final constructed macromaterials for this model are also shown in Fig. 2.4.2. Voxels that contain only a
single material are assigned that original material number in the constructed macromaterials. For the voxels
that contain a fuel pin with three different materials, the result is a new macromaterial consisting of the
volume weighted fractions of each original material.

After the rays are shot in all three directions, the material volume fractions are updated and macromaterials
are created by using these material volume fractions. Material volume fraction calculations for a single voxel,
as shown in Fig. 2.4.3, are given by

Fin = Zii T m==m and V= i (2.4.1)
" 0, otherwise " Zfl\’:] F,’ o

d=x,y,z r=1 s=1
where Fy, = sampled fraction of material m in the voxel,
d = direction of the rays (x, y, 2),
r = ray number,

N; = total number of rays in the voxel for direction of d,
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s = step number,

N, = total number of steps for ray r in the voxel for direction of d,
Lg s = length of the steps s for ray r in the voxel for direction of d,
Ly, = length of the voxel along direction of d,

mg = material of step s,

m = material number,

N, = total number of materials in the voxel, and

Vm = volume fraction of material m in the voxel.

Fig. 2.4.3: Ray tracing (in two dimensions) through a voxel.

Point testing

The recursive bisection method uses a series of point tests to determine the macromaterial fractions. For a
given voxel, the material at the center is compared to the material at the eight corners. If they are all the same,
the entire volume is considered to be made of that material. If different, the volume is divided into two in
each dimension. Each subvolume is tested, and the method is then applied to the subvolumes that are not of a
single material. When the ratio of the volume of the tested region to the original voxel becomes less than a
user-specified tolerance (in the range of 107! to 10™#), then further subdivision and testing are stopped. This is
illustrated in Fig. 2.4.4.
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Fig. 2.4.4: Progression of the recursive bisection method (from upper left to lower right).

In point testing, the keyword “mmTolerance=f" is interpreted to be where f is the smallest fraction of the
voxel volume to consider. This same tolerance f is also used to limit the number of macromaterials. Before
a new macromaterial is created, if one already exists where the fraction of each actual material matches to
within the given tolerance, then the existing material will be used. If using only a single point at the center of
each voxel, use "mmTolerance=1". The mmSubCell keyword is not used in point testing.

Example

Fig. 2.4.5 shows an example of a cask geometry with two types of spent fuel (yellows), steel (blue), resin
(green), and other metals (gray). When the Denovo geometry is set up by testing only the center of each
mesh cell, the curved surfaces are not well represented (upper right). By applying the ray-tracing method and
defining a new material made of partial fractions of the original materials, an improved Denovo model can be
made. In the lower left of the figure, the Denovo model was constructed using one ray (in each dimension)
per voxel and a tolerance of 0.1. This gives 20 new materials that are a mixture of the original 13 actual
materials and void. With mmSubCells=3 and an mmTolerance=0.01, 139 macromaterials are created.

A macromaterial table listing the fractions of each macromaterial is saved to a file called “outputName.mmt”,
where outputName is the name the user chose for his or her output file. This file can be used by the Mesh File
Viewer to display the macromaterials as mixtures of the actual materials, as seen in lower row of Fig. 2.4.5.
See the Mesh File Viewer help pages for more information on how to use colormap files and macromaterial
tables.
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Fig. 2.4.5: Cask geometry model (upper left) and the Denovo representation using (upper right) cell cen-
ter testing. Representations using macromaterials determined by ray tracing are shown for (lower left)
mmSubCell=1/mmTolerance=0.1 and (lower right) mmSubCell=3/mmTolerance=0.01.

2.4.2.4 Starting sources block

The default KENO-VI starting source is “flat over the volume specified by the unrotated, untranslated
geometry record specified in the first position of the global unit boundary record in fissile material only”. For
DEVC, the default starting source strength is uniform in the fissile voxels contained within the bounding
box of the global unit (uniform density). If macromaterials are used, the amounts in each voxel are volume
averaged between fissile and non-fissile materials. Table 2.4.7 and Table 2.4.8 describe the starting sources
available in the DEVC interface to Denovo.
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Table 2.4.7: Starting source types (within the fissile areas of the

listed shape)

KENO-VT start type

DEVC

nst=0 the first surface of boundary (default) The bounding box of global unit
nst=0 Within boundary of global array having a reflector key set Not supported
to false
nst=0 A cuboid defined by XSM, XSP, YSM, YSP, ZSM, and ZSP | Supported
A cuboid defined by XSM, XSP, YSM, YSP, ZSM, and ZSP
nst=1 . . R Supported
with cosine distributions
Arbitrary fraction (FCT) in element NXS, NYS, NZS of the Supporied for some array tvpes
nst=2 global array with the remainder in a cuboid defined by XSM, (seEPTable 24.8) y typ
XSP, YSM, YSP, ZSM, and ZSP with cosine distributions o
nst=3 At the location TFX, TFY, TFZ in the element NXS, NYS, | Supported for some array types
B NZS of the global array (see Table 2.4.8)
At the location TFX, TFY, TFZ in units NBX of the global
nst=4 Supported
array
nst=5 Across units NBX in the global array Not supported
nst=6 List of points TFX, TFY, TFZ in global coordinates Limited to 1 point
List of points TFX, TFY, TFZ in element NXS, NYS, Nzs | Fimited to 1 point and only
nst=6 for some array types (see Table
of the global array
2.4.8)
ste7 Flat distributions in X and Y with [1-cos?(z)] in Z for a Suoported
- cuboid defined by XSM, XSP, YSM, YSP, ZSM, and ZSP | >"PP
Flat distributions in X and Y with a segmented distribution
nst=8 in Z for a cuboid defined by XSM, XSP, YSM, YSP, ZSM, | Not supported
and ZSP
nst=9 Use a mesh source lite file Not supported

Table 2.4.8: Supported array types for starting sources

no arrays supported
cuboid supported
hexagonal supported
shexagonal no
rhexagonal no

dodecahedral no

The starting source initialized in Denovo is always a volumetric source—DEVC does not create point sources
(which would activate the first collision option in Denovo).
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2.4.3 SEQUENCE OUTPUT

The main text output file consists of the output from the cross-section processing codes and Denovo. The user
should examine the output and pay attention to any warnings or errors. Table 2.4.9 lists the files generated
during the DEVC sequence.

Table 2.4.9: Files created by DEVC for an input file named input.inp

Filename Viewer Description
Output Summary
input.out main text output file, contains kg
input.msg messages file
Denovo
input file for Denovo - if this file is renamed
to have
xkba_b.inp A a *.dsi extension (Denovo simple input), it is
viewable
in the Mesh File Viewer
ft02f001 AMPX formatted cross sections for Denovo
. macromaterial table, use with *.dso or *.dsi
input.mmt \'%
file
input.dft \" Denovo fission fluxes
input.dso \" Denovo fission source distribution

4V - can be dis-
played with the
Mesh File Viewer.

2.4.3.1 Using the mesh file viewer

The Mesh File Viewer is a Java utility shipped with SCALE that is used for viewing mesh tallies from
Monaco, as well as importance maps and mesh-based sources in MAVRIC. The Mesh File Viewer can be
used with DEVC to view the Denovo input file (*.dsi, showing the starting source), the Denovo output fission

source distribution (*.dso) file, or the Denovo output flux (*.dff) file.

With any Denovo file, material information for each voxel can be displayed. Users can use the graphical
user interface to select colors for each material in the DEVC input and save them to a colormap text file
(*.cmp) for later use. For example, Fig. 2.4.6 shows a cask model that has 13 materials with the default colors
assigned by the viewer. A better color map (uranium is yellow, steel is blue, etc.) and an image using that

color map are also shown in Fig. 2.4.6.
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Fig. 2.4.6: Viewing material information with the Mesh File Viewer.

If the Denovo input was made using the mixed macromaterials, that can also be shown with the Mesh File
Viewer. When one of the mesh files is loaded and the geometry is displayed (e.g., the materials for a cask
model shown in Fig. 2.4.7), there will be many values since each macromaterial is treated by the Java viewer
as a separate material. Redefining the color map using the GUI is not realistic.

A colormap needs to be defined for the original materials of the problem. For this example, there are 13
original materials, but when using macromaterials, 73 macromaterials are used in the discrete-ordinates
model (as listed in the *.mmt file). The colormap file should only contain values for the 13 original materials.
When loading the colormap, a corresponding *.mmt file can also be loaded. This will display mixed colors
for the macromaterials, as shown in Fig. 2.4.7.

The final result is an image where the colors for the different values of the geometry attribute (which in the
above example is material) are mixed in the ratio of the macromaterial definition.
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Default material coloring With colormap and *.mmt file both used

Fig. 2.4.7: Viewing material information from a Denovo input file.
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2.4.3.2 Viewing the starting source

The Java MeshFileViewer (scale/cmds/meshview) can be used to visualize the Denovo binary stream input
file to show materials and starting source strengths. An example is shown in Fig. 2.4.8.

Material Numbering

The cross sections produced by the SCALE cross-section mixing module ICE typically have a number of
materials equal to the maximum material ID specified by the user in the “read composition” block. For a
user input that contains materials 1, 3, and 5, the GIP-formatted cross-section file will contain five entries.
For each lattice cell calculation that uses a cellmix= parameter, one more entry is contained in the GIP file.
Hence, the GIP file does not contain the user’s value from the “cellmix="" parameter but instead numbers
the cellmix materials sequentially starting from 1+maximum(material ID). The Denovo geometry input and
macroMixTable file produced by DEVC are modified to match the GIP cross-section file. When viewing the
Denovo binary input file with the Mesh File Viewer, the GIP numbering for materials will be seen.

Fig. 2.4.8: Fine-mesh version of sample problem 8, showing the materials using macromaterial blending
of UO,, MOX, clad, and water (left) and the starting source strength limited to cells with fissionable
material (right).
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2.4.4 SAMPLE PROBLEMS

Sample problems have been made that correspond to the eight CSAS6 sample problems. In each problem, the
KENO parameters block was commented out, a parameters block containing Denovo calculation parameters
was added, and a grid geometry block was added. These sample problems use a coarse discretization and loose
tolerances to obtain a short runtime. Users will typically use much finer discretization (mesh, quadrature)
and higher fidelity parameter settings for real eigenvalue calculations. The voxelized geometry and starting
source distribution are shown below in Fig. 2.4.9.

Results for the sample problems are displayed in Table 2.4.10. The sample problems used QR 1/1, a Py
scattering expansion, a k tolerance of 0.001 and coarse meshes for speed. The higher fidelity runs used finer
spatial meshes, default parameters of QR 2/2, Py scattering expansion, and the default & tolerance (10:sup:-5).
Results for the longer-time CSAS6 and higher fidelity Denovo calculations are shown in Fig. 2.4.10.
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1. Y-30 solution 5. quarter sphere

2. 89-cross 6. eighth sphere

3. sphere 7. grotesque w/o diaphragm

4. half sphere

Fig. 2.4.9: Denovo geometry (left) and starting source distribution (right) for the sample problems.
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Fig. 2.4.10: Fission source distributions computed by CSAS6 (left) and Denovo (right).
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Table 2.4.10: Sample problem results

CSAS6 Denovo using DEVC
Short time Long time Sample problem High Fidelity
k. uncert min k o uncert min k o min ke ose min

1.0048 0.0023 1.94 | 1.00362 0.00018 380.18 | 0.889 1097 | 1.00220 334.13
1.0048 0.0016 1.80 | 1.00421 0.00017 377.52| 0.859 6.96 | 0.99816 245.34
0.9997 0.0017 0.45 | 0.99831 0.00018 178.69 | 0.982 3.30 | 0.99412  75.00
1.0013 0.0014 0.53 | 0.99841 0.00018 106.02 | 0.982 2.01 | 0.99412  30.91
0.9987 0.0019 0.46 | 0.99869 0.00020 63.18 | 0.982 1.40 | 0.99413 16.78
0.9998 0.0019 0.53 | 0.99830 0.00019 42.03 | 0.982 1.21 | 0.99412 8.98
0.9955 0.0017 1.43 | 0.99776 0.00019 101.56| 0.882 8.98 | 0.99988  38.19
1.2668 0.0013 2.22 | 1.26784 0.00013 279.69 | 1.198 5.70 | 1.22295 204.08

01N bW~

2.5 KMARTS AND KMART6: POSTPROCESSORS FOR KENO V.A AND KENO-VI
K. B. Bekar and L. M. Petrie !

KMARTS and KMART6 (Keno Module for Activity-Reaction Rate Tabulation) are modules whose primary
purpose is to postprocess a KENO V.a or KENO-VI restart file with the corresponding working cross-section
library to generate nuclide activity tables. It also allows collapsing and printing fluxes calculated by KENO.
The KENO problem must have a mixing table, must calculate the fluxes, and must write a restart file
containing the calculated data. KMART calculations are generally imbedded within a CSAS5 or CSAS6
input file immediately following the CSAS input as a stacked input case.

! Formerly with Oak Ridge National Laboratory

2.5.1 INTRODUCTION

KMARTS and KMART6 (Keno Module for Activity-Reaction Rate Tabulation) are modules whose primary
purpose is to postprocess a KENO V.a or KENO-VI restart file with the corresponding working cross-section
library to generate nuclide activity tables. It also allows collapsing and printing fluxes calculated by KENO.
The KENO problem must have a mixing table, must calculate the fluxes, and must write a restart file
containing the calculated data.

2.5.2 KMART INPUT DATA

Input data for KMART is read into the program using free form blocked input similar to KENO. The data
blocks are started with a READ BLOCK NAME and ended with an END BLOCK NAME. There are three data
blocks that KMART can read. The first data block is named INITIAL, and the input starts with the keywords
READ INITIAL. There are ten possible keyworded entries in this block that may be entered in any order.
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Keyword Variable Description
A flag to cause the volumes calculated by KENO to

PRTVOLS PRINT_VOLUMES be printed by KMART. Off by default, turn on by
entering.
KUNIT= KUNIT The loglcal.umt number of the KENO restart file.
The default is 35
Mode_in extra field in the input restart file
B name [restart_*mode_in*.keno_input] and
FNI= RESTART [restart_*mode_in*.keno_calculated]. The de-

fault is an empty field.

The logical unit number of the cross-section library.
The default is 4

A flag which turns on printing activities by group.
ACTBY- If the fluxes are collapsed, the activities will be by
GRP ACTIVITIES_BY_GROUP broad group, otherwise they will be by fine group.
Off by default, turn on by entering

A flag causing the activities to be printed per unit
volume rather than integrated over the volume of the
region. Off by default, turn on by entering

Unit number on which to write data for plotting with

XUNIT= XUNIT

REACTION_RATES_PER _

RRPVOL UNIT_VOLUME

NK3D KENO3D.
KENO3D K3DFILE File name of the KENO input file (minus the trail-
ing extension). The plot data file will be named
K3DFILE kmt.
NOPRINT PRINT_RESULTS A flag allowing suppressing printing results.
A flag to turn on generating a collapsed cross section
FLUXBIN FLUX_BIN file for TRITON.

The logical unit number on which to write an AMPX

IT TD . . .
WUN WG weighted library of the 1-D neutron cross sections.

A sample data block is given below.

READ INITIAL KUNIT=35 XUNIT=4 END INITIAL

One of the next two blocks is required, but both can be specified if desired. If both are entered, either one can
be first. The next data block specified is named ACTIVITY, and the input starts with the keywords READ
ACTIVITY. It contains the data specifying which activities are to be calculated. The activities are specified by
pairs of numbers giving the nuclide identifier and the reaction type identifier desired. A list of reaction types,
also known as MT numbers, can be found in Appendix A of the XSLib chapter. These pairs are repeated
until all the desired activities have been specified. If the nuclides are identified by the SCALE scheme, then
the nuclide can be specified most explicitly by following the nuclide by the keyword MIX= and the mixture
number the nuclide is in. By specifying a mixture of zero the activity will be calculated for each region
in which the nuclide occurs. If the nuclide specifies a natural element identifier (1000*Z) and individual
isotopes occur on the cross-section library, the isotope activities will be summed to produce the total activity
for the element. If the nuclide is a special nuclide, i.e., identified with a prefix id times a million + a ZA, then
MIX= must be specified as a mixture the nuclide occurs in. The data pair is described below.
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Keyword Variable

Description

NUCLIDE  The nuclide identification number on the cross-section li-
brary for this activity request.
MIX MIXTURE  Mixture number of the nuclide for this activity request. This
is an optional entry, and defaults to 0.
REACTION The reaction type identifier for this activity request.

If no activities are desired, then the block can be omitted. A sample block is given below.

READ ACTIVITY 92235 18 92235 27 92235 1452 END ACTIVITY

The other input block is named COLLAPSE, and starts with the keywords READ COLLAPSE. There are two
keyword entries that may be input in this block. A flux factor to normalize the fluxes by can be specified. It
defaults to 1. The last fine group in the current broad group is the other entry. The broad groups are specified
sequentially starting with group one. If the flux factor is specified more than once, the last value given is used.
The data is specified as below.

Keyword Variable Description

FACTOR FACTOR A ﬂux multiplier used to scale the fluxes before
printing (default 1.0).
The last fine group to be included in the cur-

LASTG= LAST_GROUP rent broad group. The broad groups are input
sequentially starting with group one.

If no collapsed fluxes are desired, then the block can be omitted. A sample block is given below.

READ COLLAPSE FACTOR 1.0 LASTG=10 LASTG=20 LASTG=30 LASTG=56

END COLLAPSE

2.5.3 KMART SAMPLE INPUT

Sample input data for KMARTS is given in Example 2.5.1.

Example 2.5.1: KMARTS sample input.

=kmart5
read initial

kunit=35 xunit=4 actbygrp rrpvol keno3d 40 kmart5

end initial
read collapse

lastg=39 1lastg=214 lastg=252

end collapse
read activity
92234 18
92234 27
92235 18
92235 27
92236 18
92236 27
92238 18
92238 27
1001 27

(continues on next page)
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(continued from previous page)

8016 27
9019 27
end activity

end

2.6 C5TOC6: INPUT FILE CONVERSION PROGRAMS FOR CSAS
K. Bekar

2.6.1 INTRODUCTION

Program C5TOCG6 can be used to automatically convert a CSASS input file to a CSAS6 input file. This
functionality can be useful when converting a KENO V.a validation sequence to a KENO-VI validation
sequence. It removes the problem of introducing a mistake or inadvertently changing the data when
remodeling a geometry to the KENO-VI format. For some cases, however, the converted model may be a
very inefficient KENO-VI model.

2.6.2 DESCRIPTION AND INPUT GUIDE

C5TOC6 is a utility program that can be used to automatically convert a CSASS input file to a CSAS6 input
file. For C5TOCS6, the “=CSASBB” record in the input stream (where the BB is 5, 25, or 2x) is replaced by
“=C5TOC6 PARM=CSASS.” The output file is named _geomnnnnnnn where nnnnnnn is a unique 7-digit
number.

Important: The conversion makes no attempt to optimize the output file, so it almost surely will be
inefficient in its use of storage, and in its use of bodies. This can lead to models that are very inefficient in
their running time also.

The input/output (I/O) units for CSTOC6 are given below.

Unit Number Function

5 CSASS input file
6 Output
7 Input file generated for CSAS6)

A sample C5TOC6 sample input file and corresponding converted CSAS6 input file are shown in Example
2.6.1 and Example 2.6.2, respectively.

Example 2.6.1: Sample C5TOC6 problem.

=c5toc6 parm=csas25
sample problem 1 case 2c8 bare
v7.1-252
read composition
uranium 1 den=18.76 1 293 92235 93.2 92238 5.6 92234 1.0 92236 0.2 end
end composition
read parameters
flx=yes fdn=yes far=yes htm=no
end parameters
read geometry

(continues on next page)
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(continued from previous page)

unit 1
cylinder 1 1 5.748 5.3825 -5.3825
cuboid O 1 6.87 -6.87 6.87 -6.87 6.505 -6.505
end geometry
read array
nux=2 nuy=2 nuz=2 fill f1 end fill
end array
end data
end

Example 2.6.2: Sample converted CSAS6 output file.

=csas26
sample problem 1 case 2c8 bare
v7-252
read composition
uranium 1 den=18.76 1 293 92235 93.2 92238 5.6 92234 1.0 92236 0.2 end
end composition
read parameters
flx=yes fdn=yes far=yes htm=no
end parameters
read geometry
unit 1
cylinder 1
5.748000000E+00 5.382500000E+00 -5.382500000E+00
origin x= 0.000000000E+00 y= 0.000000000E+00
media 1 1 1
vol= 8.938968621E+03
cuboid 2
6.870000000E+00 -6.870000000E+00 6.870000000E+00
-6.870000000E+00 6.505000000E+00 -6.505000000E+00
media 0 1 2 -1
vol= 1.071004479E+04
boundary 2
global unit 2
cuboid 1

2.74 E+01 0. OE+00 2.748000000E+01
0.000000000E+00 2.602000000E+01 0.000000000E+00
array 1 1
place 111 6.870000000E+00 6.8370000000E+00 6.505000000E+00
boundary 1
end geometry
read array
nux=2 nuy=2 nuz=2 fill f1 end fill
end array
end data
end
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3. REACTOR PHYSICS
Introduction by M. A. Jessee and F. Bostelmann

SCALE supports a wide range of reactor physics analysis capabilities. SCALE reactor physics calculations
couple neutron transport calculations with ORIGEN to simulate the time-dependent transmutation of various
materials of interest. The two reactor physics analysis tools within SCALE are TRITON and Polaris. TRITON
is SCALE’s modular reactor physics sequence for a wide variety of system types; Polaris is SCALE’s light
water reactor (LWR) lattice physics sequence.

The primary function of TRITON is to simulate the time-dependent evolution of nuclide inventories of a
reactor system through a series of multigroup transport calculations and depletion/decay calculations. Before
each multigroup transport calculation, TRITON executes the XSProc module to calculate multigroup cross
sections for each user-designated depletion material. The XSProc calculation is performed based on the
time-dependent material compositions and the user-defined cross section processing definitions. TRITON
provides maximum modeling flexibility, supporting the full range of cross section processing options in
XSProc along with support for four different multigroup transport modules available in SCALE. These
transport modules include the following:

e XSDRN: one-dimensional discrete ordinates (Sy) transport module for modeling simple slab, cylindri-
cal, and spherical geometries,

e NEWT: two-dimensional (2D) Sy polygon-mesh deterministic transport module with arbitrary geome-
try model definitions, and

o KENO-V.a and KENO-VI and Shift: three-dimensional Monte Carlo transport modules with arbitrary
geometry model definitions.

In addition to the multigroup-based calculation sequences, TRITON supports continuous-energy (CE)
transport calculations with KENO-V.a and KENO-VI and Shift. For each depletion material, the CE Monte
Carlo calculation tallies energy-integrated nuclide-dependent reaction rates to couple the transport solution
to the ORIGEN depletion calculation. Both the multigroup- and CE-based depletion calculations are
parallelizable and can run on an arbitrary number of processors.

TRITON provides easy-to-use input options to define the time-dependent reactor condition, including power
history, material temperatures, and material compositions. TRITON also provides the option to perform lattice
physics calculations, with input options to define branch calculations, homogenization edits, few-group energy
structures, and assembly discontinuity factors. The homogenized few-group cross sections are archived onto
auxiliary data files for subsequent in-reactor core calculations.

TRITON generates several data files for follow-on SCALE analysis. It creates the ORIGEN binary concentra-
tion file (.f71 extension) that stores all of the material inventories at each depletion/decay step. This file can
be used as input to ORIGEN, ORIGAMI, and MAVRIC to support spent fuel characterization and shielding
analysis. TRITON also creates the ORIGEN binary library file (.f33 extension) that stores the ORIGEN
transition matrix for each depletion material at each depletion/decay step. The ORIGEN library files can be
used as input to ORIGEN or ORIGAMI for rapid assessment of spent fuel inventories. Finally, TRITON
also generates the aforementioned lattice physics few-group cross section archive (xfile016) for reactor core
calculations.

In addition to the TRITON reactor physics sequence, SCALE supports an alternative easy-to-use LWR
depletion sequence for generating lattice physics data for full-core reactor calculations. The Polaris lattice
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physics sequence couples 2D multigroup transport calculations with ORIGEN depletion to simulate LWR
fuel assemblies. Polaris provides easy-to-use input definitions for defining the primary inputs necessary for
lattice physics analysis, namely the pin and lattice geometry, the material compositions, and specifications
for the power history and branch calculations. Polaris supports systematic input defaults for analysis of
both fuel and reflector models for both pressurized water reactor (PWR) and boiling water reactor (BWR)
geometries. It uses a novel approach for cross section processing called the Embedded Self Shielding Method
(ESSM). The hallmark feature of ESSM is that the self-shielding calculation is performed on the 2D fuel
assembly geometry, eliminating the need for user-defined cross section processing definitions. The ESSM
calculation and the keff calculation are performed with a deterministic transport module based on the Method
of Characteristics (MOC) approach. The Polaris sequence generates the lattice physics archive file (.t16 and
.x16 extension), the ORIGEN binary concentration file (.f71 extension), the ORIGEN binary library file (.f33
extension), and a geometry plot file (.png extension).

3.1 TRITON: A MULTIPURPOSE TRANSPORT, DEPLETION, AND SENSITIVITY AND UN-
CERTAINTY ANALYSIS MODULE

FE. Bostelmann, M. A. Jessee, D. Wiarda, K. T. Clarno, U. Mertyurek, K. Bekar
ABSTRACT

The TRITON computer code is a multipurpose SCALE control sequence for transport, depletion, and
sensitivity and uncertainty analysis. TRITON automates the processing of cross sections, the neutron
transport calculations for one-, two-, and three-dimensional (1D, 2D, and 3D) configurations, and the
depletion calculations to estimate the neutron flux, mixture-wise powers, isotopic concentrations, source
terms, decay heat and other quantities as well as few-group homogenized cross sections for nodal core
calculations as a function of burnup.

TRITON can be used in combination with any one of SCALE’s neutron transport kernels. Deterministic
multigroup transport calculations for 1D and 2D geometries are performed using XSDRNPM and NEWT,
respectively. The application of the Monte Carlo codes KENO V.a, KENO-VI, and Shift enables depletion
calculations of 3D geometries in either multigroup or in continuous-energy mode. In MG mode, TRITON
automates the preparation of problem-dependent MG cross sections for use in MG neutron transport calcula-
tions using SCALE’s cross section processing module XSProc. The depletion calculations are performed by
the ORIGEN depletion module.

The SAMS module is used to determine the sensitivity of the calculated value of responses to the nuclear
data used in the calculation as a function of nuclide, reaction type, and energy. The uncertainty in the
calculated value of the response, resulting from uncertainties in the basic nuclear data used in the calculation,
is estimated using energy-dependent cross section covariance matrices. The implicit effects of the cross
section processing calculations are also treated.

3.1.1 INTRODUCTION

TRITON (Transport Rigor Implemented with Time-dependent Operation for Neutronic depletion) is a
multipurpose SCALE control sequence for transport and depletion analysis for reactor physics applications.
By calling the appropriate SCALE modules, TRITON automates the processing of cross sections, the
neutron transport calculations for one-, two-, and three-dimensional (1D, 2D, and 3D) configurations, and
the depletion calculations to estimate the neutron flux, mixture-wise powers, isotopic concentrations, source
terms, decay heat and other quantities as a function of burnup. An overview can be found in [TRITONDB11].

The choice of the neutron transport kernel determines whether TRITON is run in multi-group (MG) or in
continuous-energy (CE) mode. TRITON can be used in combination with any one of SCALE’s neutron
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transport kernels. Deterministic MG transport calculations for 1D and 2D geometries are performed using
XSDRNPM and NEWT, respectively. The application of the Monte Carlo codes KENO V.a, KENO-VI, and
Shift enables depletion calculations of 3D geometries in either MG or in CE mode. In MG mode, TRITON
automates the preparation of problem-dependent MG cross sections for use by the MG neutron transport
kernels (see Fig. 3.1.1). Nodal data for use in nodal core simulations can be generated with the TRITON
sequence that uses the NEWT deterministic transport code and with the TRITON sequences using the Shift
Monte Carlo code.

_______________________________

* Input (.inp)
* Nuclear Data Libraries

MG mode only:
Cross Section Processing (XSProc)

!

MG or CE Neutron Transport
(XSDRN, NEWT, KENO, Shift)

doo| youpig

»
>

Depletion
(ORIGEN)

TRITON

»| doo| days awi|

« Output (.out) !
» Few-group XS File (.116) !
» ORIGEN Concentration File (f71) |
» ORIGEN Library File (.f33) E

Fig. 3.1.1: General flowchart of the TRITON reactor physics sequence.

The SAMS module is used to determine the sensitivity of the calculated value of the response to the nuclear
data used in the calculation as a function of nuclide, reaction type, and energy. The uncertainty in the
calculated value of the response, resulting from uncertainties in the basic nuclear data used in the calculation,
is estimated using energy-dependent cross section covariance matrices. The implicit effects of the cross
section processing calculations are predicted using SENLIB and BONAMIST.

As a SCALE control module, TRITON automates execution of SCALE functional modules and manages data
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transfer and input/output processes for multiple analysis sequences. Each of TRITON’s eleven calculational
sequences is provided in Table 3.1.1, which lists the sequence name keyword, the sequence description, and
the function modules invoked within each sequence. The method for cross section processing is selected
using a separate “parm=""keyword, which is described in more detail in the next section.

Table 3.1.1: Overview of TRITON sequences.

Sequence keyword

Primary SCALE
modules

parm= options

Sequence function

Cross section processing s

equences

=T-XSEC XSProc bonami Preparation of multigroup
centrm? (MG) cross section library.
xslevel=1/2/3/4
Transport sequences
=T-XSDRN XSProc, XS- | bonami 1D MG deterministic
DRNPM centrm? transport calculation.

xslevel=1/2/3/4
weight?

=T-NEWT

XSProc, NEWT

2D MG deterministic
transport calculation.

Depletion sequences

=T-DEPL-1D XSProc, XS- | bonami 1D MG deterministic
DRNPM, ORIGEN, | centrm transport, coupled with
OPUS xslevel=1/2/3a/4 ORIGEN depletion.
addnux=0/1/2%/3/4
weight?
=T-DEPL XSProc, NEWT, 2D MG deterministic
ORIGEN, OPUS transport, coupled with
ORIGEN depletion.
=T5-DEPL XSProc® KENO- 3D, Monte Carlo trans-
V.a, ORIGEN, port (KENO-V.a), coupled
OPUS with ORIGEN depletion.
=T6-DEPL XSProc® KENOVI, 3D, Monte Carlo transport

ORIGEN, OPUS

(KENO-VI), coupled with
ORIGEN depletion.

=T5-DEPL-SHIFT

XSProc® Shift,
ORIGEN, OPUS

3D, Monte Carlo transport
(Shift, coupled with ORI-
GEN depletion.

=T6-DEPL-SHIFT

XSProc® Shift,
ORIGEN, OPUS

3D, Monte Carlo transport
(Shift), coupled with ORI-
GEN depletion.

4Default parm value.
b

available for the T-DEPL sequence.
°T5-DEPL and T6-DEPL are also available in CE-mode, which does not invoke XSProc for cross

section processing.

parm=weight is used to generate a broad group cross section library. This parm option is only

114




3.1.2 OVERVIEW OF TRITON SEQUENCES

The TRITON control module supports eleven calculational sequences, each with its own design and applica-
tions. Each of these sequences is described in the following subsections.

The first subsection covers the basic cross section processing sequence T-XSEC. The T-XSEC sequence
prepares problem-dependent multigroup cross sections for subsequent transport analysis. The second
subsection covers TRITON’s transport analysis sequences, while the third subsection discusses TRITON’s
depletion analysis sequences.

3.1.2.1 Cross section processing sequence (T-XSEC)

The T-XSEC sequence provides the ability to prepare a problem-dependent multigroup cross section library
using SCALE cross section processing modules to appropriately account for spatial and energy self-shielding
effects. The problem-dependent cross section library contains microscopic cross sections for each nuclide for
each material composition defined in the TRITON input. SCALE provides several unit cell types (e.g., a
lattice of pins, an infinite medium, a multiregion problem, or a doubly heterogeneous cell) to correct the cross
sections for spatial and energy self-shielding. Multiple cell calculations can be used in the same calculation.
The calculation of multigroup cross sections is executed by XSProc).

3.1.2.2 Transport sequences (T-XSDRN, T-NEWT)

The TRITON transport sequences build upon the cross section processing sequence by automating a transport
calculation after cross section processing. Both 1D and 2D discrete-ordinates transport calculations can
be performed using XSDRNPM and NEWT, respectively. The T-XSDRN sequence calls XSDRNPM for
transport analysis in slab, sphere, or cylindrical geometries, while the T-NEW'T sequence calls NEWT for
analyses in 2D xy-geometries. In addition to the input necessary for cross section processing, an XSDRN or
NEWT input model is also required. The XSDRN model input is discussed in Appendix A of TRITON; the
NEWT model input requirements are described in the NEWT chapter. Similar capabilities and applications
for KENO-V.a and KENO-VI are handled through the CSASS5 and CSASG6 sequences, respectively.

3.1.2.3 Depletion sequences (T-DEPL, T-DEPL-1D, T5-DEPL, T6-DEPL, T5-DEPL-SHIFT, T6-
DEPL-SHIFT)

The TRITON depletion sequences build upon the transport sequences by automating depletion/decay calcula-
tions after the transport calculations for each material designated for depletion. One or more materials in the
model can be designated for depletion. Each designated material is depleted using region-averaged reaction
rates, accounting for all regions in the model associated with a given depletion material. The TRITON
depletion calculation procedure is described further in the next subsection. TRITON automates the various
computational processes-cross section processing, transport, and depletion-over a series of depletion and
decay intervals supplied by the user. The depletion procedure is discussed in Sect. 3.1.2.3.1. The 2D TRITON
depletion sequence (T-DEPL), which uses NEWT for the transport calculations and the 3D TRITON depletion
sequences which use Shift in CE mode for the transport calculations (T5-DEPL-Shift, T6-DEPL-SHIFT)
provide the capability to generate lattice-physics data for nodal core calculations.

Within TRITON depletion calculations, TRITON invokes the ORIGEN depletion module for the time-
dependent transmutation of each user-defined material. TRITON provides ORIGEN the neutron flux space-
energy distribution, the multigroup cross sections, material concentrations, and material volumes. ORIGEN
performs the flux normalization, cross section collapse, and multi-material depletion/decay operations to
determine new isotopic concentrations for the next calculation.
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Predictor-corrector depletion process

For all depletion sequences, TRITON automates cross section processing, transport, and depletion calculations
over a series of depletion-decay intervals supplied by the user. A depletion interval represents a time interval
in which the model power level is assumed constant. A depletion model that exhibits various power level
changes will require multiple depletion intervals to accurately model the changes in power. Each depletion
interval can be followed by a decay calculation over a user-specified decay interval.

Within a given depletion interval (e.g., an LWR operating at constant power for a 12-month fuel cycle),
the isotope concentrations of different depletion materials change, which induces changes in the problem-
dependent multigroup cross sections (through spatial and energy self-shielding effects) as well as the neutron
flux distribution, leading to different power distributions and transmutation rates in depletion materials. This
requires TRITON to represent each depletion interval as a series of smaller time intervals in which cross
section processing and transport solutions are recomputed to accurately model these time-dependent effects.
A depletion subinterval represents a time interval in which TRITON performs cross section processing and
transport calculations to determine cross sections and flux distributions used in the depletion calculations.
All depletion subintervals for a given depletion interval have the same length-for example, one 12-month
depletion interval can be represented as a series of 12 one-month depletion subintervals, or as 6 two-month
depletion subintervals. Alternatively, the 12-month depletion interval can be modeled as two consecutive
6-month depletion intervals, each one having a different number of subintervals. Therefore the formulation of
a depletion scheme in TRITON is highly flexible. A depletion scheme is the set of user-defined depletion
and decay intervals with associated power levels and number of subintervals.

Caution: TRITON does not provide automated means to determine the appropriate depletion scheme
for a given application. The user must determine the accurate depletion scheme specific to his or her
application.

TRITON uses a predictor-corrector approach to process the user-defined depletion scheme. The predictor-
corrector approach performs cross section processing and transport calculations based on anticipated isotope
concentrations at the midpoint of a depletion subinterval. Depletion calculations are then performed over the
full subinterval using cross sections and flux distributions predicted at the midpoint. Depletion calculations
are then extended to the midpoint of the next subinterval (possibly through a decay interval and into a new
depletion interval), followed by cross section processing and transport calculations at the new midpoint. The
iterative process is repeated until all depletion subintervals are processed. In order to start the calculation, a
“bootstrap case” is required using initial isotope concentrations for the initial cross section processing and
transport calculation. The bootstrap calculation is used to determine the anticipated isotope concentrations at
the midpoint of the first depletion subinterval.

The predictor-corrector approach is best explained by an example. Fig. 3.1.2 illustrates the predictor-corrector
process for a hypothetical depletion scheme with two depletion intervals. The first depletion interval contains
two subintervals, followed by a decay interval. The second depletion interval contains one subinterval and
is also followed by a decay interval. In Fig. 3.1.2, cross section processing and transport calculations are
represented by the “T” label, and depletion calculations are represented by the ‘D’ label. For this example,
four sets of calculations would be necessary: one for each of the three depletion subintervals, and one for the
initial “bootstrap case.” These calculations are represented in the following eight steps.

e Step 1

— Tp: Cross section processing and transport calculation using initial (i.e., time-zero) isotope
concentrations.
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Step 2

Step 3

Step 4

Step 5

Step 6:

Step 7

Step 8

— Dj: Depletion calculation from time-zero to the midpoint of the first depletion subinterval.

The dashed horizontal arrow denotes a “predictor” depletion step.

Ty: Cross section processing and transport calculation at the midpoint of the first depletion
subinterval.

D;: Depletion calculation for the first depletion subinterval. The solid horizontal arrow
across the subinterval denotes a “corrector” depletion step. Corrector steps use cross sections
and flux distribution computed at the subinterval midpoint. This is represented by a solid
arrow from T; to D;.

D;: Predictor depletion calculation for the second depletion subinterval. Predictor steps use
cross sections and flux distribution computed at theprevioussubinterval midpoint. This is
represented as the dashed arrow from T to Dj.

T,: Cross section processing and transport calculation at the midpoint of the second depletion
subinterval.

D,: Corrector depletion calculation for the second depletion subinterval, followed by the
decay calculation at the end of the first depletion interval.

D3: Predictor depletion calculation for the third depletion subinterval. The third depletion
subinterval is the first and only subinterval associated with the second depletion interval.

Ts: Cross section processing and transport calculation at the midpoint of the third depletion
subinterval.

Dj3: Corrector depletion calculation for the third depletion subinterval. This calculation is
followed by a second decay calculation.
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Fig. 3.1.2: Predictor/corrector depletion algorithm used by TRITON.

The depletion calculations are performed by ORIGEN and span either the first half of a subinterval (predictor
step) or the full subinterval (corrector step). ORIGEN performs these depletion calculations and possible
decay calculations over a series of smaller time intervals. The ORIGEN time intervals are automatically
determined by TRITON depending on the length of the depletion subinterval and decay interval. Additionally,
TRITON will automatically adjust the number of subintervals per depletion interval if the time length of the
user-defined subinterval is large (i.e., >400 days). TRITON writes the utilized depletion scheme near the top
of the output file. The depletion scheme output edit is further described in Sect. 3.1.5.4.1.

Lattice physics analysis

The 2D depletion sequence (T-DEPL) may be used to generate lattice physics data for subsequent core analysis
calculations using core simulator software. Core simulators typically employ few-group nodal diffusion theory
for neutronic calculations, coupled with other calculation methods for thermal hydraulics, fuel performance,
and plant operation (e.g., soluble boron letdown or control rod movement). Core simulation requires the
use of pretabulated lattice physics data for the neutronic calculations-that is, few-group homogenized cross
sections, with appropriate discontinuity factors, pin powers, and kinetic parameters, functionalized in terms
of burnup and other system conditions such as fuel temperature and moderator density.

To support lattice physics database preparation, the NEWT transport module contains flexible input options
to define the few-group energy structure, spatial homogenization regions, and discontinuity factors. After the
transport calculation at the midpoint of each depletion subinterval, NEWT computes the lattice physics data
and stores this data on a temporary file. TRITON reads the temporary file and archives the lattice physics
data onto a separate database file. In addition, the 7-DEPL sequence supports branch calculations in which
perturbations may be applied to certain system conditions such as fuel temperatures and moderator density.
TRITON automates the cross section processing and transport calculations for each branch condition at the
midpoint of the depletion subinterval. NEWT computes the lattice physics data for the branch calculations,
and TRITON archives this data onto the lattice physics database file.
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The TRITON input options for branch calculations are described in Sect. 3.1.3.3.2, and the file format of the
lattice physics database is provided in the Appendix B of TRITON.

Note: The TRITON input options for branch calculations are designed to be highly flexible to support a
large range of core analyses; therefore, TRITON does not provide automated means to determine the branch
calculations. The user must determine the necessary branch calculations for his or her core analysis and be
knowledgeable of the capabilities and limitations of the cross section treatment of the core simulator. The
TRITON Lattice Physics Primer has been developed to provide guidance on appropriate TRITON branch
calculations for LWR core analysis (NUREG/CR-7041) and in “Cross Section Generation Guidelines for
TRACE-PARCS” (NUREG/CR-7164).

3.1.3 INPUT DESCRIPTION

TRITON input is free-form and keyword based, similar in form to many other modules in SCALE. With a
few exceptions, the following formatting rules apply:

e Data is limited to 255 columns but may wrap into as many lines as are needed.

o Comment lines start with a tick mark (°) in the first column of a line and may be placed anywhere in
the input.

e The keyword-based input is case insensitive.

e TRITON input is organized into blocks of data. Each data block begins with read blockname and
terminates with end blockname.

o Blocks of data may appear in any order. Each block of data may appear only once in the input.

o Input can be redirected from an auxiliary file by using the open angle bracket (<) and the name of the
file-for example, </path/to/auxiliary_input_file.

The first three lines of input and the last line of the input are unique. The first line of input contains the
TRITON sequence name along with parameter specifications, e.g., parm=centrm. The second line contains
the case title (up to 80 characters), and the third line contains the cross section library identifier. The last line
of the input contains the end keyword and terminates the input file. An example TRITON input is as follows:

=t-xsec parm=(centrm, check)
TRITON Input Example

V7-252

end

In this example, the first line of input declares this calculation to use the T-XSEC sequence. The name of
the sequence is preceded by the “=" sign. After the sequence name, two parameter options are specified.
Parameters are optional. If specified, the keyword parm= must precede the parameter options. Multiple
parameter options can be provided in a comma-separated list enclosed in parentheses. In this example, the
centrm option specifies the CENTRM-based discrete-ordinates sequence is used by default. The check option
implies that TRITON will read all input and ensure that no input errors are present, without running additional
calculations. The second input line provides the case title: TRITON Input Example. The third input line
provides the cross section library: V7-252. This example input file is terminated at the end keyword. The end

keyword must appear by itself at the beginning of the final line of the input file.

The TRITON input section is organized by sequences. The first section summarizes the input requirements
for the cross section processing sequence T-XSEC, which includes discussion of the COMPOSITION and
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CELLDATA block. The second section summarizes the input requirements for the TRITON transport
sequences T-XSDRN and T-NEWT. The XSDRN MODEL block is described in Appendix B of TRITON.
The third section summarizes the input for TRITON depletion sequences: T-DEPL-1D, T-DEPL, T5-DEPL,
and T6-DEPL. The depletion sequence input section includes discussion of the DEPLETION, BURNDATA,
TIMETABLE, BRANCH, and OPUS blocks.

The input requirements for the depletion sequences and the S/U sequences build upon the input requirements
for the cross section processing sequence and the transport sequences, so the user should be familiar with
these first two sections. However, the input requirements for the depletion and S/U sequences are independent,
so the user can skip over these sections as needed.

The fifth and sixth section of the input description is dedicated to two TRITON-specific blocks of data to
simplify model development and output control: the ALIAS block and the KEEP_OUTPUT block, respectively.
The final section describes TRITON control parameters used in the parm= specification.

3.1.3.1 Cross section processing

An example input structure for a cross section processing sequence calculation is the following:

=t-xsec parm=(options)

title-goes-here

xslib-goes-here

read alias

[List of user-defined aliases (optional)]

end alias

read comp

[List of material specifications (standard SCALE format)]
end comp

read celldata

[Unit cell specifications for self-shielding calculation (optional)]
end celldata

end

In this input, the title can be any descriptive title, and the cross section library x-sect_lib_name can be any
multigroup SCALE cross section library (or continuous-energy library if KENO is used). The three blocks
of data highlighted in red-ALIAS, COMPOSITION, and CELLDATA-must appear in the order shown above.
However, the ALIAS and CELLDATA blocks are optional. If the ALIAS block is not used, the COMPOSITION
block follows the cross section library line. If the CELLDATA block is not used, the input is terminated after
the COMPOSITION block.

The input requirements for the ALIAS block are deferred to Sect. 3.1.3.4 as the ALIAS block impacts many
different blocks of data for all TRITON sequences. The COMPOSITION block is used to define material
compositions and temperatures. The CELLDATA block is used to specify unit cell calculations used to
generate problem-dependent multigroup cross sections. The input requirements for the COMPOSITION and
CELLDATA blocks are comprehensively described in the XSProc manual and are not repeated here. Fig. 3.1.3
shows an example input for a cross section processing calculation. In this input file, cross section processing
calculations are performed for two different square-pitched UO, fuel pins surrounded by Zircaloy-4 cladding
and borated H,O moderator. The first fuel pin (material 1) is 2.5% enriched in 235U. The second fuel pin
(material 4) is 4.5% enriched in 2>3U. These materials are used in two separate unit cell definitions in the
CELLDATA block.
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=t-xsec
Simple T-XSEC input

v7.1-252n
read composition
'cell 1
uo2 1 den=9.550 1 750 92235 2.5 92238 97.5 end
zirc4d 2 1 600 end
h2o 3 den=0.75 1 550 end
boron 3 den=0.75 600e-6 550 end
'cell 2
uo2 4 den=9.550 1 750 92235 4.5 92238 95.5 end
zirc4d 5 1 600 end
h2o 6 den=0.75 1 550 end

boron 6 den=0.75 600e-6 550 end
end composition
read celldata
latticecell squarepitch fueld=0.95 1 cladd=1.05 2 pitch=1.4 3 end
latticecell squarepitch fueld=0.95 4 cladd=1.05 5 pitch=1.4 6 end
end celldata

end

Fig. 3.1.3: Example T-XSEC input.

One key observation in this example is the duplicate definitions for the clad material (materials 2 and 5)
and the moderator material (materials 3 and 6). For practical use in subsequent transport calculations, only
four material compositions need to be defined: one each for the different fuel pin enrichments and one
definition each for the clad and moderator material compositions. However, as described in the XSProc
manual, the same material identifier cannot be used in multiple unit cell definitions. Because this example
requires two separate unit cell definitions to appropriately generate cross sections for each fuel pin enrichment,
duplicate definitions are required for the clad and moderator compositions. The unique mixture number
input requirement can lead to many duplicate definitions of clad and moderator materials, depending on
model complexity. To simplify model development, duplicate material compositions and similar unit cell
definitions can be defined simultaneously through the use of aliases. The ALIAS block is discussed further in
Sect. 3.1.3.4.

Combined two-region and Sy cross section processing

It is possible to use the both the CENTRM-based two-region method and the CENTRM-based Sy method
within the same input file. Fig. 3.1.4 shows a modified input file of the previous example in which the first
unit cell uses Sy cross section processing and the second unit cell uses two-region cross section processing.
Each unit cell contains a centrmdata keyword specification after the latticecell specification. The centrmdata
specification contains a set of additional keyword specifications used to identify the Sy and the two-region
options in CENTRM.

The input centrmdata npxs=1 end centrmdata instructs TRITON to use Sy cross section processing, whereas
the input centrmdata npxs=5 end centrmdata instructs TRITON to use two-region cross section processing.
These keyword options are described in detail in the XSProc manual. The default cross section option
for TRITON is Sn; therefore, the first centrmdata specification is not needed (but still acceptable). If
parm=centrm was specified, the first centrmdata specification would not be needed (but still acceptable),
whereas the second centrmdata specification would be required to activate the two-region option. Conversely,
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if parm=2region was specified, the second centrmdata specification is not needed (but still acceptable),
whereas the first centrmdata specification would be required to activate the Sy option.

The centrmdata specifications may also be applied to other unit cell types (e.g., multiregion); however, the
two-region method is only valid for specific unit cell configurations described in the XSProc manual. The
user should determine the applicability of the two-region method by comparing calculation results with
continuous-energy calculations or multigroup calculations using the CENTRM-based Sy method.

=t-xsec
Simple T-XSEC input
v7.1-252n
read composition
'cell 1
uo2 den=9.550 1 750 92235 2.5 92238 97.5 end

1
zirc4d 2 1 600 end
h2o 3 den=0.75 1 550 end
boron 3 den=0.75 600e-6 550 end
'cell 2
uo2 4 den=9.550 1 750 92235 4.5 92238 95.5 end
zirc4 5 1 600 end
h2o 6 den=0.75 1 550 end
boron 6 den=0.75 600e-6 550 end
end composition
read celldata
latticecell squarepitch fueld=0.95 1 cladd=1.05 2 pitch=1.4 3 end
centrmdata npxs=1 end centrmdata
latticecell squarepitch fueld=0.95 4 cladd=1.05 5 pitch=1.4 6 end
centrmdata npxs=5 end centrmdata
end celldata
end

Fig. 3.1.4: T-XSEC input with multiple cross section processing options.

User-defined Dancoff factors

Like other SCALE calculations, TRITON uses Dancoff factors as part of its cross section processing
calculations. The user can specify Dancoff factors for various materials by using the centrmdata specification
and the dan2pitch keyword. Here is an example.

read celldata
latticecell squarepitch fueld=0.95 1 cladd=1.05 2 pitch=1.4 3 end
centrmdata dan2pitch=0.51 end centrmdata
latticecell squarepitch fueld=0.95 4 cladd=1.05 5 pitch=1.4 6 end
centrmdata dan2pitch=0.65 end centrmdata

end celldata

In this example, fuel materials 1 and 4 were assigned a Dancoff factor of 0.51 and 0.65, respectively. These
Dancoft factor values can be computed using the SCALE MCDANCOFF sequence. Only one dan2pitch
keyword is allowed for a given centrmdata specification.
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3.1.3.2 Transport sequences

An example input structure for a transport sequence calculation is the following:

=t-newt (or =t-xsdrn) parm=(options)

title-goes-here

xslib-goes-here

read alias

[List of user-defined aliases (optional)]

end alias

read comp

[List of material specifications (standard SCALE format)]
end comp

read celldata

[Unit cell specifications for self-shielding calculation (optional)]
end celldata

read keep_output

[keep output options (optional)]

end keep_output

read model

[specification of XSDRN or NEWT model]

end model

end

The MODEL block contains a full transport model input description and is required for both the T-NEWT and
T-XSDRN sequences. The MODEL block must be the last block of data in the input file. The MODEL block
provides the physical layout of the configuration for which the transport calculation is to be performed, along
with general control parameters. The nature of data embedded within the MODEL block depends on the
sequence selected. For the T-NEWT sequence, the MODEL block contains a complete NEWT input listing.
NEWT input is fully described in the NEWT chapter and is not repeated here. For the T-XSDRN sequence,
the MODEL block is described in the Appendix B of TRITON. Sample problems for both the T-NEWT and
T-XSDRN sequences are provided in Sect. 3.1.6. The optional KEEP_OUTPUT block is described in Sect.
3.1.34.7.

3.1.3.3 Depletion sequences input

An example input structure for a depletion calculation is provided in the following:

=t-depl (or =t-depl-1d or =t5-depl or =t6-depl) parm=(options)
title-goes-here

xslib-goes-here

read alias

[List of user-defined aliases (optional)]

end alias

read comp

[List of material specifications (standard SCALE format)]

end comp

read celldata

[Unit cell specifications for self-shielding calculation (optional)]
end celldata

read keep

[keep output options (optional)]

end keep

read burndata

[information about specific power, depletion/decay time and intervals]
end burndata

read depletion

[material depletion specifications]

end depletion

read branch

[branch calculation specifications (optional, t-depl only)]
end branch

(continues on next page)
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(continued from previous page)

read timetable

[time-dependent parameter specifications (optional)]

end timetable

read opus

[opus specification (optional)]

end opus

read model

[specification of XSDRN, NEWT, KENO-V.a or KENO-VI model]
end model

end

The TRITON depletion sequences support the following data blocks: the DEPLETION, BURNDATA, OPUS,
BRANCH, and TIMETABLE data blocks. These data blocks, along with the KEEP_OUTPUT block, may
appear only once, in any order, and must follow the COMPOSITION and CELLDATA blocks and must
precede the MODEL block. The DEPLETION and BURNDATA blocks are always required for depletion
calculations.

The MODEL block contains a full transport model input description and is required for all depletion sequences.
For the T-DEPL sequence, the MODEL block contains a complete NEWT input listing. NEWT input is fully
described in NEWT chapter and is not repeated here. For the -DEPL-1D sequence, the MODEL block is
described in Appendix A of TRITON. For T5-DEPL and T6-DEPL sequences, the MODEL block contains
input for KENO V.a and KENO-VI, respectively. The details of KENO V.a and KENO-VI input formats
are described in the KENO V.a and KENO-VI chapters and are not repeated here. To use the Monte Carlo
code Shift instead of KENO V.a or KENO-VI, only the sequence name has to be changed from T5-DEPL
to T5-DEPL-SHIFT, or from T6-DEPL-SHIFT to T6-DEPL sequences, respectively. Note that the KENO
geometry description ends with an additional END DATA before END MODEL.

TRITON reads the MODEL block at the beginning of the sequence to process the input and save data to
appropriate data in memory (or on a restart file for KENO). Reading the MODEL block at the beginning of
the sequence allows TRITON to check all transport module data and to terminate immediately if errors are
found in the model input. When the transport module is eventually invoked by the sequence, TRITON uses
the processed data in memory (or reads it from the restart file), allowing for transport iterations (XSDRN,
NEWT) or neutron histories (KENO, Shift) to begin immediately, eliminating the need for recalculation of
geometry data each time the transport module is invoked.

BURNDATA block

The BURNDATA data block allows specification of the depletion scheme for the model and is used only by the
depletion sequences of TRITON for which this block is required. As described in Sect. 3.1.2.3.1, the depletion
scheme consists of a series of depletion intervals—time intervals of constant power operation—which may
be partitioned into many depletion subintervals—intervals over which cross section processing and transport
calculations are performed to update cross sections and flux distributions used in the depletion calculation.
Moreover, depletion intervals may be optionally followed by a decay interval—a time interval for zero-power
decay.

The depletion intervals that define the depletion scheme are specified in the BURNDATA block in chronological
order within the BURNDATA block, with the following format.

READ burndata
power=P burn=B down=D nlib=N end
power=P burn=B down=D nlib=N end
END burndata

where
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P = average specific power in the basis material(s), in megawatts per metric tonne of initial
heavy metal MW/MTHM) (typically MW/MTU for uranium-only models);

B = length of depletion interval in days;
D = length of decay interval in days following the depletion interval (optional, default = 0.0);
N = number of depletion subintervals for the depletion interval (optional, default = 1).

The average specific power is provided for the basis material(s). In other words, localized power distributions
are uniformly scaled accordingly in the transport solution such that the average power in the basis material(s)
matches the power specified in input. By default, the basis consists of all materials in the model, so that local
powers are scaled to obtain a problem-wide average power matching the power specified in input. The basis
can be set as a single material or set of materials in the DEPLETION data block. The DEPLETION data
block is described in Sect. 3.1.3.3.4.

Each depletion interval specification must be terminated by an end keyword. As many depletion intervals as
necessary may be entered to model the depletion scheme. The number of depletion subintervals can be used
to refine the temporal discretization to force more cross section processing and transport calculations per
depletion interval, as discussed in Sect. 3.1.2.3.1.

An example of a BURNDATA block is shown below. The example case contains three depletion intervals, with
the first interval at power 26.54 MW/MTHM in the basis materials (the basis is defined in the DEPLETION
block), for an interval of 121 days. This is followed by a second depletion interval at power 38.01 MW/MTHM
for 201.5 days and then 30 days of zero-power operation. In the third depletion interval, the basis materials
are depleted at a 31.44 MW/MTHM power level for 386.25 days, followed by 5 years (1826.25 days) of
decay. In this model, three, two, and one depletion subintervals are used for the first, second, and third
depletion intervals, respectively.

Example 3.1.1: Example BURNDATA block input.

READ burndata

power=26.54 burn=121.0 nlib=3 end
power=38.01 burn=201.5 down=30 nlib=2 end
power=31.44 burn=386.25 down=1826.25 end
END burndata

While at least one depletion interval was required in TRITON input files up to SCALE 6.2, TRITON in
SCALE 6.3 permits the specification of a depletion step of 0 days or the omission of the depletion step. A
TRITON calculation without a depletion step enables a neutron transport-only calculation as in the CSAS
sequence, but with TRITON default settings and with the additional TRITON output files (f71, £33, etc.).
A 0 day interval is only permitted in the first and only BURNDATA entry. The following two examples are
equivalent and cause a neutron transport calculation only at t=0.

READ burndata
power=26.54 burn=0 end
END burndata

READ burndata
power=26.54 end
END burndata
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BRANCH block

The T-DEPL sequence in TRITON supports the ability to perform branch calculations during depletion
calculations. Branch calculations are not supported for the 3D depletion sequences, nor are branch calculations
supported for problems that require doubly heterogeneous cross section processing. A branch calculation
is a recalculation of cross section processing and transport calculations with one or more of a limited
set of input parameters modified. These calculations are performed at the same location in the depletion
scheme as in the nominal cross section processing and transport calculations-that is, at t = 0 and at the
midpoint of the depletion subintervals (see Sect. 3.1.2.3.1 for more details on the TRITON predictor-corrector
depletion scheme). Branch calculations allow for the quantification of changes in system responses of interest
(eigenvalue, pin powers, homogenized few-group cross sections, and kinetic parameters) due to changes in
system parameters. TRITON saves the responses of interest for the nominal and each perturbed (branch)
state, for each evaluation within the TRITON depletion scheme. These responses of interest-in particular,
homogenized cross sections-may be subsequently extracted for use in nodal core simulation calculations.

Branch calculations represent a branch from the primary depletion scheme at each depletion subinterval. With
branching enabled, selected properties or conditions (fuel temperature, moderator temperature, moderator
density, soluble boron concentration, and control rod insertion, or any combination thereof) can be varied from
the reference state for as many branches as are desired. Depletion calculations, however, are performed for
reference-state conditions only. Fig. 3.1.1 illustrates the branch loop during a T-DEPL sequence calculation.
Although not technically a branch state, the reference state is considered to be branch 0 for numbering
purposes within TRITON. For each branch calculation >0, TRITON updates the appropriate parameters
and re-executes the cross section processing and transport calculations. Responses of interest are saved to
a database file (i.e., the txtfile16 file) for both the nominal and perturbed-state conditions, and TRITON
reverts to cross sections and fluxes from the reference branch 0 to proceed with the depletion calculation. The
process repeats following each depletion subinterval, until all depletion subintervals are simulated. Responses
of interest are added to the database file for all branches at each depletion subinterval.

Branch perturbations may be applied to any of the following five parameters: fuel temperature, moderator
temperature, moderator density, moderator soluble boron concentration, and control rod insertion. These
properties may be varied individually or simultaneously. Branch calculations are specified in the TRITON
BRANCH data block. The BRANCH data block has the following form.

READ branch
define deftype Il1 I2 ... In end

tf=fueltemp tm=modtemp dm=moddens sb=boronconc cr=inout end

END branch

where
deftype = ‘fuel,” ‘mod,” ‘crout’, or ‘crin’,
Ii = list of materials associated with type definition deftype,
fueltemp = branch fuel temperature (K),
modtemp = branch moderator temperature (K),
moddens = branch moderator density (g/cm?),
boronconc = soluble boron concentrations (ppm),

inout = control rod/blade state (out =0, in = 1).
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The type definitions must come first within the BRANCH block, and at least one definition is always
required. The ‘fuel’ type definition is used to specify which of the problem materials are considered to
be fuel during branch calculations; similarly, the ‘mod’ type definition specifies the material or materials
that are to be considered moderator. The ‘crout’ definition specifies the materials that are in place in the
transport model when control structures are withdrawn, while the ‘crin’ definition specifies the materials
that are present in the transport model when a control structure is inserted. The ‘fuel’ definition must be
present if any fuel temperature branches are performed. The ‘mod’ type definition must be present whenever
moderator temperature, moderator density, or soluble boron branches are performed. Both the ‘crout’ and
‘crin’ definitions must be present if control rod branches are requested. Definitions may not be repeated-for
example, ‘define fuel’ may occur only once.

Type definitions are followed by branch specifications. For each branch, one or more branch specifications
may be given; if a particular property is omitted, then the reference conditions of the original model and
material specifications are used. The first branch specification must describe the nominal conditions,
and all parameters must be specified for this branch. Each branch specification can optionally define up to
five branch keywords before terminating with the end keyword. The five branch keywords are as follows.

tf = fuel temperature (K),

tm = moderator temperature (K),

dm = moderator density (g/cm?),

sb = soluble boron concentration (ppm boron), and
cr = control rod state (out = 0, in = 1).

The format of a BRANCH block is best illustrated by an example. Fig. 3.1.5 shows a complete branch data
block for a five-branch calculation, with embedded descriptions of each branch. Note that there are six entries;
the first branch is the reference or branch O state.

In this example, materials 11 and 12 are specified as ‘fuel’, and fuel temperature perturbations will be applied
to only these materials. The nominal temperature for both materials is determined from the branch 0 input
(901 K). The nominal fuel temperature must be the same for all materials in the definition and must be
consistent with the initial standard composition input. Similarly, materials 13 and 14 are defined as the
moderator materials. The temperature (559 K), density (0.76 g/cm3), and soluble boron concentrations (655
ppm) for the reference state must be identical to those of the initial material specifications and must be
identical for all materials defined as moderator.
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READ branch

define fuel 11 12 end

define mod 13 14 end

define crout 20 21 end

define crin 30 31 end

‘reference state

£tf=901 tm=559 dm=.4 cr=0 sb=655 end

‘moderator density branch

dm=.80 cr=0 end

‘moderator density + control rod insertion branch
dm=.80 cr=1 end

‘moderator density + soluble boron (low) branch
sb=20 dm=.8 end

‘moderator density + soluble boron (high) branch
sb=1300 dm=.8 end

‘moderator density + fuel temperature branch
£tf=559 dm=0.8 end

END branch

Fig. 3.1.5: Example BRANCH block input.

In a reactor core, when a control structure (rod, blade, etc.) is withdrawn, the volume occupied by the
structure is replaced by something else. Thus, in a branch calculation with rod insertion and withdrawal, the
material(s) present for both states must be specified. If the reference condition is defined as control rods
withdrawn (i.e., cr = 0), the NEWT geometry model must contain the materials defined by ‘crout’. For a
control rod insertion branch (cr = 1), TRITON exchanges the materials specified in the ‘crin’ definition (30,
31) with corresponding materials in the ‘crout’ definition (20, 21). Conversely, if the reference condition
is defined as control rods inserted (i.e., cr = 1), the NEWT geometry model must contain the materials
defined by ‘crin’. For a control rod withdrawal branch (cr = 0), TRITON exchanges the materials specified in
the ‘crout’ definition with corresponding materials in the ‘crin’ definition. For this reason, unique material
numbers must be paired between crin and crout definitions. For example, consider a zirc-clad B4C control
rod inserted during a control rod insertion branch, with materials 30 and 31 representing the clad and rod
materials, respectively. In the withdrawn position, both the clad and poison materials are replaced by the
moderator. To have consistent definitions of ‘crin’ and ‘crout’, two moderator materials must be defined for
the withdrawn state: one corresponding to the clad material and one corresponding to the rod material.

As mentioned earlier, only one condition keyword is required per branch, but all five may be used. However,
the reference state (branch 0) entry must specify all five conditions. For subsequent branches, when a specific
branch state is not specified, the reference state is used. In the above example, the first entry, branch zero,
specifies the reference state with a fuel temperature of 901 K, moderator temperature of 559 K, moderator
density of 0.4 g/cm?, control rod withdrawn, and a soluble boron concentration of 655 ppm. The second
entry (branch 1) specifies a moderator density of 0.80 g/cm? and the control rod state as withdrawn. Since the
reference state is for a withdrawn control rod, the statement cr = 0 is redundant (but completely acceptable).
The next branch is identical to the previous branch, except that in this case the control rod is inserted. For
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both cases, reference fuel and moderator temperatures were used. In the following branch, the soluble boron
concentration is changed to 20 ppm, and the moderator density is again set to a value of 0.8 g/cm?. In fact,
this moderator density is applied to all five branches. Along with the moderator density change, the soluble
boron concentration is changed to 1300 ppm for the next branch. And finally, in the last branch, in addition to
the moderator density change, the fuel temperature is changed to 559 K. For this case, reference conditions
are used for boron concentration, moderator temperature, and control rod state.

Note that TRITON compares the reference values of fuel temperature, moderator temperature, moderator
density, and soluble boron concentration with the data entered in the COMPOSITION block. TRITON prints
warning messages if the data in the COMPOSITION block and BRANCH block are inconsistent. Also note
that each branch calculation is independent of other branch calculations. Thus, the order in which branch
calculations are computed is not important.

Branch calculations are usually requested for lattice physics analysis, where the objective is to generate a
database of few-group homogenized cross sections for nodal core calculations. Thus, BRANCH blocks
are used in tandem with the NEWT’s COLLAPSE, HOMOGENIZATION, and ADF blocks. With these
blocks of data, TRITON will archive lattice physics data-few-group homogenized cross sections, assembly
discontinuity factors (ADFs), homogenized kinetic parameters, pin powers, and form factors-to a binary
file called xfile016 in the SCALE temporary working directory. An auxiliary text-formatted data file called
txtfile16 is also created in the SCALE temporary working directory. This file format is documented in Sect.
3.1.7.1.

BRANCH block with user-defined Dancolff factors

As previously mentioned in Sect. 3.1.3.1.2, TRITON uses Dancoff factors as part of its cross section
processing calculations. Dancoff factors play an important role in characterizing spatial self-shielding effects.
The XSProc module computes the Dancoff factors based on the CELLDATA input. For a square-pitched
lattice cell example, Dancoff factors are computed by DANCOFF by assuming that the fuel pin is within an
infinite lattice of identical fuel pins. The assumption of an infinite uniform lattice of fuel pins may lead to
inaccurate Dancoff factors for certain configurations such as BWR assembly designs, leading to inappropriate
problem-dependent multigroup cross sections. Moreover, the Dancoff factors may change significantly for
certain branch conditions, such as changing the in-channel moderator density in a BWR assembly.

The TRITON BRANCH block allows the user to specify material-dependent Dancoff factors for various
branch conditions. Branch-specific Dancoff factors may be utilized by defining a new set of material-
dependent Dancoff factors using the d2pset type definition. The set of Dancoff factors may be included in a
branch specification by using the d2p= keyword. The BRANCH block now has the following format.

READ branch
define deftype Il1 I2 ... In end
define d2pset id M1 D1 M2 D2 ... Mn Dn end

tf=fueltemp tm=modtemp dm=moddens sb=boronconc cr=inout d2p=d2pID end

END branch

In the type definition section, the d2pset keyword is followed by a positive integer identifier, which is
subsequently followed by pairs of material identifiers and their user-defined Dancoff factor value. Multiple
material/Dancoff pairs may be entered for a particular set definition, as long as the material identifiers are
unique. Multiple set definitions are allowed, as long as the set identifiers are unique.

The d2p= keyword in the branch specification can be assigned to any set identifier defined in the branch
definition section. If d2p= is utilized, the material/Dancoff pairs in the set definition are applied for the
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given branch condition. The values d2p=0 and d2p=-1 have special meaning. If d2p= is set to 0O, the
material/Dancoff pairs defined in the CELLDATA block are utilized. If d2p= is set to -1, the default MIPLIB-
computed Dancoff factors will be utilized, even if material/Dancoff pairs are defined in the CELLDATA block
using the dan2pitch keyword available there. The nominal (branch 0) condition must use the material/Dancoft
pairs (if defined) in the CELLDATA block; therefore, the first branch specification must not set the d2p
keyword to anything other than zero. (Note: d2p=0 need not be defined for the first branch condition since
this is always the case.)

In Fig. 3.1.6, the BRANCH block from the previous example has been modified to use branch-specific Dancoft
factors. In this example, the nominal branch defines the reference moderator density to be 0.4 g/cm?, and five
branches use a higher moderator density of 0.8 g/cm?. The Dancoff factors for the higher moderator density
condition are different from the reference moderator density. To account for the different Dancoff factors at
the higher moderator density condition, a set of material/Dancoff pairs are defined with the set identifier of
400. In the set, fuel material 11 has a Dancoff factor of 0.4, and fuel material 12 has a Dancoft factor of 0.5.
The set of Dancoff factors is used for the five branch states through the specification of the d2p= keyword to
400.

READ branch

define fuel 11 12 end

define mod 13 14 end

define crout 20 21 end

define crin 30 31 end

define d2pset 400 11 0.4 12 0.5 end

‘reference state

tf=901 tm=559 dm=.4 cr=0 sb=655 end

‘moderator density branch

dm=.80 cr=0 d2p=400 end

‘moderator density + control rod insertion branch
dm=.80 cr=1 d2p=400 end

‘moderator density + soluble boron (low) branch
sb=20 dm=.8 d2p=400 end

‘moderator density + soluble boron (high) branch
sb=1300 dm=.8 d2p=400 end

‘moderator density + fuel temperature branch
tf=559 dm=0.8 d2p=400 end

END branch

Fig. 3.1.6: Example BRANCH block input with Dancoff factors.
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DEPLETION block

The DEPLETION block, used by the four depletion sequences, is simple in concept but performs four
important functions. First, this block specifies the materials for which depletion calculations are to be
performed. In general, it is desirable to perform depletion calculations only for fuel and target materials
of interest. Calculating the depletion of gas gaps, cladding, moderator, or coolant is usually of little value
unless the material contains components that will be significantly depleted with burnup. Additionally, it is not
usually desirable to deplete soluble poisons in reactor coolants. Therefore, the DEPLETION block requires
that the user specify the materials to be depleted. There are no defaults; hence, the block is required for all
depletion sequences.

The second function of the DEPLETION block is to specify the basis to which the model power is normalized.
In general, the average time-dependent power to which an irradiated object is exposed is known. For example,
an LWR fuel assembly discharged from a reactor is known to have operated at certain power levels for one or
more time periods. The individual pins in the assembly will have varying power levels depending on position
and assembly design. In such a case, the basis for the input power is the full assembly. Fluxes computed in
the transport solution will be normalized by TRITON based on reaction rates and energies in all problem
materials (depleted and nondepleted materials) such that the assembly-wide power will match the power
given in BURNDATA block. However, it is often the case in radiochemical assay analysis that the burnup
history of a specific pin is known and isotopic concentrations for that pin are desired. It is still necessary
to model the full assembly in order to properly characterize the fluxes in that pin. In such a case, it would
be advantageous to specify the operating history for the pin instead of the full assembly. When this is done,
the average specific power of the full assembly will be different from that of the pin and will be computed
automatically based on power distributions calculated for the assembly. In other words, powers for other
materials in the assembly will be normalized such that the power in the pin of interest matches that specified
in the BURNDATA block. The material of that pin becomes the basis for power normalization.

Sect. 3.1.3.3.5 below describes the general format of the DEPLETION block that is available to all four
depletion sequences. The third function of the DEPLETION block is an optional function used to specify
ORIGEN solver options and ORIGEN depletion mode for each depletion material. These options are further
described in Sect. Sect. 3.1.3.3.6. The fourth function of the DEPLETION block is to define optional deletion
instructions used to simplify cross section processing using the ASSIGN function. Special provisions have
been made in the 1D and 2D depletion sequence (T-DEPL-1D and T-DEPL) to reduce the number of cross
section processing calculations in order to decrease calculation run-time. The ASSIGN functionality is further
described in Sect. Sect. 3.1.3.3.7.

Basic DEPLETION block format
The basic format of the DEPLETION block is as follows:

READ depletion M1 M2 M3... Mn END depletion

where M; represents the SCALE material numbers for materials to be depleted. As discussed above, the
DEPLETION block can also be used to specify the basis for the input power. Power normalization is
accomplished by prefixing the material number(s) with a negative sign (-). For example, consider a problem
in which materials 1, 2, and 3 are being depleted, but the power for material 1 is known. The DEPLETION
block for this case is

READ depletion
-123
END depletion
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In this case, powers for all materials will be normalized such that the power in material 1 matches the input
power specification in the BURNDATA block.

Note that multiple materials can be used as a power basis. Consider a fuel assembly with three fuel types
represented by materials 1, 2, and 3, and also containing cladding as material 4 and water as material 5. The
following illustrates multiple ways that the power basis for this assembly might be specified and describes
the effect of each specification.

e The assembly-averaged power is normalized to match the input specific power. Power generated by
moderator and clad is included but they are not depleted.

READ depletion
123
END depletion

e The assembly-averaged power is normalized such that the power of material 1 matches the input
specific power.

READ depletion
-123
END depletion

e The assembly-averaged power is normalized such that the average power in materials 1 and 2 matches
the input specific power.

READ depletion
-1-23
END depletion

o The assembly-averaged power is normalized to match input specific powers. TRITON will attempt to
do depletion in cladding and moderator materials too. (Note that cladding and moderator materials
should be depleted using the deplete-by-flux option described in the next subsection).

READ depletion
12345
END depletion

e The assembly-averaged power is normalized such that the average power in materials 1-3 matches the
input specific power. This is not the same as the normalizing specification for an assembly average,
because it neglects contributions of, for example, (n,y) sources in moderator and cladding materials.

READ depletion
-1 -2 -3
END depletion

ORIGEN depletion options

ORIGEN provides two input options for the flux used in the depletion calculation: direct specification of
fluxes (i.e., deplete by flux) or indirect specification of fluxes in terms of power (i.e., deplete by power). The
ORIGEN depletion is based on a known flux; however, it is more often the case that one knows the specific
power in a depletion region rather than the actual flux. When ORIGEN is used in deplete-by-power mode,
ORIGEN will internally determine the corresponding flux from the input-specific power and internal tables
of fission and capture energy releases for the nuclides present and the macroscopic cross sections of those
nuclides. Additionally, at each ORIGEN time interval, ORIGEN recalculates the material power density as
nuclide inventories change. Hence, the deplete-by-power mode will result in a time-varying flux, whereas the
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deplete-by-flux mode will result in a constant flux over the calculation time interval. Since reactors typically
operate at a constant (or nearly so) power level, with varying local fluxes, the deplete-by-power option is
closer to reality. However, the choice of approach is generally not an issue. Significant differences between
calculation results between the two depletion modes would indicate that the TRITON depletion subintervals
are too large.

By default, all TRITON depletion materials use the deplete-by-power mode. However, there exist some
circumstances where deplete-by-flux is more appropriate. In deplete-by-power mode, ORIGEN will often halt
when an attempt to maintain constant power results in a large change in flux between ORIGEN time intervals.
Large changes in flux can occur in media where isotope contents are changing rapidly with time, such as in a
gadolinium-bearing burnable absorber rod, where gadolinium is being rapidly depleted with time. Another
circumstance pertains to activation analysis of nonfuel materials. The flux for these materials is typically
governed by external power sources (i.e., fuel materials located elsewhere in the problem domain) rather than
by internal power sources. Therefore, the deplete-by-flux option is recommended for these materials.

TRITON provides the option to specify deplete-by-flux mode for selected depletion materials using a modified
form of the depletion specification:

READ depletion M1 M2 M3...Mi-1 flux Mi Mi+l... Mn END depletion

Materials preceding the flux keyword are depleted using the deplete-by-power mode; materials following
the flux keyword are depleted using the deplete-by-flux mode. For example, consider a problem in which
materials 1-6 are to be depleted, but materials 3 and 4 represent nonfuel materials that do not contribute
significantly to the total power and are therefore to be depleted assuming constant flux. The DEPLETION
block for this situation could be specified as follows.

READ depletion 1 2 5 6 flux 3 4 END depletion

The DEPLETION block also supports the specification of the ORIGEN calculation method. The default
option is solver=matrex, which represents the matrix exponential option. The other option is solver=cram,
which represents the new CRAM solver option in ORIGEN. An example depletion specification for the cram
solver is as follows.

READ depletion 1 2 5 6 flux 3 4 solver=cram END depletion

Cross section processing simplification using ASSIGN

When depleting a large number of fuel materials, considerable time may be spent in the cross section
processing calculations prior to the multigroup transport calculation. Fuel assembly designs may require
20-200 unique depletion materials across the different fuel pins in the assembly. In such cases, an assembly
model may require hours of run-time for each pin-wise cross section processing calculation in order to
perform a 10-minute transport solution.

Although highly rigorous, such a cross section processing process is extremely burdensome for depletion
calculations, especially if branch calculations are requested. To reduce run-time, the 2D depletion sequence
(T-DEPL) provides the option to group depletion materials together such that they are tracked independently
in the depletion calculation but use a common set of microscopic cross sections. The microscopic cross
sections for a given depletion group are computed using the average composition of all the depletion materials
within the group. Typically, this grouping is applied to fuel pins of identical initial composition. Although
the nuclide number densities of such pins will diverge with burnup as a function of location within an
assembly, the cross sections of these pins are well represented by a single pin cell calculation with an average
composition representative of all these pins.
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Although the material grouping option introduces approximations in the cross section processing calculations,
which in turn affects the transport and depletion calculations, internal investigations have shown that solution
accuracy can be maintained for a wide range of assembly designs while significantly improving the run-time.

The alternate format of the DEPLETION block for simplified cross section processing is as follows.

READ depletion M1 M2 M3... Mz END

assign N1 Ma Mb ... Mx end
assign N2 Mf Mg ... My end
assign Nn Mj Mk ... Mz end

END depletion

Similar to the basic format, each material designated for depletion (Mj) is listed after READ depletion and
before the END keyword. Each designated depletion material must be present in the 2D NEWT model.
After the first END keyword, the alternate format contains a list of material “assignments” used to simplify
cross section processing for a group of depletion materials. The material assignments begin with the assign
keyword and terminate with the end keyword. After the assign keyword, a unique representative material
identifier (Nj) is defined. The representative material is associated with the group of depletion materials
that immediately follows in the assign definition. The representative material identifier is used in the
COMPOSITION and CELLDATA blocks to define the initial composition, temperature, and cell definition for
the group of depletion materials. Thus, the assign definitions in TRITON are currently constrained such that
each depletion material group must have the same initial composition. After the last assign definition, the
depletion block is terminated with END depletion.

Only depletion materials may be assigned to representative materials. The group of depletion materials
assigned to a particular representative material must not appear in the COMPOSITION and CELLDATA
blocks.

The use of material assignments is best illustrated by an example. Fig. 3.1.7 shows a complete T-DEPL input
that uses material assignments. A 2D plot of the model is shown in Fig. 3.1.8. In this example, two fuel
materials are defined as materials 1 and 2 in the COMPOSITON block. In the DEPLETION block, the list of
depletion materials includes materials 1, 20, 30, and 40. Depletion materials 20, 30, and 40 are “assigned” to
representative material 2. Material 2 does not appear in the depletion list or the transport model; materials 20,
30, and 40 do. But only material 2 is defined in the COMPOSITION and CELLDATA blocks. In the transport
model, four units are defined, one for each material. An array is used to place each unit in its own location.

The initial calculation uses material 2 to define the compositions of materials 20, 30, and 40, since all are
initially identical. Microscopic cross sections computed for material 2 are used for each of the three assigned
depletion materials during the transport calculation and the depletion calculation. After the first depletion
calculation, materials 20, 30, and 40 will have different isotopic concentrations because of different locations
in the nonsymmetric transport model. At this time, the number densities in each of these three materials are
averaged and used to update the concentration of representative material 2. A new set of cell calculations will
be performed for materials 1 and 2; this will be followed by a transport calculation that uses the microscopic
cross sections for material 2 along with local nuclide number densities for materials 20, 30, and 40 to calculate
new and unique macroscopic cross sections for each. The transport and subsequent depletion calculation are
then run. The iterative process will continue until all depletion steps have been completed.
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=t-depl
example of assigns
v7-238
READ comp
' 2.3 w/o
u-235 1 0 5.2968e-04 900 end
u-238 1 0 2.2208e-02 900 end
0-16 1 0 4.5491e-02 900 end
3.6 w/o
u-235 2 0 8.2904e-04 900 end
u-238 2 0 2.1907e-02 900 end
0-16 2 0 4.5497e-02 900 end
'Clad nat. zr per spec.
zirc4 101 den=6.53 1 559 end
zirc4 102 den=6.53 1 559 end
lutr mod
h2o 201 den=0.457 1.0000 559 end
h2o 202 den=0.457 1.0000 559 end
END comp
READ celldata
latticecell squarepitch pitc
latticecell squarepitch pitch:
END celldata
READ depletion 1 20 30 40 END
assign 2 20 30 40 END
END depletion
READ burndata
power=25.0 burn=300 nlib=5 end
END burndata
READ model
simple 2x2 array
READ parm
sn=4 drawit=yes echo=yes collapse=yes epsilon=le-3 cmfd=yes xycmfd=2
END parm
READ materials
mix=1 pn=1 end

o

o

.63 201 fuelr=0.529 1 cladr=0.615 101 end
.63 202 fuelr=0.529 2 cladr=0.615 102 end

mix=20 end
mix=30 end
mix=40 end

mix=101 pn=1 com='Zirc4’ end
mix=201 pn=2 com='H20’ end
END materials
READ geom
unit 1
cuboid 1 1.63 0.0000 1.63 0.0000
cylinder 2 0.615 origin x=0.815 y=0.815
cylinder 3 0.529 origin x=0.815 y=0.815
media 201 1 1 -2
media 101 1 2 -3
media 113
boundary 1 3 3
unit 2
cuboid 1 1.63 0.0000 1.63 0.0000
cylinder 2 0.615 origin x=0.815 y=0.815
.815 y=0.815

cylinder 3 0.529 origin x
media 201 1 1 -2
media 101 1 2 -3
media 20 1 3
boundary 1 3 3
unit 3
cuboid 1 1.63 0.0000 1.63 0.0000
cylinder 2 0.615 origin x=0.815 y=0.815
cylinder 3 0.529 origin x=0.815 y=0.815
media 201 1 1 -2
media 101 1 2 -3
media 30 1 3
boundary 1 3 3
unit 4
cuboid 1 1.63 0.0000 1.63 0.0000
cylinder 2 0.615 origin x=0.815 y=0.815
cylinder 3 0.529 origin x
media 201 1 1 -2
media 101 1 2 -3
media 40 1 3
boundary 1 3 3
global unit 50
cuboid 1 3.26 0.0 3.5 0.0
array 1 1 place 1 1 0 0
media 201 1 1
poundary 1 6 6
END geom
READ array
ara=1 nux=2 nuy=2 pinpow=yes fill 1 2
3 4 end fill

END array
READ bounds
all=refl
END bounds
END model

END

Fig. 3.1.7: Example input with material assignments.

135



1

W
o oo

101 zirc4
201 h2o

[ |
H
|
L]
0
O

Fig. 3.1.8: Example 2D model plot of material assignments.

The use of assignments can make a considerable difference in run-time performance with minimal sacrifice in
accuracy. The above example ran 1.8 times faster using the assignment of three similar pins to one initial
specification. A larger BWR calculation, in which 41 pin positions were depleted independently, was run
in an assessment of the accuracy of the method. Using this approach, the simplified representation ran
20 depletion steps in 20% of the time required for the explicitly modeled cells. Fig. 3.1.9 shows a comparison
of the eigenvalues using the simplified (with assignments) and explicit (without assignments) models. Also
shown on the figure is the percent difference between the approximate and explicit models. For this model,
the error in k. remains well below 0.05%.

Note that one can combine depletion mode control with material assignments, as follows.

READ depletion 1 2 5 6
flux 3 4 end
assign 11 1 2 end
assign 12 3 4 end
assign 13 5 6 end
END depletion
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Fig. 3.1.9: Eigenvalue comparison of simplified cross section processing example.

TIMETABLE block

In many depletion analyses, material properties can change due to influences outside the depletion process
(e.g., boron letdown in pressurized water reactors [PWRs], the insertion or removal of poisons during or
between fuel cycles, or changes in temperatures of materials with time). The TIMETABLE block has been
provided to allow modification of properties during a depletion calculation. Timetables may be entered for
any material or for selected nuclides within a material and allow changes in number densities or temperatures.
Timetables may also be entered to swap a material in and out of the geometry during depletion. Continuous
feed and/or removal to/from mixtures during depletion can be enabled for analysis of systems with flowing
fuel.

The TIMETABLE block takes the following general format.

READ timetable
[time dependent specifications for a given material]
[time dependent specifications for a given material]
[time dependent specifications for a given materiall]
END timetable

Four different material specifications are allowed to modify temperature, density, swap materials, or fractional
removal/continuous feed of nuclides from/to materials.

137




Temperature and density

Temperature timetable entries are specified in the format

temperature I tl K1 t2 K2 t3 K3...tC KC end

where
I = material ID number;
t; = time (days) in calculation where temperature Kj is set, i = 1 to C;
K; = temperature (in K) of specified materials at time #, i = 1 to C;
C = number of time steps.

Density entries have an analogous specification, with the addition of a couple of extra terms:

density I M N1 N2 N3 ... NM t1 D1 t2 D2 t3 D3...tC DC end

where
I = material ID number;
M = number of nuclides to which this change is applied;
N; = nuclide ID for the iy, nuclide in the list, i = 1 to M;
t; = time (days) in calculation where density multiplier D; is set, i = 1 to C;
D; = density multiplier (fractional change) of specified nuclides at time ¢, i = 1 to C;
C = number of time steps.

In both formats, time and data (temperature or density multiplier) must be entered in pairs. Note that density
changes may be applied to specific nuclides, while for temperature the change must be applied to all nuclides
within the material simultaneously. If M (the number of nuclides for which the density is to be modified)
is specified as 0 and no nuclide IDs are entered, then the timetable values are applied to all nuclides in the
material.

Note that timetable entries are specified at distinct times in the calculation. These times are measured relative
to the beginning of the calculation and are continuous (as opposed to BURNDATA entries, which give burn
times or down times in increments per depletion interval). The initial timetable entry should always begin at
t=0 days. To allow for time-dependent changes in properties, TRITON applies linear interpolation between
data pairs. To hold a parameter constant over a time interval, that parameter should be specified at the same
value at both the beginning and the end of this time interval.

The application of timetable entries is best illustrated by example. Consider the depletion scheme described
by the following BURNDATA block which contains three depletion intervals:

READ burndata

power=26.54 burn=121.0 nlib=3 end
power=38.01 burn=201.5 down=30 nlib=2 end
power=31.44 burn=386.25 down=1826.25 end
END burndata
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Assume that the moderator, material 3, has temperatures and boron concentrations that vary over the three
depletion intervals in the following manner:

Interval Boron concentration (ppm) Temperature (K)
BOC EOC
1 1000 100 615
2 1250 130 685
3 980 100 610
READ timetable 690 14
temperature 3 680
0.0 615 12
:I_ 2 l X O 6 l 5 670 —O—Tem?erature
=i—Density 1 .
121.01 685 660 2
322.5 685 s Z
2 0.8
352.5 610 : g
738.75 610 end g s40 0s £
density 3 2 5010 5011 € 0 g
0.0 1.0 04 8§
121.0 0.1 620
121.01 1.25 610 < 02
322.5 0.13 600 0
352 . 5 O . 98 0 100 200 300 400 500 600 700 800

738.75 0.1 end
END timetable

Time (days)

Fig. 3.1.10: Example temperature and density TIMETABLE block input.

Note: It is important to note that time-dependent changes to temperatures and number densities are not
applied continuously over the depletion calculation, but instead are applied only at the times at which cross
section processing and transport calculations are performed - that is, the midpoint of the depletion subintervals.
The user must determine the accurate depletion scheme specific to his or her application to accurately model
time-dependent changes in system properties.

Density timetable specifications can be used to effectively exchange compositions of a single material. One
may construct a compound material comprised of two distinct materials at their design densities; a timetable
specification can be used to set the density multiplier to 1.0 for the nuclides initially present and to use a
multiplier of 0.0 for all nuclides in materials that are not intended to be present at time zero. The timetable can
then affect the exchange by changing the multipliers from O to 1, and from 1 to 0, at the time of the material
exchange. One must bear in mind that timetable processing within TRITON performs linear interpolation
between time points; if the exchange is intended to occur at a specific moment in time, then the timetable
should be set up with the exchange occurring within a very short period. Moreover, it is important to note that
material exchanges for two materials that have common nuclides are more difficult to model. For example, a
B,4C absorber material and borated H,O moderator material both contain boron nuclides in common. In order
to exchange the B4C absorber material and the borated HoO moderator material, the carbon, oxygen, and
hydrogen density multipliers would be O or 1, but the boron density multipliers would need to be derived
from the boron concentrations in both materials.
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Material swap

Material exchange timetables offer another option to users to exchange one material with another material
during depletion calculations.

Material exchange timetable has a similar format to temperature timetables:

swap I1 I2 tl S1 t2 S2 t3 S3...tC SC end

where
11 = first material ID
I2 = second material ID
t; = time (days) in calculation where swap ID is set, i = 1 to C;
Sj = swap value 0/1 at time #j, i = 1 to C;
C = number of time steps.

The first two entries in the timetable specify the material IDs for swap materials. The remaining entries are
entered in pairs: the first pair value is a time value, the second pair value is either “0” or “1”. “0” instructs
TRITON to model the swap materials as defined in the nominal model. “1” instructs TRITON to swap the
materials (swap every I/ for every I2 and swap every I2 for every I1). The swap state persists until the next
time entry in the timetable. For the last time entry in the timetable, the swap state persists for the duration of
the calculation. For example:

read timetable
swap 56 00 100 1 200 ® end
read timetable

e Do not perform the material swap on the interval [0, 100],
e Perform the material swap on the interval [100, 200], and
e Return to the nominal state at time 200 days until the duration of the calculation.

Depending on the BURNDATA specification, there may be one or more depletion/decay steps between
timetable entries. Moreover, for accurate depletion modeling, material exchanges must not occur during a
depletion subinterval. If a material exchange occurs during a depletion interval, TRITON will subdivide
the depletion subinterval at the time of the material exchange. Extending the example above, assume the
BURNDATA block is as follows:

read timetable
swap 56 00 100 1 200 ® end
read timetable
read burndata
power=40 burn=300 nlib=4 end
end burndata

Without the material exchange table, the depletion subintervals are [0, 75], [75, 150], [150, 225], and [225,
300]. With the material exchange table, the subintervals are:

e [0, 75] — Swap value is 0
e [75, 100] — Swap value is 0

e [100-150] — Swap value is 1, i.e. materials 5 and 6 swap definitions
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e [150-200] — Swap value is 1, i.e. materials 5 and 6 swap definitions
e [200-225] — Swap value is 0, materials 5 and 6 return to their original definitions
e [225-300] — Swap value is 0

As a limitation of the material exchange timetable, if a depletion material is removed from the geometry, the
isotope concentrations at the time of removal are stored in-memory, and then reused upon re-entry into the
geometry. In other words, the depletion material does not undergo radioactive decay for the period of time
outside the problem geometry.

Material flow

To allow modeling of systems with flowing fuel, TRITON offers a FLOW block which permits fractional
removal and continuous feed from/to mixture. When this block is requested, TRITON makes use of
ORIGEN’s capability for feed and removal from/to mixtures, including the decay of nuclides removed
from the system. Detailed information about the feed and removal to simulate flowing fuel can be found in
[TRITONVBWEF20], [TRITONBPW17], [TRITONBPBR17].

Eq. (5.1.1) from the ORIGEN part of the manual (Sect. 5.1.3) is as follows when explicitly adding a removal
rate A; ro,n and acknowledging the feed rate S;:

dN;

0 = 2 G + fio N (1) = (i + Ay + ) Ni(D) + 8 (1) G.1.1)

J#i
where
e N; = amount of nuclide i (atoms),
e 1; = decay constant of nuclide i (1/s),
o J;rem = removal constant defining the continuous removal of nuclide i (1/s),
e [;j = fractional yield of nuclide i from decay of nuclide j,
e 0 = spectrum-averaged removal cross section for nuclide i (barn),
e fij = fractional yield of nuclide i from neutron-induced removal of nuclide j,
e @ = angle- and energy-integrated time-dependent neutron flux (neutrons/cm?-s), and
e §; = time-dependent source/feed term (atomsy/s).

The FLOW block can consider two scenarios: (1) continuous feed into a mixture and (2) fractional removal
from one mixture into another. In the case of the continuous feed, the feed rate (source) must be specified by
the user. In the case of the fractional removal of a nuclide from material 1 to material 2, the removal rate
(removal constant) for material 1 is specified. The removed nuclides from material 1 are then considered as
source for material 2.

The following FLOW block enables continuous feed of nuclides into a mixture:

read timetable
flow
to I2
type continuous_feed
units [pers or gpers]

nuclides [N1 N2 ... NM] end

rates [R1 R2 ... RM] end

time [t1 t2 ... tC] end

multiplier [f1 f2 ... £C] end
end flow

end timetable
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The following FLOW block enables fractional removal of nuclides from one mixture to another:

read timetable
flow
from I1 to I2
type fractional_removal
units [pers or gpers]

nuclides [N1 N2 ... NM] end

rates [R1 R2 ... RM] end

time [tl t2 ... tC] end

multiplier [f1 £2 ... fC] end
end flow

end timetable

The input parameters are as follows:

e [ = mixture ID

from (to) = identifier from which mixture nuclides are removed (from I1) and to which mixture they
are added (to 12)

e fype = type of addition or removal of nuclides from/to mixture:
— fractional_removal requires from and to
— continuous_feed requires to and does not permit from
e units = pers or gpers unit of the flow rate constant used:
— for flow blocks with flow from a mixture fo another mixture: pers (1/second)
— only flow o a mixture: gpers (grams/second)
e M = number of nuclides to which change is applied
e N; = nuclide ID for the iy, nuclide in the list, i = 1 to M
e R; = rates for the iy, nuclide in the list, i = 1 to M

e f; = time (days) in calculation where multiplier fj is set, i = 1 to C, t1 must be 0.0

fj = multiplier to vary specified flow rate (based off the initial flow rate) at time 7, i =1to C
o (C = number of time steps.

If nuclides are transferred from mixture 1 into mixture 2, but mixture 2 is not part of the system (e.g.,
contained in a loop outside the reactor), then the decay of the nuclides in this mixture can still be considered
by specifying keyword decayonly in the DEPLETION block.

The following is an example in which xenon is transfered from mixture 1 to mixture 2, and the decay of
nuclides in mixture 2 is enabled in the DEPLETION block:

read depletion
-1 decayonly 2
end depletion

read timetable
flow
from 1
to 2
type continuous_feed
units pers

(continues on next page)
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(continued from previous page)

nuclides xe end

rates 2e-2 end

time 0.0 end

multiplier 1.0 end
end flow

end timetable

OPUS block

The OPUS module of SCALE is fully documented in the OPUS chapter of the SCALE manual. OPUS
provides the ability to extract specific data from ORIGEN output libraries, perform unit conversions, and
generate plot data for post-calculation analysis. In essence, OPUS is an ORIGEN post-processor that provides
data in the desired form for a desired subset of nuclides. TRITON by default calls OPUS to extract nuclide
concentrations for selected nuclides for all depletion materials and for the most important nuclides. TRITON
provides the capability to specify the full set of OPUS commands to tailor OPUS calculations to obtain
specific information. TRITON allows a stacked set of OPUS calculations in order to retrieve selected data for
selected nuclides.

The content of the OPUS block is based on standard OPUS input parameters, as described in the OPUS
chapter; the details of OPUS control and use are not repeated here. However, additional input is necessary
to support TRITON operations with OPUS, because TRITON enables additional capabilities beyond those
provided for in standard OPUS input. For example, OPUS is designed to process the output file from a single
ORIGEN calculation; because ORIGEN is a point depletion solver, the output represents data from a single
material. TRITON is typically used to perform multiple depletion calculations at each depletion step-one
calculation for each material being depleted. Hence, multiple OPUS calculations are needed to obtain results
from multiple materials. The OPUS calculations are performed automatically by TRITON but require the
user to specify the materials for which OPUS processing is desired. Additionally, TRITON supports stacked
OPUS cases within the READ OPUS data block; hence, keywords are introduced to separate stacked cases.

There are two alternatives available to SCALE users that are complimentary to the OPUS block within
TRITON. First, standalone OPUS case(s) can be used to post process the ORIGEN binary concentration file
(.f71 extension). This file is automatically saved in the output directory with the file name ${OUTBASENAME} .
£71. (e.g. if the input file is reactor.inp, the concentration file is saved in the output directory as reactor.f71)
Second, the user may also open the concentration file within Fulcrum to enable similar post-processing
capabilities.

Selection of materials for OPUS processing

Beyond standard OPUS input keywords (see OPUS chapter), TRITON reads a mat/= keyword to allow speci-
fication of ID number(s) for the material(s) in the problem for which outputs are desired. The matl=. .. end
input keyword accepts one or more materials from the DEPLETION data block for which OPUS processing
is desired. If omitted, OPUS processing will be performed for all materials in the DEPLETION block. For
example, consider the following DEPLETION and OPUS data blocks:

READ depletion 1 2 3 4 5 6 END depletion

READ opus

units=gram symnuc=u-234 u-235 u-236 u-238 pu-238 pu-239
pu-240 pu-241 pu-242 pu-243 np-237 end

time=year

END opus

In this example, OPUS processing will be performed for all depletion materials, 1-6. Adding a subset of
materials using the matl= keyword, for example.
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READ depletion 1 2 3 4 5 6 END depletion

READ opus

units=gram symnuc=u-234 u-235 u-236 u-238 pu-238 pu-239
pu-240 pu-241 pu-242 pu-243 np-237 end

time=year

matl=1 2 3 end

END opus

will result in OPUS calculations for materials 1, 2, and 3 only.

Although ORIGEN calculations are performed only for individual materials, TRITON provides the capability
of combining the results of all or a subset of all depletion materials to get a multimaterial average set of
ORIGEN responses. TRITON provides two special ID numbers for combining material results. Specification
of material ID 0 will return system-averaged results for the entire set of depletion materials (typically, all fuel
elements in a depletion model). Specification of material -1 returns the average of only those materials with
ID > 0 present in the matl= list. Again, this is best illustrated by example. Specification of the data blocks

READ depletion 1 2 3 4 5 6 END depletion

READ opus

units=gram symnuc=u-234 u-235 u-236 u-238 pu-238 pu-239
pu-240 pu-241 pu-242 pu-243 np-237 end

time=year

matl=1 2 3 @ -1 end

END opus

will result in five OPUS calculations and five sets of results-one for each of materials 1, 2, and 3, one for the
average of materials 1-6 (due to input of material ID 0), and one for the average of materials 1-3 (due to
input of material ID —1).

Specification of stacked OPUS cases

In a given calculation, multiple output units may be desired (e.g., grams, curies, and watts), or multiple time
scales (e.g., seconds and years), or a combination of these or other parameters. TRITON provides the ability
to stack inputs such that multiple cases may be run within a single TRITON calculation. In order to stack
cases, the keywords new case are entered in the input stream. Any parameters following these keywords are
used to define a new OPUS case.

There is no limit on the number of stacked cases that may be input; however, the matl= specification may be
used only in the first case. OPUS calculations are run for each of the materials in this list, for all cases.

Consider a depletion calculation where gadolinium pins are present in the assembly design. One may wish
to determine the quantities of gadolinium nuclides from the initial poison rods (tracked as a light element
by ORIGEN within TRITON) and from fission (tracked as a fission product by ORIGEN). One may also
need masses of selected actinides as well as the total (a,n) reaction rate. Fig. 3.1.11 shows how the new
case keyword set is used to define unique OPUS calculations. In this example, the new case keywords are
shown in upper case and on a line by themselves, but this has been done only for readability. The text may be
entered in lower case and on the same line as other keywords. Note, however, that the matl= specification is
given only in the first case. All OPUS calculations will be performed for materials 1, 2, and 3 and for the
average of these three materials.
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READ opus
matl=1 2 3 -1 end
units=grams time=year typarms=nucl libtyp=lite
title= Masses of gadolinium from poison rods
symnuc=gd-154 gd-155 gd-156 end
NEW CASE
units=grams time=year typarms=nucl libtyp=fiss
title=Masses of gadolinium fission products
symnuc=gd-154 gd-155 gd-156 end
NEW CASE
units=grams time=year typarms=nucl libtype=act
title=Masses of actinides
symnuc=u-232 u-233 u-234 u-235 u-236 u-238 np-236 np-237 pu-236
pu-238 pu-239 pu-240 pu-241 pu-242 pu-243 pu-244 am-241
am-242m am-243 cm-242 cm-243 cm-244 cm-245 cm-246 cm-247
cm-248 ra-226 ra-228 ac-227 th-229 th-230 th-232 cf-252 end
NEW CASE
libtype=all time=year
title=alpha,n emission rate
typarams=anspec units=particles
END OPUS

Fig. 3.1.11: Example OPUS block input.

FGXS block

The 3D TRITON depletion sequences which use Shift in CE mode for the transport calculations (T5-DEPL-
Shift, T6-DEPL-SHIFT) provide the capability to generate lattice-physics data for nodal core calculations
based on complex 3D geometries. The use of CE data avoids any approximations due to MG cross section
processing and it allows the generation of nodal data in arbitrary group structures.

The generation of nodal data in a TRITON-Shift input is requested through the FGXS block. The general
input format of this block is as follows:

read fgxs
energy id=<NUM> <E®> <E1> ... <EN> <EN+1> end
<tallytype> id=<NUM> [options]
shape <type> id=<NUM> [dimensions]
[ mesh <type> id=<NUM> [definition] ]
end fgxs

o id: Integer identifier of the requested nodal data set. Multiple sets of data can be requested, and the id
allows the association of parameters to one specific set.

o energy: Energy group boundaries [eV] in increasing order, including the uppermost and lowermost
boundaries. For an N-group structure, N+1 boundaries need to be provided.

o <tallytype>: The type of requested tally. The only supported type is currently tallyset t16 to request
the full set of nodal data.

o shape: Either the name of one of the permitted cell shapes [cuboid, rhexprism] or keyword global
to request data on a mesh over the entire geometry. The use of global requires a mesh record. All
dimensions are provided in cm.
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o mesh: Gobal mesh definition in case of a global shape. See details below.

Global energy and tallytype definition

If multiple sets of nodal are requested within one FGXS block, and if the same type of tally in the same
energy group structure is desired for all tallies, a global energy definition and the tallytype can be defined.
The energy and tallytype id can be set to O (id=0) and is then valid for all other defined tallies. The energy
and tallytype definition can then be skipped for the individual tallies (see Example 5 below).

Shapes
The supported shapes follow the following input syntax:

1. cuboid:

’shape cuboid id=<NUM> <xmax> <xmin> <ymax> <ymin> <zmax> <zmin> ‘

2. rhexprism:

’shape rhexprism id=<NUM> hpitch=<hpitch> <zmax> <zmin> origin x=<x0> y=<y0> ‘

3. global:

’shape global id=<NUM> ‘

with the following parameters:

o <xmax>, <xmin>, <ymax>, <ymin>, <gmax>, <zmin>: minimum and maximum X-, y-, Or z-
coordinates [cm]

e hpitch=<p>: half-pitch [cm] in case of the hexagon

e origin x=<x0> y=<y0>: coordinates in the global unit coordinate system for the center of the defined
shape [cm]

Meshes

Global meshes are superimposed over the entire geometry. The half pitches of the mesh needs to be provided,
the origin of the mesh (the origin of the central mesh cell), and the axial discretization.

At this point, only square lattices and rotated hexagonal lattices are supported:

1. square:

’mesh square id=<NUM> hpitch=<p> origin x=<x0> y=<y0> dz <zl> ... <zM> end

2. hexagonal

’mesh hexagonal id=<NUM> hpitch=<hpitch> origin x=<x0> y=<y0> dz <zl> ... <zM> end

with the following parameters:
e hpitch=<p>: half-pitch of the lattice [cm]

o origin x=<x0> y=<y0>: <x0> and <y0> are coordinates in the global unit coordinate system in which
to place the center of a lattice element [cm]. Lattice elements are repeated in the negative-x, negative-y,
positive-x, and positive-y directions to fill the global unit.
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o dz <zl> ... <zM>: definition of the relative axial mesh widths. Each <zi> value must be positive, and
the sum of all <zi> values must be 1.0. M entries in the dz-list will create M axial zones. The axial
zone boundaries is determined by the relative mesh widths and the bottom and top axial boundaries of
the global unit.

Output

On overview of the requested nodal data is provided in the output file:

Nodal FGXS Tally Summary

Tally ID=30
tally spatial type: MESH
tally boundary: RHEXPRISM
energy grid: 2e+07,0.625,1e-05
volume mesh inscribed radius: 0.500000
volume mesh center: -0.288675,-0.5
volume mesh planes z: -1e-06,0.9,1
volume tallies: absorption,fission,flux,kappa_sigma,nu_delayed_fission,nu_fission,transfer_1n,transfer_2n,
—transfer_3n, transfer_4n
volume tallies on isotopes (nuclide id/reaction mt): 1001/18, ... , 96245/1018
fine energy grid: 2e+07,... , le-05
fine energy grid volume tallies: flux,absorption,fission,transfer_In,transfer_2n,transfer_3n,transfer_4n
volume tally name (shift): mesh_nodal_tally_t16_30
num tally energy groups: 2
num tally mesh rings: 2
num tally fine energy groups: 1000

Tally ID=40

The t16 output file names are composed of the ${BASENAME} of the input file, the tally id, the mesh ids in
case of global meshes, and they have the ending t16.

Example 1:
The following block requests nodal data in a cuboid within the interval x=/2, -5], y=[8, -5], z=[2.5, 0].

read fgxs
energy id=1 le-5 0.625 20E6 end
tallyset tl16 id=1
shape cuboid id=1 2 -5 8 -5 2.5 0

end fgxs

One output file with name $ {BASENAME}.id1.t16 will be generated.
Example 2:

The following block requests nodal data in a rotated hexagon with half pitch of 1.25 cm, in the axial zone
z=[2,-2]. The center of the hexagon is located at (x,y,z) = (10.0, 0.5, 0.0).

read fgxs

energy id=2 le-5 0.625 20E6 end

tallyset tl16 id=2

shape rhexprism id=2 1.25 2.0 -2.0 origin x=10 y=0.5
end fgxs

One output file with name $ {BASENAME)}.id2.t16 will be generated.

Example 3:
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The following block requests nodal data in a square lattice that stretches over the entire geometry. The half
pitch of the square lattice is 0.8 cm and the origin is at (x,y) = (0,0). Nodal data is requested for 2 axial zones
of equal height.

read fgxs
energy id=3 le-10 0.625 20e6 end
tallyset tl16 id=3
shape global id=3

mesh square
end fgxs

id=3 hpitch=0.8 origin x=0 y=0 dz 0.5 0.5 end

Multiple files named § { BASENAME}).id3-<x>-<y>-<z>.t16 will be generated.
Example 4:

The following block requests nodal data in a rotated hexagonal lattice that stretches over the entire geometry.
The half pitch of the hexagonal lattice is 0.5 cm and the origin is at (x,y) = (-0.288675,-0.5). Nodal data is
requested in two axial zones, the lower zone stretching over 90% of the geometry, the upper zone covering
the upper 10% of the geometry.

read fgxs
energy id=4 1E-5 0.625 20E6 end
tallyset tl16 id=4
shape global id=4

mesh hexagonal id=4 hpitch=0.5 origin x=-0.288675 y=-0.5 dz 0.9 0.1 end
end fgxs

Multiple files named $ {BASENAME}).id3-<ii>-<jj>-<kk>.t16 will be generated. The output files contains
an overview of all file names with the corresponding (X,y)-origin of the cells and the axial range. A visual
representation of the mesh superimposed on the geometry indicates the centrl cell and the cells for which
nodal data was generated.

T16 file summary for hex mesh tally id=4

Apothem (inner radius): 0.5 cm
Number of rings: 2
Grid size: 5

basename.id4-<II>-<JJ>-<KK>.t16 X y zmin Zmax
basename.id30-02-04-01.t16 -1.15470e+00 0.00000e+00 -1.00000e-06 9.00000e-01
basename.id30-02-04-02.t16 -1.15470e+00 0.00000e+00 9.00000e-01 1.00000e+00
basename.id30-03-03-01.t16 -2.88675e-01 -5.00000e-01 -1.00000e-06 9.00000e-01
basename.id30-03-03-02.t16 -2.88675e-01 -5.00000e-01 9.00000e-01 1.00000e+00
basename.id30-03-04-01.t16 -2.88675e-01 5.00000e-01 -1.00000e-06 9.00000e-01
basename.id30-03-04-02.t16 -2.88675e-01 5.00000e-01 9.00000e-01 1.00000e+00
basename.id30-04-02-01.t16 5.77350e-01 -1.00000e+00 -1.00000e-06 9.00000e-01
basename.id30-04-02-02.t16 5.77350e-01 -1.00000e+00 9.00000e-01 1.00000e+00
basename.id30-04-03-01.t16 5.77350e-01 0.00000e+00 -1.00000e-06 9.00000e-01
basename.id30-04-03-02.t16 5.77350e-01 0.00000e+00 9.00000e-01 1.00000e+00
basename.id30-04-04-01.t16 5.77350e-01 1.00000e+00 -1.00000e-06 9.00000e-01
basename.id30-04-04-02.t16 5.77350e-01 1.00000e+00 9.00000e-01 1.00000e+00
/ \
_____ / 05 \
/ \ 05 /
_____ / 04 ————/
/ \ 05 / \
03 05 \

(continues on next page)
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#### mesh origin cell
*%%% tally cells

<II> cell column/x-index
<JJ> cell row/y-index

Example 5:

The following block requests three sets of nodal data for different cuboids. The energy group definition and
the tallyset are only defined once and apply to all defined tallies.

read fgxs
energy id=0 le-5 0.625 20E6 end
tallyset t16 id=0
shape cuboid id=10 1.0 -1.0 5.0 -5.0 1.0 0.1
shape cuboid id=20 2.0 -2.0 6.0 -6.0 2.5 1.2
shape cuboid id=30 3.0 -3.0 7.0 -7.0 5.0 2.0

end fgxs

TALLIES and DEFINITIONS block

Since SCALE 6.3, a TALLIES input block and a DEFINITIONS input block can be used with CSAS-Shift and
TRITON-Shift for flexible definition and output control of mesh tallies. The mesh responses for neutron flux,
the neutrons produced from fission, and the fission rate (new since 6.3) can be requested on different spatial
and energy grids. The syntax is very similar to the corresponding blocks used in the MAVRIC sequence.

The input parameters previously used to request these responses (i.e., gfx, cds, and fis) are still permitted
in SCALE 6.3, but it is recommended to use the new input. The new input further permits the mesh tally
responses based on different spatial grids and energy grids within one calculation, whereas previously only
one spatial and energy grid was permitted per calculation.

DEFINITIONS BLOCK

The new definitions input block allows multiple spatial grids to be defined using the gridGeometry keyword
and multiple energy grids to be defined using the energyBounds keyword. The syntax for defining a
gridGeometry inside a definitions block is the same as defining a standalone grid at the root level of input
(see Sect. 8.1.3.14). The syntax for defining energyBounds is already used for defining energy grids in the
MAVRIC sequence (see Table 8.2.12).
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In addition to specifying a list of individual energy group boundaries, equal-width energy bins and equal-
width lethargy bins can also be requested. In continuous-energy mode, a special default keyword allows
modification of the default energy group structure previously defined with the NGP parameter and/or the
standalone energy block. For example, TRITON-Shift can use these energyBounds to tally flux and cross
sections for depletion calculations.

The following examples demonstrate how the DEFINITIONS block in TRITON is used.

read definitions

read grid 1
xlinear 30 -10 70
ylinear 10 -20 60
zlinear 50 -30 40
end grid

read grid 2
numxcells=10 xmin=-18.5 xmax=+68.5
numycells=25 ymin=-28.5 ymax=+58.5
numzcells=10 zmin=-38.5 zmax=+48.5
end grid

' global energy grid, default is 252g in CE mode, but can be modified here
energyBounds default
bounds 2e7 0.625 le-5 end
end energyBounds

' user specified energy grid
energyBounds 1
bounds 2e7 0.625 le-5 end
end energyBounds

' user specified energy grid using equal-energy bins
energyBounds 2
linear=10 le-5 2e7
end energyBounds

' user specified energy grid using equal-lethargy bins
energyBounds 3
logarithmic=10 le-5 2e7
end energyBounds

end definitions

TALLIES BLOCK

The new tallies input block allows mesh responses to be requested using any energy grid and/or spatial grid
from the definitions block. TRITON-Shift also allows specifying a time input array to enable or disable these
mesh tally responses for specific depletion steps. The last depletion step may be conveniently requested using
the special LAST keyword, and the special ALL keyword may be used to request the tally for every depletion

step.

Description SCALE 6.2 parameter name SCALE 6.3 parameter name
neutron flux GFX flux

fission rate FIS fission_density

neutrons produced from fission CDS fission_source

The following examples demonstrate how the TALLIES block in TRITON is used.
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read tallies

read mesh 1

response = FLUX
grid =1
time 0® LAST end
energy =1
end mesh

read mesh 2

response = FISSION_DENSITY
grid =2
time 012 end
energy = 2

end mesh

read mesh 3

response = FISSION_SOURCE
grid =3
time ALL end
energy = default
end mesh

end tallies

3.1.3.4 ALIAS block

The optional ALIAS block may be used to simplify model development within TRITON by defining a set of
material numbers that will be inserted in place of the alias when that alias is used in subsequent data blocks.
Aliases function as variables for which a user-defined set of materials are inserted; they are identified by
a dollar character ($) preceding a single-word alphanumeric label. The ALIAS block is used to preprocess
an input, creating a new, modified input deck with all alias variable substitutions included. TRITON then
processes the modified input deck before proceeding with the calculation.

The use of an alias variable is best illustrated by a brief example. Assume that the alias $fuel is defined as
materials 1, 2, and 3, and $mod as materials 4, 5, and 6. (The input format for defining aliases is described
below.) The user wishes to create three identical sets of materials and use them in three identical pin cell
specifications. In the COMPOSITION data block, specifications could be written in the following form

h2o $mod den=0.6616 1.0 595 end
wtpt-boron $mod 0.6616 1 5000 100 655e-6 595 end

TRITON would create a modified input with the alias expanded as follows:

uo2 1 den=10.29 0.9322 920 92235 3.0 92238 97.0 end
uo2 2 den=10.29 0.9322 920 92235 3.0 92238 97.0 end
uo2 3 den=10.29 0.9322 920 92235 3.0 92238 97.0 end
h20 4 den=0.6616 1.0 595 end

h20 5 den=0.6616 1.0 595 end

h20 6 den=0.6616 1.0 595 end

wtpt-boron 4 0.6616 1 5000 100 655e-6 595 end
wtpt-boron 5 0.6616 1 5000 100 655e-6 595 end
wtpt-boron 6 0.6616 1 5000 100 655e-6 595 end

Similarly, if the alias were used in the CELLDATA block as

latticecell squarepitch pitch=1.26 $mod fuelr=0.4095 $fuel end

then TRITON would expand the aliases to
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latticecell squarepitch pitch=1.26 4 fuelr=0.4095 1 end
latticecell squarepitch pitch=1.26 5 fuelr=0.4095 2 end
latticecell squarepitch pitch=1.26 6 fuelr=0.4095 3 end

In a depletion calculation, one may wish to deplete a large number of fuel rods independently because
of different geometric locations in a fuel assembly. Even though each fuel rod may have the same initial
composition, each must be specified as a unique material composition in order to be depleted independently.
Furthermore, multiple cell specifications must all use unique material identifiers for each cell component.
Thus, if one desired to deplete 25 fuel materials in a fuel/clad/moderator pin cell, one would need to set up
material composition definitions for 25 fuels, 25 moderators, and 25 clads. Then one would need to provide
25 pin cell specifications. By using aliases, one need only specify the material identifiers corresponding to
each alias and then provide only one material composition specification for each alias type, and then one pin
cell specification. TRITON will automatically expand the aliases and create a revised input with all materials
and cell specifications explicitly defined.

Note: Note that although this will simplify the pin cell input in the CELLDATA, 25 pin cell calculations
would still be required. The number of pin cell calculations can be reduced by using the ASSIGN function
described in Sect. 3.1.3.3.7.

The purpose of the ALIAS block is to define a set of alias variables to be used in subsequent data blocks. The
ALIAS block is optional, but aliases may not be used in other blocks if an ALIAS block is not present to define
the aliases. An ALIAS block may contain as many aliases as desired. Each alias specification consists of
three parts: the alias name, consisting of a dollar sign followed by up to 11 alphanumeric characters with no
embedded spaces; the material number or numbers; and an end keyword. Material numbers may be entered
in any order and may be separated by spaces or commas (or both). Material numbers may also be separated
by a dash (-), but this represents an inclusive list. In other words, a material specification of 1-3 (or 1 - 1)
indicates materials 1, 2, and 3. The example ALIAS block below illustrates the various means for assigning a
set of materials for an alias definition.

read alias

$fueltypel 1 2 3 end
$fueltype2 4,5,6, 31-33 end
$cladl 21,22,23 end

$clad2 24 25 26 34-36 end

$mod1 11 - 13 end
$mod2 14-16, 37-39 end
end alias

The ALIAS block simply serves to assign material identifiers to specific variables, and the variables are used
in subsequent data blocks. The same material identifier can be used in more than one alias if desired. As
indicated earlier, TRITON will preprocess any input deck containing an ALIAS block and replace instances
of alias variables with the appropriate material identifiers. The following subsections describe how aliases are
implemented in TRITON’s various input blocks, as the form of alias variable substitution is block dependent.
Aliases are processed only in these input blocks; aliases used in other blocks will result in an error.
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COMPOSITION block aliases

The COMPOSITION block uses aliases to create multiple copies of each standard composition specification,
replacing the alias variable with each material identifier associated with the alias definition. For example,
consider the following alias definition in an ALIAS block:

read alias
$fuel 1 2 10 end
end alias

and the standard composition specification:

uo2 $fuel den=10.045 1 800 92235 2.5 92238 97.5 end

A modified TRITON input would be created with the standard composition specification replaced by

uo2 1 den=10.045 1 800 92235 2.5 92238 97.5 end
uo2 2 den=10.045 1 800 92235 2.5 92238 97.5 end
uo2 10 den=10.045 1 800 92235 2.5 92238 97.5 end

CELLDATA block aliases

CELLDATA block latticecell specifications typically contain more than one material; therefore, multiple
aliases are permitted in each cell specification. However, this constrains the set of aliases used in the cell
specification to have the same number of material identifiers associated with it.

Consider the ALIAS block:

read alias

$fuel 1-3 10 end
$clad 4,5,6,11 end
$mod 7 8-9 12 end
end alias

All three aliases contain four materials each. One could then create a single cell specification that uses one or
more of these alias variables, such as

latticecell squarepitch pitch=1.26 $mod fuelr=0.41 $fuel cladr=0.50 $clad end

This would result in the following alias expansion by TRITON:

latticecell squarepitch pitch=1.26 7 fuelr=0.41 1 cladr=0.50 4 end
latticecell squarepitch pitch=1.26 8 fuelr=0.41 2 cladr=0.50 5 end
latticecell squarepitch pitch=1.26 9 fuelr=0.41 3 cladr=0.50 6 end
latticecell squarepitch pitch=1.26 12 fuelr=0.41 10 cladr=0.50 11 end

Material identifiers are substituted according to their position in the alias definition (i.e., the first substitution
will use the first material associated with each alias, and the second expansion will use the second material
associated with each alias, etc.)

Material numbers should not be entered manually in a cell specification; for example,

latticecell triangpitch pitch=1.26 $mod fuelr=0.4095 1 end

TRITON would allow this to occur and would create a set of cell specifications as follows:
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latticecell triangpitch pitch=1.26 2 fuelr=0.4095 1 end
latticecell triangpitch pitch=1.26 3 fuelr=0.4095 1 end

where $mod was defined as materials 2 and 3. However, SCALE does not allow the same material identifier to
occur in two different cell specifications, and the fact that material 1 occurs in two different cell specifications
would result in TRITON ending with an error. Note that alias expansions formultiregionanddoublehetcell
specifications are not supported. Also note that TRITON will not copycentrmdataandmoredataspecifications
that follow a cell specification that uses an alias variable.

DEPLETION block aliases

Aliases in the TRITON DEPLETION are simply replaced by the set of materials associated with the alias.
For example, the ALIAS block

read alias
$fuel 1 2 10 end
end alias

and DEPLETION block

’read depletion 7 8 9 $fuel end depletion

would be expanded to

’read depletion 7 8 9 1 2 10 end depletion

Aliases may be mixed with actual material numbers in the depletion block, along with the flux and assign
keywords. However, the negative sign-used to define the basis for power normalization-cannot precede an
alias definition.

TIMETABLE block aliases

TIMETABLE block alias expansion is similar to that of the COMPOSITION block: TRITON will create
a new timetable entry for each material associated with the alias used in the TIMETABLE definition. For
the TIMETABLE block below, using the alias $ allmod, unique timetables will be created for each material
identifier associated with this alias variable.

Note: Note that alias expansion of density timetable entries is not yet supported.

read timetable
temperature $allmod
0.0 615

121.0 615

121.01 685

322.5 685

352.5 610

738.75 610 end

end timetable
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BRANCH block aliases

Aliases may be used within the define keyword definitions of the BRANCH block. Aliases are simply replaced
by the list of materials associated with the alias, as is done for the DEPLETION block. Hence,

read alias
$fuel 1 2 10 end
end alias

used with

read branch

define fuel $fuel end

md=0.75 tm=559 tf=880 sb=0.0 cr=0 end
t£=1600 end

end branch

would be expanded to

read branch

define fuel 1 2 10 end

md=0.75 tm=559 tf=880 sb=0.0 cr=0 end
t£=1600 end

end branch

NEWT MATERIAL block aliases

The MATERIAL block within the NEWT model section of a TRITON input can also use aliases. As with
COMPOSITION and TIMETABLE entries, TRITON will create a new material specification for each material
represented by an alias. For the sample material block below, using the alias $ fuel, unique material block
entries will be created for each material associated with the alias variable.

read materials
mix=$fuel pn=1 com="3.25 wo uo2 fuel" end
mix=21 pn=1 com="zirc cladding" end
mix=31 pn=1 com="water" end
end materials

If an alias were defined as

$fuel 10 11 12 end

then the MATERIAL block would be expanded to

read materials

mix=10 pn=1 com="3.25 wo uo2 fuel" end
mix=11 pn=1 com="3.25 wo uo2 fuel" end
mix=12 pn=1 com="3.25 wo uo2 fuel" end
mix=21 pn=1 com="zirc cladding" end
mix=31 pn=1 com="water" end
end materials
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KEEP_OUTPUT block

When performing depletion calculations for a number of different materials, TRITON output can become
quite voluminous. Often, much of that output is not needed for calculations that seek only eigenvalues,
sources, or concentrations as a function of irradiation history. TRITON provides the ability to trim output
to only those portions for which output is desired. Output produced directly by the TRITON module is
always provided and cannot be disabled, but output from any other code in the sequence can be automatically
removed from the output listing. Retaining certain output is accomplished using the KEEP_OUTPUT data
block.

The KEEP_OUTPUT data block provides the ability to preserve only selected outputs. The format of this
data block is

read keep_output
module_1 module_1 ... module_i ... module_N
end keep_output

where module_i represents any valid module name from the list of modules invoked by TRITON, as listed
here:

xsproc xsdrn newt kenova kenovi couple origen

Without the KEEP_OUTPUT data block, the output from the neutron transport kernel (xsdrn, newt, kenova,
kenovi) is retained and the output of all other modules (xsproc, couple, origen) is suppressed. Note that the
output of SAMS and OPUS is not controlled by this block; the output of these modules is always retained.

If a KEEP_OUTPUT data block is included, then only the output of the specified modules is retained. If the
output of the neutron transport kernel is desired, then the corresponding module has to be listed since the
above mentioned default is no longer applicable. A KEEP_QOUTPUT data block without any module name
can be specified to suppress the output of all modules.

When using the TRITON-Shift sequence, the generation of Shift’s HDFS5 output files can be controlled
through a time array in the KEEP_OUTPUT output. The special keywords “ALL” for all depletion steps and
“LAST” for the last depletion step are supported.

Examples:
1. Only the output of the neutron transport kernel is retained:
The input does not contain a KEEP_OUTPUT data block.

2. Only the XSProc output is retained; the output of the neutron transport kernel is suppressed:

read keep_output
XSproc
end keep_output

3. The output of both XSProc and the neutron transport kernel KENO-VT is retained:

read keep_output
xsproc kenovi
end keep_output

4. The output of all modules is suppressed:
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read keep_output
end keep_output

5. Shift’s HDFS output files are requested for the first, second and last depletion step:

read keep_output
shift ® 1 LAST end
end keep_output

3.1.3.5 TRITON control parameters
TRITON supports the following of control parameter options:

parm= CHECK, CENTRM, 2REGION, XSLEVEL=N, WEIGHT, WEIGHT=N,
ADDNUX=N, INFDCUTOFF=X, CXM=N, MAXDAYS=N

If an invalid control parameter option is specified, including misspelled keywords, an error message will
be generated and execution terminated. TRITON also provides the ability to nest several control parameter
keywords together; to combine keywords (where appropriate), a list may be entered, enclosed in parentheses,
and separated by commas. For example, to specify CHECK, 2REGION, and ADDNUX=1 at the same time,
input would begin with

=t-depl parm=(check, 2region,addnux=1)

The following subsections provide more detail on each of the control parameters listed above.

Check mode: parm=check

Specification of parm=check will request that TRITON read all input and ensure that no input errors are
present, without running additional calculations. In this mode, all input is set up as if a full calculation will be
run, but the sequence exits without any functional module execution. The check mode is useful for debugging
or obtaining processed standard composition data, without actually running a calculation. It can also be
used to generate plot files for embedded NEWT and KENO inputs for additional review and checking of
input specifications. Of course, some errors may be uncovered only by dynamically executing the functional
modules; hence, there are rare occasions where a parm=check run will complete with no errors but will fail
when run outside of check mode as the problem begins to run.

Multigroup cross section processing options

The most common use of parm= sequence control is in the selection of an alternate multigroup cross section
processing mode.

By default, XSProc enables both the BONAMI and CENTRM modules for cross section processing.
BONAMI-only XSProc calculations can be performed using the control parameter parm=bonami.

TRITON also supports the control parameter parm=(xslevel=N). The xslevel parameter option initializes
various CENTRM options for the XSProc calculations. The xslevel option is equivalent to initializing all unit
cell calculations with the following centrmdata specifications:

parm=(xslevel=1):
centrmdata
npxs=5 nfst=0 nthr=3 nmf6=-1 alump=0.3 demin=0.125 pmc_omit=1 pmc_dilute=5.0e5
end centrmdata
parm=(xslevel=2):
centrmdata npxs=5 nfst=0 nthr=3 nmf6=-1 end centrmdata

(continues on next page)
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parm=(xslevel=3):

centrmdata alump=0.3 demin=0.125 pmc_omit=1 pmc_dilute=5.0e5 end centrmdata
parm=(xslevel=4):

[no centrmdata statement]

The option parm=(xslevel=4) is equivalent to parm=centrm. The option parm=(xslevel=3) is the default for
depletion sequences and is equivalent to parm=centrm but with some minor approximations to decrease run
time. The option parm=(xslevel=2) is equivalent to parm=2region for all sequences.

Note that the xslevel=1 and xslevel=3 options have additional specifications for keywords alump, demin,
pmc_omit, and pmc_dilute. These keywords are further discussed in the XSProc chapter. The additional
keyword specifications are used to decrease run-time for the CENTRM and PMC calculations. Internal
investigations have shown that the approximations introduced by the additional keyword specifications have
minimal impact on solution accuracy for a wide range of calculations. Therefore the additional keyword
specifications are used by default for depletion calculations, where several CENTRM and PMC calculations
are necessary. The additional keyword values are not used by default for nondepletion calculations to be
consistent with the SCALE CSASS and CSASG6 criticality sequences.

Creating a broad group library: parm=weight, parm=(weight=N)

Used in tandem with the TRITON T-NEWT sequence, the specification parm=weight extends the sequence
by setting up and executing the MALOCS2 module to generate a weighted broad-group cross-library (AMPX
master format). The spectrum generated in the NEWT transport calculation is used as the weighting function
for the collapse. Additionally, the broad-group library energy structure is defined by the NEWT COLLASPE
block.

The parm=weight option uses the problem-averaged flux spectrum for the weighting function in the collapse.
The problem may be a simple pin cell or a full assembly. However, there may be cases where the flux in
a specific region or material is most appropriate for the spectral collapse. TRITON allows identification
of a specific material from which the collapsing spectrum should be used. When specified in the form
parm=(weight=N), the average flux determined for material N is used in place of the total domain spectrum
to perform the collapse.

TRITON sample problem 1 (Sect. 3.1.6.1) provides an example of the use of T"-NEWT to produce a new
broad-group library. Note that the broad-group library produced in this calculation will reside in the SCALE
temporary working directory with the name newxnlib at the end of the calculation. If the library will be
needed for future calculations, the user should use a shell script to copy the library back to a more permanent
location, and perhaps give it a more meaningful name. In sample problem 1, the SCALE 252-group master
library is collapsed to 56 energy groups.

The process for creating a broad-group master library is also supported in the 2D depletion sequence T-DEPL.
When parm=weight or parm=(weight=N) is specified in a depletion calculation, the input cross section
library must be one of the SCALE 238-group or 252-group libraries, which will automatically be collapsed to
the SCALE 49-group or 56-group structure, respectively. An initial fine group calculation is performed for
the input configuration, and the flux from the solution is used to create the broad group library. The initial
calculation is then repeated with the new broad group library, followed by the remainder of the depletion
calculation. Note that for lattice physics calculations, the NEWT COLLAPSE block will be based on the
49-group (or 56-group) energy structure, not the fine group structure.

It is important to note that the 252-group library contains intermediate resonance parameters and other data
that cannot be accurately collapsed into 56-group data with the collapsing procedures available in MALOCS2.
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These parameters are important for bonami-only cross section processing calculations, i.e., parm=bonami.
Therefore, the parm=centrm option is recommended for follow-on application of the collapsed 56-group
collapsed library. The 238-group and 49-group libraries do not contain intermediate resonance parameter
data, and bonami-only processing is available, provided that this cross section processing option and group
structure is suitable for the intended application.

Inclusion of additional nuclides for depletion: parm=(addnux=N)

For depletion calculations, it is important to add trace quantities (1 X 102° at/b-cm) of certain nuclides
to the inventories of depletion materials in order to accurately track the nuclides’ impact on cross section
processing and transport calculations as a function of burnup. By default, TRITON automatically adds
to all fuel materials trace quantities of a set of nuclides that have been determined to be important in the
characterization of spent fuel. TRITON recognizes fuel materials as any material containing quantities of
heavy metals (Z > 89) in the standard composition specification.

TRITON provides user control of the set of nuclides added to a fuel material through the parm=(addnux=N)
control parameter, where N is an integer value. For N = 0, no nuclides are added, which is generally a very
poor approximation and should only be used when the ramifications are fully understood. For N = 1, a bare
minimum set of 15 nuclides (actinides) are added; this will generate improved number density estimates for
actinides in low-burnup fuels but will not update cross sections for fission products of primary importance.
Again, use of this option is discouraged unless it addresses special modeling needs. For N = 2, the default
setting for the TRITON depletion sequences, 95 nuclides are added. N = 3 and N = 4 add 231 and 388
nuclides, respectively. Note that in previous versions of TRITON, N = 2 would add 64 nuclides. The set of
64 nuclides is still supported by specifiying parm=(addnux=-2) in the input. The default in the SCALE 6.1
release remains parm=(addnux=2). Table 3.1.2 through Table 3.1.6 list the set of nuclides added in trace
quantities for each value of addnux.

Table 3.1.2: Additional nuclides added in trace quantities for
parm=(addnux=1)

234U 235U 236U
238U 237Np 238Pu 239Pu
240Pu 2411)u 242Pu 241 Am
242 Am 243 Am 242Cm 243 Cm

*15 nuclides total.

Table 3.1.3: Additional nuclides added in trace quantities for
parm=(addnux= -2)

lH lOB I 1B

14N 160 83KI' 93Nb
94Zr 95M0 99TC 103Rh
]05Rh ]06Ru ]09Ag 126Sn
1351 131Xe 135Xe 133CS
134CS 135Cs 137Cs 143PI’
144Ce 143Nd 145Nd 146Nd
147Nd 14Tpm 148pm 19pm
148Nd 147SIn l49sm lSOSm

continues on next page
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Table 3.1.3 — continued from previous page

ISISm ISZSm 151Eu 153Eu
154Eu 155Eu 152Gd 154Gd
155Gd 156Gd 157Gd 158Gd
160Gd 244Crn

*49 additional nuclides in addition to the 15 nuclides added in addnux=1, for a total of 64.

Table 3.1.4: Additional nuclides added in trace quantities for
parm=(addnux=2)

917, Bz %7 97
95Nb 97M0 98M0 99M0
T00M o I0TRy 2Ry IBRYy
104Ru 105Pd 107Pd IOSPd
113Cd 151, 27y 1291
133Xe 139La 140Ba 141Ce
1420ce 43 e AIp, [EXINE]
153Sm I56 g, 282m A m

*3]1 additional nuclides in addition to the 15 nuclides in Table 3.1.2 and 49 nuclides in Table 3.1.3, for a
total of 95.

Table 3.1.5: Additional nuclides added in trace quantities for
parm=(addnux=3)

72(}e 73(}e 74GC 76GC
T5As T9Br 76Ge TTSe
7SSe SOSe SZSe SIBI.
SOKI. 82KI 841(r SSKr
86KI‘ SSRb 86Rb 87Rb
848r 86Sr 87SI’ SSSI.
8QSr 9OSI. 89Y 90Y
91Y 9OZI‘ 9221' 92M0
94M0 96M0 94Nb 96Ru
98Ru 99Ru IOORu IOSRu
102pq 104pq 106pq TT0pq
]O7Ag lllAg 106Cd IOSCd
llOCd 111Cd 112Cd 114Cd
115mCd 116Cd 140Ce IISIn
14OLa IIZSn 114Sn 115Sn
116Sr1 ll7sn llSSn 119Sn
120Q, 122g, 123g, 124g,
IZSSn IZISb 123Sb 124Sb
125gp 126G 120e 122e
123 e 124, 125Te 126
27mTe 12876 129mTa 130e
132Te 1301 1317 124){e

continues on next page
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Table 3.1.5 — continued from previous page

126y 128%xe 129y 30y
32y B34y 136y 134p4
135824 13654 13734 13834
136CS 122p, [EVINF] 150N(
5Ipy 144Sm 14SSm 154Sm
152Eu 157Eu 232U 233U

159Tb 160Tb 160])y 1611)y
162Dy 163Dy 164Dy 1650
TeO R T67E, 51 u 1761 u
18I 182y 183y 184y

186y 18Re 87TRe 197 Au
23Tp, 233p, 230Th 232Th

*136 additional nuclides in addition to the 15 nuclides in Table 3.1.2, 49 nuclides in Table 3.1.3, and 31
nuclides in Table 3.1.4, for a total of 231.

Table 3.1.6: Additional nuclides added in trace quantities for
parm=(addnux=4)

’H H “He “He
°Li Li "Be °Be
15N 170 19F 23Na
24Mg 25Mg 26Mg 27A1
ZSSi 29Si 3OSi 311)
325 33S 34S 36S
35C1 37Cl 36Ar 38Ar
40Ar 39K 4OK 41 K
40(:.,:1 42Ca 43Ca 44Ca
46(:0,:1 48Ca 45 Sc 46Ti
HTi BT OTj 0Tj
50 52 33 54

Cr Cr Cr Cr
SMn 4Fe 0Fe >TFe
581::e 58C0 SSmCO 59C0
58N; 5ONT; 60N; 61N;

Ni Ni Ni Ni
ONj ®Nj ®3Cy %Cy
Ge “Ga 1Ga " As
74Se 79Se 78KI‘ llOmAg
113Sn 123Xe ISOBa 132Ba
133Ba 136Ce 138Ce 139Ce
138La l48um 153Gd 156Dy
158Dy 166mH0 162Er 164Er
168Er 170Er 174Hf 176Hf
177Hf 178Hf 179Hf lSOHf
ISZTa 19111. 193Ir 196Hg
198Hg 199Hg ZOOHg 201Hg
202Hg 204Hg 204Pb 206Pb

continues on next page
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Table 3.1.6 — continued from previous page

207 Pb 208 Pb 209Bi 223 Ra
224Ra 225Ra 225AC 226AC
227AC 226Ra 227Th 228Th
229Th 233Th 234Th 232Pa
o e - o
7

236gu 237gu 243Eu 244gu
246Pu 244 Am 244m Am 241Cm
245Cm 246Cm 247Cm 248Cm
249Cm ZSOCm 249Bk ZSOBk
249Cf 250Cf 251 Cf 252Cf
253Cf 254Cf 253ES 254ES
255ES

*158 additional nuclides in addition to the 15 nuclides in Table 3.1.2, 49 nuclides in Table 3.1.3, 30
nuclides in Table 3.1.4, and 136 nuclides in Table 3.1.5, for a total of 388.

Few-group reaction cross section calculation control for continuous energy depletion: parm=(cxm=N)

In continuous energy depletion calculations, few group reaction cross sections are computed by KENO
directly rather than using a post-processing approach that TRITON uses for multigroup mode. In addition to

these region averaged multigroup reaction cross sections, KENO also provides problem-dependent region-

averaged multigroup fluxes to TRITON that will be used by COUPLE to generate one-group cross section
library for each depletion material.

Option parm=(cxm=N) is used to setup continuous-energy depletion calculation with different modes of
calculation, which tells KENO the details of the tallying process for the reaction cross sections and mixture
fluxes. Available calculations modes and their descriptions are presented in Table 3.1.7.

Table 3.1.7: cxm values and their descriptions.

cxm cross sections flux description
reactions | number number
of energy | of energy
groups groups
1 All NGP NGP KENO uses default NGP-group energy group bound-
aries to generate region-averaged reaction cross sec-
tions for all available reactions of the nuclides in
each depletion mixture. KENO also computes region-
averaged multigroup fluxes using the default NGP-
group energy bins. multigroup fluxes using the de-
fault NGP-group energy bins.
2 Trans- NGP NGP KENO uses default NGP-group energy group bound-
mutation aries to generate region-averaged reaction cross sec-
MT=16- tions for only transmutation reactions of the nuclides
18, in each depletion mixture. KENO also computes
102-125) region-averaged multigroup fluxes using the default
NGP-group energy bins. multigroup fluxes using the
default NGP-group energy bins.

continues on next page
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Table 3.1.7 — continued from previous page

3 All 1 NGP KENO uses 1-group energy group boundaries to gen-
erate region-averaged reaction cross sections for all
available reactions of the nuclides in each deple-
tion mixture. KENO also computes region-averaged
multigroup fluxes using the default NGP-group en-
ergy bins. multigroup fluxes using the default NGP-
group energy bins.

4 (de- | Trans- 1 NGP KENO uses 1-group energy group boundaries to gen-
fault) mutation erate region-averaged reaction cross sections for only
MT=16- transmutation reactions of the nuclides in each deple-
18, tion mixture. KENO also computes region-averaged
102-125) multigroup fluxes using the default NGP-group en-

ergy bins. multigroup fluxes using the default NGP-
group energy bins.

Note: The energy group structure in KENO and associated number of energy groups, NGP, should be
consistent with those from the ORIGEN library used in the problem.

Infinite dilution cutoff control: parm=(infdcutoff=X)

The addition of nuclides to depletion materials as described in the previous section can lead to increased
run-times for CENTRM-based XSProc calculations. However, many nuclides (e.g., low-density nuclides) are
effectively infinitely dilute and can be treated as such and omitted from the expensive point-wise cross section
collapse operation. For the option parm=(infdcutoff=sigma0) sequence option, XSProc will compute an
effective background microscopic cross section for each nuclide. If the computed background cross section is
greater than the cutoff value sigma0, recommended as 5 x 10° barns, then the nuclide is considered infinitely
dilute and the infinitely dilute multigroup cross section is utilized from the cross section library.

In general, a sigma0 cutoff value of 5 x 10> barns will be acceptable for most applications. However, TRITON
and the centrmdata card in the CELLDATA block provide a means for the user to control the cutoff value. The
cutoff value may be assigned in either of two ways. A single global value may be assigned to all cells using
the TRITON parm= specifier with the keyword infdcutoff, for example, parm=(infdcutoff=1e10). Addition of
the specifier with a value of 1 x 10'° will set the cutoff value to 1 x 10! for all cells in the problem, which is
generally appropriate for most calculations. However, a provision is made to specify a unique cutoff value to
each cell using the pmc_dilute keyword in a centrmdata specification. An example of this is shown in the
description of parm=xslevel in Sect. 3.1.3.5.2.

The default value of sigma0 depends on the sequence and cross section processing option. For nondepletion
sequences that use parm=centrm, the default is 0. The default value of O instructs PMC to include all
nuclides for PMC processing. For depletion sequences that use parm=centrm or for any sequence that uses
parm=2region, the default value is 5 x 10° barns.
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Override of the maximum number of days per depletion subinterval: PARM=(MAXDAYS=N)

TRITON is set to limit ORIGEN time intervals to no more than 40 days to avoid potential numerical error
that would be introduced if depletion were performed over a long time interval. For depletion subintervals
of more than 400 days (10 time intervals of 40 days), TRITON will automatically increase the number of
depletion subintervals in a depletion interval. The depletion subinterval is based on a rule of thumb for
ORIGEN depletion. However, the rule breaks down when burning at very low powers for extended time
intervals. Thus, TRITON allows the user to override the default behavior by specifying a new value for the
maximum number of days per ORIGEN time interval. A 100-day limit per ORIGEN time interval may be
set using parm=(maxdays=100). In overriding the default behavior, the user must be aware of any potential
errors introduced in the approximation.

3.1.4 OUTPUT FILES CREATED BY TRITON

TRITON produces a variety of output files that may be of use in related calculations. Of those files, only
certain files are copied back to the return directory: the TRITON output file (.out); plot files generated by
NEWT, KENO, or OPUS (.plt); SAMS sensitivity data files (.sdf), in the case of an S/U calculation; ORIGEN
binary concentration files (.f71) and HTML-formatted output (.html), where available. The TRITON output
file is a concatenated listing of outputs from TRITON and all modules for which output is kept. Other files of
potential interest are not copied, and the user should be aware of these files and their names so that they may
be retrieved using a SHELL script after TRITON execution is complete. The following subsections list those
files and their purposes.

3.1.4.1 Standard composition restart files

At the end of all depletion calculations, standard composition files are automatically produced for each
material, listing the nuclides and number densities of the materials at the time the transport calculation
(i.e., XSDRN, NEWT, KENO) is performed. Only nuclides for which cross section data are available in
the master cross section library are saved in these files. Files are saved using the file naming convention
StdCmpMixNNNNN, where NNNNN is the material identifier. The file contains compositions at the final time
of the calculation. Additional files are saved with the file naming convention StdCmpMixNNNNN_MMMMM,
where MMMMM is an index to a particular time step in the depletion calculation. For example, if a calculation
is completed with materials 1 and 40 for two depletion steps, then the following files will be created in the
temporary working directory.

StdCmpMix00001_00000 (t=0)

StdCmpMix00001_00001 (midpoint of 1st depletion step)
StdCmpMix00001_00002 (midpoint of 2nd depletion step)
StdCmpMix00001_00003 (final compositions, end of 2nd depletion step)
StdCmpMix00001 (same as StdCmpMix00001_00003)

StdCmpMix00040_00000 (t=0)

StdCmpMix00040_00001 (midpoint of 1st depletion step)
StdCmpMix00040_00002 (midpoint of 2nd depletion step)
StdCmpMix00040_00003 (final compositions, end of 2nd depletion step)
StdCmpMix00040 (same as StdCmpMix00040_00003)

The contents of these files will be a standard composition description of each material by atomic contents-that
is, SCALE standard nuclide IDs (e.g., U-235), number density, and temperature (using the temperature of the
original material). Using SCALE’s external file read capability, these outputs may be automatically included
in a follow-on calculation that relies on depleted/decayed number densities. TRITON sample problem 7 (Sect.
3.1.6.6) provides an example of the use of these restart files.

These files are not automatically copied back to the output directory. Users can use a shell block to manually
copy back the files, for example:
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read shell
cp ${TMPDIR}/StdCmpMix* ${OUTDIR}
end shell

Important: Standard composition restart files should be used only for follow-on criticality or shielding
calculations.

3.1.4.2 Lattice physics parameters

During T-DEPL depletion calculations that use branch states and homogenization, a database of few-group
cross sections is saved for each branch state and at each depletion step containing homogenized cross section
data and other lattice physics parameters (e.g., discontinuity factors, pin power peaking factors, diffusion
coefficients, etc.). The xfile016 file is intended for post-processing, to be read and written in the desired
format for subsequent nodal diffusion core simulator calculations. The xfile016 file is a binary-formatted file,
which is described in detail in Appendix A of TRITON. An auxiliary text-formatted database file (txtfile16) is
also created that contains the same data as the binary-formatted file.

3.1.4.3 ORIGEN binary library files (.f33)

During depletion calculations, ORIGEN binary library files are created to archive cross sections for each
depletion material at each depletion subinterval. These files can be used in future depletion calculations
in ORIGEN, ORIGAMI, and ARP. For each depletion material, the ORIGEN binary library file is named
$ {BASENAME}.mixNNNNNN.f33, where NNNNN is the material number for each depleted material. Ad-
ditionally, the system-average cross section file is saved with the name $ {BASENAME}.system.f33. All
f33-files are automatically copied back into the output directory.

Note that in SCALE versions up to 6.2, these files were named ft33f001_mixNNNNN and f33f001_cmbined.
They had to be copied manually from the temporary working directory $ {TMPDIR) into the output directory
through a shell block following the TRITON input. Since SCALE 6.3, the files are automatically copied back
and have more intuitive names.

3.1.4.4 ORIGEN binary concentration file (.f71)

During depletion calculations, TRITON creates the ORIGEN binary concentration file (.f71). This file is
created in the temporary directory as ft71f001 and is copied back at the end of the SCALE calculation to the
return directory with the name ${ OUTBASENAME}.f71. TRITON archives computed concentrations for
each depletion material at the beginning and end of each depletion subinterval or decay interval. These files
include concentrations and also decay heat term, photon and neutron data, and other quantities or interest
computed by ORIGEN. These data may be post-processed by the OPUS module.

The .f71 file contains concentrations for each individual material, and it also contains the combined concen-
trations of the individual material results (i.e., the net response for the entire system). The TRITON output
contains an index of the contents of this file (see Sect. 3.1.5.4.5).
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3.1.4.5 Binary mesh response files (.3dmap)

If mesh responses are requested, the corresponding binary 3dmap files are generated. If the TRITON-Shift
sequences with the definitions and tallies block was used to request mesh responses, the output files follow
the following syntax:

o flux: $ {BASENAME).flux_time$ {STEP}_3dmap
e fission_density: $§ {BASENAME) fission_density_time$ {STEP}.3dmap
e fission_source: 8 {BASENAME) fission_source_time$ {STEP}.3dmap

3.1.4.6 Binary Shift output file (.h5)

If the TRITON-Shift sequence was used, detailed results of the Shift calculation can be found in Shift’s hdf5
output file. The HDFS5 filename follow the following syntax: $ {basename}_time$ {step).shift-output.h5.
The generation of these files for only selected depletion steps can be controled through the KEEP_OUTPUT
block.

3.1.5 OUTPUT DESCRIPTION

This section contains a brief description and explanation of TRITON output. As with any SCALE module,
TRITON output begins with the SCALE header, the job information, the input file, and the program
verification information. These outputs are common to all SCALE modules. Likewise, all SCALE calculations
report a run-time summary at the end of the output file.

3.1.5.1 Control parameter edit

When TRITON control parameters are specified using the parm= command (see Sect. 3.1.3.5), all specified
parameters are echoed following the above output, with an explanation of the meaning of the parameter, as
shown below. If no parameters are specified, no edit is provided.

The following TRITON control parameters were requested:

WEIGHT - Weighted collapsed master library
option selected for t-newt calculation, based
on system-averaged flux.

ADDNUX - specifies the set of additional nuclides added
in trace quantities for depletion
calculations. Set 1 was selected.

See TRITON manual for more information.

3.1.5.2 T-XSEC output

The T-XSEC sequence performs only cross section processing functions. The XSProc output is written to the
output file as the calculation proceeds.

3.1.5.3 T-NEWT and T-XSDRN output

By default, the T-NEWT and T-XSDRN outputs include only the NEWT and XSDRN output respectively.
The XSProc output can be included by using the KEEP_OUTPUT block (see Sect. 3.1.3.4.7).
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3.1.5.4 Depletion sequence output

The output of TRITON depletion sequences contains several depletion edits. The edits are described in
the following subsections. These output edits are written to the output file in the order in which they are
computed during the calculation.

Burnup history summary (all depletion sequences)

TRITON generates the burnup history summary table after processing the BURNDATA block. An example of
this table is as follows:

Based on the supplied burnup history, triton will use the following time history to perform
depletion calculations. This breakdown has been calculated so as to permit burn steps of
no more than 40 days, and decay times using the rule of threes with a maximum first decay
period of no more than 75 days.

7 Time-dependent libraries will be created

Sub-Interval Depletion  Sub-interval Specific Burn Length Decay Length Library Burnup
No. Interval in interval Power (MW/MTIHM) ) (D) (MWd/MTIHM)

0 ****Tnitial Bootstrap Calculation**** 0.00000E+00
1 1 1 37.883 42.500 0.000 8.05014e+02
2 1 2 37.883 42.500 15.000 2.41504e+03
3 2 1 32.215 45.000 0.000 3.94489e+03
4 2 2 32.215 45.000 50.000 5.39457e+03

NOTE: Library Burnup is the cumulative burnup computed at the midpoint of the depletion sub-interval.
Specific Power and Library Burnup depend on basis mixture(s) selected in DEPLETION block.

This table shows the results of a burnup history using one depletion interval with 5 depletion subintervals.
Column 1 is the cumulative depletion subinterval number. Column 2 is the depletion interval number, and
column 3 is the depletion subinterval number within the current depletion interval. Columns 4—6 echo the
specific power, depletion interval, and decay interval specified in the BURNDATA block. The final column
shows the cumulative burnup at the midpoint of each depletion subinterval.

Embedded transport model output

The output from the initial transport calculation follows the burnup history edit. The output edits for NEWT,
XSDRN, KENO-V.a, and KENO-VI are described in their respective manual sections.

System mass balance table

After the initial transport calculation output, a summary of system mass information is printed, an example of
which is provided as follows.

B R R R R R R R R R R R R R R R R R R R R R

** System total mass is 1.8684e+01 grams heavy metal per unit length. o
*%* Masses will be normalized by a factor of 5.3521e+04 cm to obtain a total **
** gystem mass of 1.0000e+06 g of heavy metal o

dededededehdede e dedehdede e dedehdedefhdedehdedefhdedehddedehddehddedehddehddedehddehddedehdde e ddehddefhddehddfhddn

Mix  Heavy Metal Normalized HM Fractional HM Heavy Metal Mixture
No. Mass (g/cm) Mass (g) Mass (---) Dens. (g/cc) Dens. (g/cc) Depletion Mode
1 1.868420e+01 1.000000e+06 1.000000 9.177679e+00 1.041200e+01 Depleted by power
25 0.000000e+00 0.000000e+00 0.000000 0.000000e+00 6.440000e+00 Not depleted
26 1.951123e-16 1.044264e-11 0.000000 5.964321e-17 6.801399e-01 Depleted by flux
System 1.868420e+01 1.000000e+06 1.000000 2.942208e+00 4.746240e+00
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This table provides mass and density data for each material used in the transport model. Column 1 provides
the material identifier, and columns 5 and 6 provide the material density and material heavy metal density,
respectively, in units of grams per cubic centimeter. Heavy metal mass is determined from masses of all
nuclides with an atomic number greater than 89. The final column provides the depletion mode for each
material (see Sect. 3.1.3.3.6). Column 2 provides the “prenormalized”” heavy metal mass of each material.
The units for this mass value depend on the transport model. For 2D xy NEWT models, the units are grams
per centimeter since there is no z- dimension in the model. Similarly, the units are grams per centimeter for
1D cylinder XSDRN models, grams per square centimeter for 1D slab XSDRN models, and grams for 1D
spherical XSDRN models and 3D KENO models. The total prenormalized heavy metal mass is printed in the
final row of the table as well as in the table header. The heavy metal mass is normalized such that a total
system mass of 1 MTHM is present. The volume scaling factor used to normalize the system mass is also
printed in the table banner. The units of the volume scaling factor depend on the transport model. Column
3 prints the normalized material heavy metal mass in units of grams, which is equal to the prenormalized
material heavy metal mass in column 2 multiplied by the volume scaling factor in the table header. The
total normalized mass is printed in the final row and also in the table header. The fourth column shows the
fractional heavy metal mass of all materials, which is equal to the normalized heavy metal mass in column 3,
divided by the total normalized system heavy metal mass in the table header.

Power balance tables

As the TRITON calculation proceeds, the results of the cross section processing and transport calculations
are used to calculate fluxes and powers in each mixture. The output segments listed in the next two tables
show the results for the first calculation based on the initial mixture compositions. The total power (column
2) represents the mixture-specific power in units of MW/MTHM of initial system mass. The fractional power
(column 3) is equal to the total power for a mixture divided by the total system power. The mixture power
(column 4) represents mixture-specific power in units of MW/MTHM of initial mixture mass. The mixture
power is equal to the total power of the mixture divided by the fractional heavy metal mass of the mixture,
which is provided in the system mass balance table (Sect. 3.1.5.4.3). Column 5 presents the burnup of the
individual mixture. If a mixture does not contain heavy metal, then “N/A” is printed in the mixture power
and burnup columns. Columns 6 and 7 show the mixture thermal and total flux values, respectively, in units
of neutrons/cm?-sec. The thermal flux is determined by integrating multigroup flux values for energy groups
below 0.625 eV.

If the specific power is normalized to the total system power, the summation of the mixture powers in
column 1 should match the input specification in the BURNDATA block (in the example given here, 37.883
MW/MTHM):

--- Mixture powers for depletion pass no. 1 (MW/MITHM) ---

Time = 21.25 days (  0.058 y), Burnup = 0.805 GWd/MTIHM, Transport k= 1.2783
Total Fractional Mixture Mixture Mixture Mixture
Mixture Power Power Power Burnup Thermal Flux Total Flux
Number (MW/MTIHM) ---) (MW/MTIHM) (GWd/MTIHM) n/(cmA2*sec) n/(cmA2%sec)
1 37.799 0.99779 37.799 0.803 3.2106e+13 3.1724e+14
25 0.041 0.00109 N/A N/A 3.4431e+13 3.1682e+14
26 0.042 0.00112 N/A N/A 3.5114e+13 3.1832e+14
Total 37.883 1.00000
NOTE: Total Power is the Mixture Power per 1 metric ton of HM of the initial system mass.

Mixture Power is the Mixture Power per 1 metric ton of HM of the initial mixture mass.
Mixture Burnup is the Mixture Burnup per 1 metric ton of HM of the initial mixture mass.
Mixture Thermal Flux determined using 0.625 eV cutoff: Groups 214 through 252.
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If the specific power is normalized to the power to one or more specific mixtures, the mixture powers are
slightly different. For the case above, if depletion was performed with input power normalized to mixture 1,
then mixture 1 has the input-specified power (37.883 MW/MTHM), and the power in the remainder of the
model mixtures is normalized according to this basis mixture:

--- Mixture powers for depletion pass no. 1 (MW/MITHM) ---

Time = 21.25 days (  0.058 y), Burnup = 0.805 GWd/MTIHM, Transport k= 1.2783
Total Fractional Mixture Mixture Mixture Mixture
Mixture Power Power Power Burnup Thermal Flux Total Flux
Number (MW/MTIHM) ---) (MW/MTIHM) (GWd/MTIHM) n/(cmAr2*sec) n/(cmA2%sec)

1 = 37.883 0.99779 37.883 0.805 3.2176e+13 3.1795e+14

25 0.041 0.00109 N/A N/A 3.4507e+13 3.1753e+14

26 0.042 0.00112 N/A N/A 3.5191e+13 3.1903e+14
Total 37.967 1.00000

- Power normalized to this mixture.

NOTE: Total Power is the Mixture Power per 1 metric ton of HM of the initial system mass.
Mixture Power is the Mixture Power per 1 metric ton of HM of the initial mixture mass.
Mixture Burnup is the Mixture Burnup per 1 metric ton of HM of the initial mixture mass.
Mixture Thermal Flux determined using 0.625 eV cutoff: Groups 214 through 252.

Note: Note that the above two power balance tables refer to results at the time of the neutron transport
calculation, i.e. the middle of a depletion subinterval.

Additionally, after every depletion subinterval, a summary of the mixture-wise power, flux, fluence, burnup,
and initial heavy metal is provided. This is the result from ORIGEN, i.e. results noramlized to 1 ton of initial
heavy metal.

end-of-step summary at time = 42.500 days ( 0.116 y), system-average burnup* = 1.606 GWd/MTIHM
mixture power flux fluence burnup* initialhm
) M) (n/cm2-s) (n/cm2) (MWd/MTIHM) (MTIHM)

1 3.77957e+01 3.16389%e+14 1.16178e+21 1.60632e+03 1.00000e+00

* Burnup is only calculated for mixtures with initial HM mass fraction greater than le-6.

ORIGEN binary concentration file listing

After all depletion calculations are completed, TRITON creates an ORIGEN binary concentration file (.f71)
with isotopic concentrations for each depletion material. The order and content of the .f71 file is provided in
the TRITON output. An example of this edit is shown below. For each depletion material, the output gives
the location in the file, the ORIGEN time interval number, the depletion interval time in days, the caumulative
time in years, and a title. After all materials are added to the library, the system average of all libraries and
the average of all fuel mixtures are computed and added to the library. The file case numbers correspond to
the mixture ids. Special cases are 0, -1, and -2 as indicated in the table below.

File ft71£f001 is the ORIGEN binary concentration file, containing concentrations for
- each of the 2 depletion mixtures,
- a set for the sum of all depletion mixtures,
- a set for the sum of selected mixtures (from optional opus block),
- a set for the sum of all fuel mixtures
for always 7 time steps.

(continues on next page)
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Isotopic data locations are listed according to the following table.

Position Time Step Cycle Time (d) Cumulative Time (y)

1 0 0.0000e+00 0.0000e+00 Depletion mixture no. 1 (ft71 case=1)
2 1 4.2500e+01 1.1636e-01
3 2 4.2500e+01 2.3272e-01
4 3 1.5000e+01 2.7379%e-01
5 4 4.5000e+01 3.9699%e-01
6 5 4.5000e+01 5.2019e-01
7 6 5.0000e+01 6.5708e-01
8 0 0.0000e+00 0.0000e+00 Depletion mixture no. 26 (ft71 case=26)
9 1 4.2500e+01 1.1636e-01
10 2 4.2500e+01 2.3272e-01
11 3 1.5000e+01 2.7379%e-01
12 4 4.5000e+01 3.9699%e-01
13 5 4.5000e+01 5.2019e-01
14 6 5.0000e+01 6.5708e-01
15 0 0.0000e+00 0.0000e+00 Weighted sum of concentrations of all depleted.
—mixtures (ft71 case=0)
16 1 4.2500e+01 1.1636e-01
17 2 4.2500e+01 2.3272e-01
18 3 1.5000e+01 2.7379%e-01
19 4 4.5000e+01 3.9699%e-01
20 5 4.5000e+01 5.2019e-01
21 6 5.0000e+01 6.5708e-01
22 0 0.0000e+00 0.0000e+00 Weighted sum of concentrations for selected mixtures.
—(ft71 case=-1)
23 1 4.2500e+01 1.1636e-01
24 2 4.2500e+01 2.3272e-01
25 3 1.5000e+01 2.7379%e-01
26 4 4.5000e+01 3.9699%e-01
27 5 4.5000e+01 5.2019e-01
28 6 5.0000e+01 6.5708e-01
29 0 0.0000e+00 0.0000e+00 Weighted sum of concentrations for fuel mixtures.
— (ft71 case=-2)
30 1 4.2500e+01 1.1636e-01
31 2 4.2500e+01 2.3272e-01
32 3 1.5000e+01 2.7379%e-01
33 4 4.5000e+01 3.9699%e-01
34 5 4.5000e+01 5.2019e-01
35 6 5.0000e+01 6.5708e-01

The requested OPUS output edits follow this .f71 file summary edit.

3.1.6 TRITON SAMPLE CASES

This section provides descriptions of the 13 TRITON sample problems included with SCALE. Note that
all of these problems (along with all other SCALE sample problems) are typically executed in the initial
SCALE installation to test the performance of various codes and options, for validation of the installation
process. Because of the number of problems that are executed, these sample problems are adjusted to run
as fast as possible so that all test problems may be completed in relatively short order. To accomplish this,
crude modeling approximations (reduced convergence, few histories, simplified cross section processing,
low-order quadrature and scattering approximations, coarse computational grids, reduced numbers of libraries
per depletion cycle, etc.) may be used. Hence, although these problems provide guidance in setting up and
executing TRITON problems, it is generally a good idea to review all control settings to ensure sufficient
accuracy in one’s own calculations.

Additional TRITON input files for several reactor types can be generated with the SCALE/ORIGEN Library
Generator (SLIG). The SLIB documentation is available as Appendix B of the ORIGEN chapter.

170




3.1.6.1 TRITON sample problem 1: tritonl.inp

Sample problem tritonl.inp is an example of a T-NEWT transport calculation sequence. Input begins (as with
all SCALE sequences) with a title card and cross section library specification; this calculation is performed
using the 252-group ENDF/B-7.1 library. After the library specification, three materials are defined in the
composition block, followed by a cell specification and the NEWT transport model.

This example includes an axial height of 37.1 cm and will therefore do a buckled calculation based on this
height. The geometric model consists of a simple pin cell, with cylindrical fuel and clad regions inside a
square moderator region, with a 6 X 6 base grid. The NEWT BOUNDS block specifies that periodic boundary
conditions are used for this model.

This simple problem also demonstrates the use of TRITON’s automatic cross section collapse capability-
parm=weight. For T-NEWT calculations, TRITON uses the NEWT COLLAPSE block to define the broad-
group energy structure. For this sample problem, the cross sections are collapsed to a 56-group format. The
new broad-group library will be identified as filename newxnlib in the temporary working directory, which
can be used in follow-up SCALE calculations.

' THIS SAMPLE PROBLEM TEST THE FOLLOWING:
' *% t-newt sequence
v7-252 group library
centrm cross section processing (default for t-newt calculations)
*#* parm=weight option for the t-newt sequence, which uses the NEWT collapse block to specify a 252 -> 56.
—group collapse.
" #* Jatticecell cross section processing option

=t-newt parm=weight

Buckled pin-cell transport calculation

v7-252

read comp
u-234 1 0 6.74213e-6 296.15 end
u-235 1 0 7.65322e-4 296.15 end
u-236 1 0 3.68820e-6 296.15 end
u-238 1 0 2.20912e-2 296.15 end
o 1 0 4.57338e-2 296.15 end
b-10 1 0 3.64042e-9 296.15 end
b-11 1 0 1.46531e-8 296.15 end
cr 25 0 6.67242e-5 296.15 end
fe 25 0 1.25922e-4 296.15 end
sn 25 0 4.17642e-4 296.15 end
o 25 0 2.63724e-4 296.15 end
zr 25 0 3.78392e-2 296.15 end
h 26 0 6.68559e-2 296.15 end
o 26 0 3.34279e-2 296.15 end

end comp

read celldata
latticecell squarepitch pitch=1.2600 26 fuelr=0.4095 1 cladr=0.4750 25 end
end celldata
read model
238 group solution
read parm
dz=37.1
end parm
read materials
mix=1 com="3.0 enriched fuel, pin location 1" end
mix=25 com="cladding" end
mix=26 com="water" end
end materials
read geom
global unit 1
cylinder 10 0.4095
cylinder 20 0.4750
cuboid 30 4p0.63

(continues on next page)
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media 1 1 10
media 25 1 20 -10
media 26 1 30 -20
boundary 30 6 6
end geom
read collapse
8rl 2r2 3 3r4 5 5r6 6r7 2r8 3r9 4rl@® 4rll 12 13 10rl4 3rl5 16 6rl7
3r18 18rl19 2r20 6r21 22 3r23 24 7r25 26 16r27 2r28 11r29 30 31 14r32
33 2r34 35 3r36 35r37 5r38 7r39 11r40® 4r4l 2r42 43 44 3r45 2r46 2r47 2r48
2r49 2r50 51 52 2r53 54 3r55 10r56

' OLD 238G collapse to 49G

' 7r1 2 32r4 567 8 8 8r9 14ri10 6rll 10rl2 13 7ri14 11rl5 12r16 30rl7 16rl8 2rl9
" 6r20 3r21 6r22 14r23 3r24 5r25 4r26 5r27 5r28 5r29 10r30 5r31 32 33 34 2r35

' 36 37 38 2r39 2r40 3r4l1 2r42 43 44 45 46 47 3r48 9r49 end collapse

read bounds

all=periodic

end bounds

end model

end

3.1.6.2 TRITON sample problem 2: triton2.inp

Sample problem triton2.inp is an example of a T-XSDRN transport calculation sequence. In this case, the
parameter specification parm=2region instructs TRITON to perform cross section processing using the
CENTRM-based two-region option in place of the default CENTRM-based Sy option (see Sect. 3.1.2.1). As
in sample problem 1, a simple square-pitched pin cell is modeled but in this case using an XSDRN model
block rather than the NEWT model block. The moderator radius was defined in order to preserve the volume
of the moderator region.

" THIS SAMPLE PROBLEM TEST THE FOLLOWING:

' #* t-xsdrn sequence

' *% y7-252 group library

** 2region cross section processing

** Jatticecell cross section processing option

'

'

=t-xsdrn parm=2region

pin-cell model with MOX

v7-252

read comp

' Fuel
u-234 1 0 2.5952E-7 900 end
pu-238 1 O 4.6610E-5 900 end
pu-241 1 0 1.7491E-4 900 end
pu-242 1 0 1.3201E-4 900 end
0-16 1 0 4.6586E-2 900 end
pu-240 1 O 4.8255E-4 900 end
pu-239 1 0 1.0156E-3 900 end
u-235 1 0 5.4287E-5 900 end
u-238 1 ® 2.1387E-2 900 end

' zirc
zr-90 2 ©® 3.8657E-2 620 end
fe 2 0 1.3345E-4 620 end
cr 2 0 6.8254E-5 620 end

" h2o0
h-1 3 0 4.8414E-2 575 end
0-16 3 ® 2.4213E-2 575 end
b-10 3 0 4.7896E-6 575 end
b-11 3 ® 1.9424E-5 575 end

end comp

read cell
latticecell squarepitch pitch=1.3127 3 fueld=0.8200 1 cladd=0.9500 2 end

end cell

(continues on next page)
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read model
pin-cell model with MOX
read parm
sn=16
end parm
read materials
mix=1 com='fuel' end
mix=2 com='clad' end
mix=3 com=moderator' end
end materials
read geom
geom=cylinder
rightBC=white
zoneIDs 1 2 3 end zoneids
zoneDimensions 0.41 0.475 0.7406117 end zoneDimensions
zoneIntervals 3r10® end zoneIntervals
end geom
end model
end

3.1.6.3 TRITON sample problem 3: triton3.inp

Sample problem 3 illustrates the input format for a T-DEPL-1D depletion calculation. In this case, a single
square-pitched pin-cell model is depleted, where the fuel composition is comprised of UO; fuel homogenized
with aluminum and B4C. Although this is not representative of real fuel, it does allow one to observe the
effect of boron depletion during burnup; results will show an increasing multiplication factor as boron is
depleted, followed by a decreasing eigenvalue after the fuel depletion becomes the dominant contributor to
reactivity change. Three depletion intervals are specified with the same power and no decay intervals. Two
depletion subintervals are specified for the first two depletion intervals, with only one depletion subinterval
for the final depletion interval. Note that this may be insufficient to capture the effect of boron depletion early
in life; fewer depletion subintervals are used here only to reduce the run-time for this sample problem. In this
model, power is normalized such that material 1 has a power density of 21.22 MW/MTHM (or MT/MTU for
UO; fuel), and OPUS output is requested for 35 nuclides. The problem is run using the addnux=3 option set
to add trace quantities of 231 nuclides to depletion materials.

' THIS SAMPLE PROBLEM TEST THE FOLLOWING:

** t-depl-1d sequence

v7-252 group library

Sn centrm cross section processing (default for t-depl-1d calculations)
** latticecell cross section processing option

parm=addnux=3 option to add 231 nuclides to fuel material
deplete-by-constant power

mixture power normalization

" ** opus block

=t-depl-1d parm=(addnux=3)

Infinite lattice depletion model for a single pincell.
v7-252

read comp

' Fuel/AL203-B4C
uo2 1 den=10.045 1 841 92234 0.022 92235 2.453 92236 0.011 92238 97.514 end
b-10 1 0O 8.5900E-4 841.0 end

b-11 1 O 3.4400E-3 841.0 end

C 1 0 1.0700E-3 841.0 end

al 1 0 3.9000E-2 841.0 end
' Clad

wtptzirc 4 6.44 4 40000 97.91 26000 0.5 50116 0.86 50120 0.73 1.0 620 end
' Moderator

h2o0 5 den=0.7573 1 557 end
end comp

(continues on next page)
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read celldata
latticecell squarepitch pitch=1.4732 5 fuelr=0.47250 1 cladr=0.5588 4 end
end celldata
read depletion
-1
end depletion
read burndata
power=21.220 burn=750 down=0 nlib=2 end
power=21.220 burn=750 down=0 nlib=2 end
power=21.220 burn=375 down=0 nlib=1 end
end burndata
read opus
units=gram
symnuc=u-234 u-235 u-236 u-238 pu-238 pu-239
pu-240 pu-241 pu-242 pu-243 np-237
cs-133 c¢s-134 c¢s-135 cs-137 nd-143 nd-144 nd-145 nd-146
nd-148 nd-150 pm-147 sm-147 sm-148 sm-149 sm-150 sm-151
sm-152 eu-153 sm-154 eu-154 gd-154 eu-155 gd-155 o-16 end
matl=0 1 end
end opus
read model
Infinite-lattice pin model (one-fourth)
read parm
sn=16
end parm
read materials
mix=1 com="fuel' end
mix=4 com='clad’' end
mix=5 pn=2 com=water' end
end materials
read geom
geom=cylinder
rightBC=white
zoneIlDs 1 4 5 end zoneids
zoneDimensions 0.47250 0.5588 0.83116409 end zoneDimensions
zoneIntervals 3r1® end zoneIntervals
end geom
end model
end

TRITON sample problem 4: tritond.inp

Sample problem triton4.inp performs a large-scale depletion calculation for a one-fourth PWR assembly,
taking advantage of symmetry to reduce the problem size. The same fuel material is used in each fuel rod,
which will result in assembly-averaged isotopic compositions for all fuel rods. If one wanted to obtain an
isotopic estimate for one or more unique fuel rod locations, then different materials would be specified for
different rod positions. Even though all fuel is identical at the beginning of life, unique materials must be
specified if one desires to perform tracking of the unique response of each unique fuel position.

The problem parameter specification parm=(weight) instructs TRITON to perform an automated cross section
library collapse. For library collapse automation within depletion calculations (see Sect. 3.1.3.5.3), TRITON
will perform a single 252-group calculation at t = 0 to generate the 56-group cross section library. TRITON
will restart the depletion calculation at t = O using the broad-group library after it is created. Because
parm=weight is specified, the NEWT COLLAPSE block must comply with the 56-group energy structure and
not the 252-group energy structure. The COLLAPSE block input is slightly different for the library collapse
automation for 7-NEWT calculations, where the NEWT COLLAPSE block must comply with the 252-group
energy structure.

Problem 4 also uses a timetable to specify boron letdown in the moderator. The initially specified boron
concentration in the COMP (or COMPOSITION) data block is multiplied by a density multiplier at the
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time of each cross section processing and transport calculation (i.e., the midpoint of depletion subinterval).
Linear interpolation is performed between values on the timetable to obtain the multiplier for a given time.
Typically a multiplier of 1.0 is used for t = 0, and the beginning-of-life boron concentration is input in the
COMPOSITION block, but this example demonstrates that this is not necessary. For this calculation, a 500
ppm boron concentration is specified in the standard composition description, and a concentration of (500
ppm)*(1.832), or 916 ppm, would be used in the t = 0 transport calculation.

Problem 4 is also an example of a lattice physics calculation for a full fuel assembly. The NEWT model em-
ploys coarse-mesh finite-difference acceleration, whole-assembly homogenization, 2-energy-group collapse,
and a pin-power print, and computes assembly discontinuity factors. Although this sample problem will
create the cross section database file for core calculations, this sample problem does not contain branching
calculations, nor do lattice physics calculations typically use boron letdown curves. Additional guidance for
TRITON lattice physics calculations can be found in the lattice physics primer.

Because only one fuel material is used, only one cell specification is necessary. If multiple fuel materials
were used, then a corresponding cell specification would be required for each fuel, with a unique clad and
moderator material identifier for each cell. To apply boron letdown properly, the moderator present in each
cell specification would need to have the same letdown curve specified. Hence, a letdown timetable would
need to be specified for each moderator (even if the moderators are not all used in the NEWT model block).
If multiple fuel materials are used, requiring corresponding multiple clad, moderation, cell, and timetable
specifications, the use of an alias specification can simplify input. Aliases are described in Sect. 3.1.3.4;
sample problems triton6.inp (Sect. 3.1.6.5), triton8.inp (Sect. 3.1.6.7), and triton12.inp (Sect. 3.1.6.10)
demonstrate the use of aliases.

This case also illustrates the use of stacked OPUS cases within a single TRITON input file. Here, an OPUS
calculation is requested to obtain the mass in grams of 26 actinides and fission products for material 1 and for
the entire system; since material 1 is the entire set of depletion materials, the system output will be identical to
the material 1 output. A second OPUS calculation is also specified, which requests a ranked output of the top
20 nuclides in terms of decay heat (in watts).), TRITON will perform a single 252-group calculation at t = 0
to generate the 56-group cross section library. TRITON will restart the depletion calculation at t = 0 using the
broad-group library after it is created. Because parm=weight is specified, the NEWT COLLAPSE block must
comply with the 56-group energy structure and not the 252-group energy structure. The COLLAPSE block
input is slightly different for the library collapse automation for 7-NEWT calculations, where the NEWT
COLLAPSE block must comply with the 252-group energy structure.

Problem 4 also uses a timetable to specify boron letdown in the moderator. The initially specified boron
concentration in the COMP (or COMPOSITION) data block is multiplied by a density multiplier at the
time of each cross section processing and transport calculation (i.e., the midpoint of depletion subinterval).
Linear interpolation is performed between values on the timetable to obtain the multiplier for a given time.
Typically a multiplier of 1.0 is used for t = 0, and the beginning-of-life boron concentration is input in the
COMPOSITION block, but this example demonstrates that this is not necessary. For this calculation, a 500
ppm boron concentration is specified in the standard composition description, and a concentration of (500
ppm)*(1.832), or 916 ppm, would be used in the t = 0 transport calculation.

Problem 4 is also an example of a lattice physics calculation for a full fuel assembly. The NEWT model em-
ploys coarse-mesh finite-difference acceleration, whole-assembly homogenization, 2-energy-group collapse,
and a pin-power print, and computes assembly discontinuity factors. Although this sample problem will
create the cross section database file for core calculations, this sample problem does not contain branching
calculations, nor do lattice physics calculations typically use boron letdown curves. Additional guidance for
TRITON lattice physics calculations can be found in the lattice physics primer.
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Because only one fuel material is used, only one cell specification is necessary. If multiple fuel materials
were used, then a corresponding cell specification would be required for each fuel, with a unique clad and
moderator material identifier for each cell. To apply boron letdown properly, the moderator present in each
cell specification would need to have the same letdown curve specified. Hence, a letdown timetable would
need to be specified for each moderator (even if the moderators are not all used in the NEWT model block).
If multiple fuel materials are used, requiring corresponding multiple clad, moderation, cell, and timetable
specifications, the use of an alias specification can simplify input. Aliases are described in Sect. 3.1.3.4;
sample problems triton6.inp (Sect. 3.1.6.5), triton8.inp (Sect. 3.1.6.7), and triton12.inp (Sect. 3.1.6.10)
demonstrate the use of aliases.

This case also illustrates the use of stacked OPUS cases within a single TRITON input file. Here, an OPUS
calculation is requested to obtain the mass in grams of 26 actinides and fission products for material 1 and for
the entire system; since material 1 is the entire set of depletion materials, the system output will be identical
to the material 1 output. A second OPUS calculation is also specified, which requests a ranked output of the
top 20 nuclides in terms of decay heat (in watts).

' THIS SAMPLE PROBLEM TEST THE FOLLOWING:
" ** t-depl sequence
v7-252 group library
2region cross section processing
parm=weight option for the t-depl sequence, which uses builtin 49-group collapse
latticecell cross section processing option
deplete-by-constant power
system power normalization
timetable block using density multiplier
** opus block defining multiple plots
=t-depl parm=(2region,weight)

[

Large scale 2-D depletion model with a boron letdown curve

v7-252

read comp
uo2 1 den=10.412 1 900 92234 0.04 92235 4.11 92238 95.85 end
wtptzirc 25 6.44 4 40000 97.91 26000 0.5 50116 0.86 50120 0.73 1.0 600 end
h2o 26 den=0.6798 1 593 end
wtptbor 26 0.6798 1 5000 100 500e-6 593 end

end comp

read celldata
latticecell squarepitch pitch=1.2600 26 fuelr=0.4025 1 cladr=0.4750 25 end
end celldata
read depletion
1
end depletion
read timetable
densmult 26 2 5010 5011

0.0 1.832
106 1.419
205 1.033
306 0.641
385 0.611
473 1.797
592 1.371
704 0.973
817 0.568
875 0.362 end
end timetable

read burndata
power=37.883 burn=385 down=88 nlib=1 end
power=32.215 burn=402 down=158 nlib=1 end
end burndata
read opus
units=gram

(continues on next page)
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symnuc=u-234 u-235 u-236 u-238 pu-238 pu-239
pu-240 pu-241 pu-242 np-237 am-241 am-243 cm-242 cm-243
cs-134 c¢s-137 nd-143 nd-144 nd-145 nd-146 cm-244 cm-245
cm-246 cm-247 ru-106 am-242m end

matl=0 1 end

newcase

units=watts sort=yes nrank=20 time=years

end opus

read model

One-fourth fuel assembly

read parm

end parm
read materials
mix=1 com='4.11 wt % enriched fuel' end
mix=25 com='cladding' end
mix=26 com=water' end
end materials
read collapse
40rl 16r2
end collapse
read homog
500 whole_assm 1 25 26 end
end homog
read adf
1 500 n=10.71 e=10.71 end adf
read geom
"unit 25 is a right-half water hole
unit 25
cylinder 10 .4500 chord +x=0.0
cylinder 20 .4950 chord +x=0.0
cuboid 30 0.63 0.0 0.63 -0.63
media 26 1 10
media 25 1 20 -10
media 26 1 30 -20
boundary 30 2 4
"unit 45 is top-half water hole
unit 45
cylinder 10 .4500 chord +y=0.0
cylinder 20 .4950 chord +y=0.0
cuboid 30 0.63 -0.63 0.63 0.0
media 26 1 10
media 25 1 20 -10
media 26 1 30 -20
boundary 30 4 2

"unit 46 is a 1/4 water hole
unit 46
cylinder 10 .4500 chord +x=0 chord +y=0
cylinder 20 .495 chord +x=0 chord +y=0
cuboid 30 0.63 0. 0.63 0.
media 26 1 10
media 25 1 20 -10
media 26 1 30 -20
boundary 30 2 2
"unit 1 is a full material #1 rod
unit 1
cylinder 10 .4025
cylinder 20 .4950
cuboid 30 0.63 -0.63 0.63 -0.63
media 1 1 10
media 25 1 20 -10
media 26 1 30 -20
boundary 30 4 4
"unit 2 is a top-half material #1 rod

drawit=yes cmfd=yes xycmfd=0 echo=yes collapse=yes sn=4 inners=3 outers=200 epsilon=1e-3
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unit 2
cylinder 10 .4025 chord +y=0
cylinder 20 .4950 chord +y=0
cuboid 30 0.63 -0.63 0.63 0.0
media 1 1 10
media 25 1 20 -10
media 26 1 30 -20
boundary 30 4 2
unit 3 is a right-half material #1 rod
unit 3
cylinder 10 .4025 chord +x=0
cylinder 20 .4950 chord +x=0
cuboid 30 0.63 0.0 0.63 -0.63
media 1 1 10
media 25 1 20 -10
media 26 1 30 -20
boundary 30 2 4
global unit 100
cuboid 1 10.71 0.0 10.71 0.0
array 10 1
media 26 1 1
boundary 1
end geom
read array
ara=10 nux=9 nuy=9 pinpow=yes typ=cuboidal
fill 46 2 45 245 2 2
3 1 11
3
25
3
3
25
3
3
end array
read bounds
all=refl
end bounds
end model
end

'

e e
R R R R RN
R R R ERERRRRRN
R R R R RRRR

1
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1
1
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1
1
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e e
e

end fill

3.1.6.4 TRITON sample problem 5: triton5.inp

Sample problem triton5.inp is similar to triton4.inp, except that it is a T5-DEPL case; thus, a KENO V.a
transport model is used in place of the NEWT model of the earlier case. The KENO V.a model, although
3D, is axially uniform with reflecting boundary conditions, so it is effectively the same model as the 2D
model of triton4.inp. Moreover, the KENO V.a model represents the full assembly rather than a one-fourth
model. Hence, both cases will generate similar results. In the KENO model, only 300,000 neutron histories
are retained, which is somewhat low to obtain good statistics on fluxes. The 238 ENDF/B-VII library is used
for this sample problem compared to the 252 ENDF/B-VII.1 library utilized in triton4.inp.

' THIS SAMPLE PROBLEM TEST THE FOLLOWING:

" ** t-depl sequence

v7-252 group library

2region cross section processing

** Jatticecell cross section processing option
deplete-by-constant power

system power normalization

timetable block using density multiplier

"ok

=t5-depl parm=2region
Large scale 2-D depletion model with boron density change.
V7-238

(continues on next page)
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read comp
uo2 1 den=10.412 1 900 92234 0.04 92235 4.11 92238 95.85 end
wtptzirc 25 6.44 4 40000 97.91 26000 0.5 50116 0.86 50120 0.73 1.0 600 end
h2o 26 den=0.6798 1 593 end
wtptbor 26 0.6798 1 5000 100 500e-6 593 end

end comp

read celldata
latticecell squarepitch pitch=1.2600 26 fuelr=0.4025 1 cladr=0.4750 25 end
end celldata
read depletion
1
end depletion
read timetable
densmult 26 2 5010 5011

0.0 1.832
106 1.419
205 1.033
306 0.641
385 0.611
473 1.797
592 1.371
704 0.973
817 0.568

875 0.362 end

end timetable
read burndata

power=37.883  burn=385 down=88 nlib=1 end

power=32.215 burn=402 down=158 nlib=1 end
end burndata
read model
read parm

cfx=yes gen=620 nsk=20 npg=500 plt=no htm=no
end parm

read geom
"unit 2 is a water hole
unit 2
cylinder 26 1 .4500 10.0 0.0
cylinder 25 1 .4950 10.0 0.0
cuboid 26 1 0.63 -0.63 0.6
unit 1 is a material #1 rod
unit 1
cylinder 1 1 .4025 10.0 0.0
cylinder 25 1 .4950 10.0 0.0
cuboid 26 1 0.63 -0.63 0.63 -0.63 10.0 0.0
global unit 100
array 10 0.0 0.0 0.0
end geom
read array
ara=10 nux=17 nuy=17 nuz=1 typ=cuboidal
fill 17r1
17r1
8rl 2 8rl
17r1
17r1
8rl 2 8rl
17r1
17r1
2rl 2 2rl1 2 2rl1 2 2rl1 2 2rl1 2 2rl
17r1
17r1
8rl 2 8rl
17r1
17r1
8rl 2 8rl

3 -0.63 10.0 0.0

'
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17r1
17r1 end fill
end array
read bounds
all=refl
end bounds
end data
end model
end

3.1.6.5 TRITON sample problem 6: triton6.inp

Sample problem triton6.inp performs T-DEPL depletion in a pin cell model; however, the pin is discretized
into five equal-volume rings of fuel. Thus, CENTRM-based Sy cross section processing is necessary to
capture the radial burnup of the pin cell. A multiregion cell specification is given to allow specification of
the varying radii for the fuel regions. Because the multiregion cell is cylindrical, the moderator volume is
represented in terms of a radius that corresponds to the volume associated with the pin pitch. The right
boundary condition for the cell is set to white; this is important, as the default right boundary condition for
a multiregion cylinder is vacuum. In this case, addnux=1 is also requested in the parameter specification,
simply for a faster (but less accurate) calculation. Material aliases are used to simplify input. The calculation
is performed with the 238 ENDF/B-VII library. The TRITON TIMETABLE block is used to demonstrate
time-dependent temperature changes to the moderator material.

' THIS SAMPLE PROBLEM TEST THE FOLLOWING:

' ** t-depl sequence

** v7-252 group library

** centrm cross section processing
multiregion cross section processing option
deplete-by-constant power

parm=addnux=1 option to add 15 nuclides to fuel material
system power normalization

timetable block using temperature change
alias block definition

** opus block

=t-depl parm=(centrm, addnux=1)
Pin-cell depleted in rings

v7-252

[

read alias
$fuel 1-5 end
end alias

read comp
uo2 $fuel den=9.459 1 829.0 92234 0.027 92235 3.038 92236 0.014 92238 96.921 end
wtptzirc 10 6.44 4 40000 97.91 26000 0.5 50116 0.86 50120 0.73 1.0 620 end
h20 11 den=0.7575 1 557 end
wtptbor 11 0.7575 1 5000 100 654e-6 557 end
end comp

read celldata
multiregion cylindrical right=white end
1 0.16425
2 0.28449
3 0.36727
4 0.43456
5 0.49275
10 0.55880
11 .83120 end zone
end celldata
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read depletion
$fuel
end depletion

read timetable
temperature 11
cycle 1
0.0 557.0
306.0 557.0
cycle 2
377.0 540.0
838.1 557.0 end
end timetable

'

read burndata
power=27.24 burn=306.0 down=71 nlib=1 end
power=34.57 burn=461.1 down=1870 nlib=1 end
end burndata
read opus
units=gram symnuc=u-235 u-238 pu-239 pu-241 nd-148 end matl=0 1 2 3 4 5 end
end opus
read model
Infinite lattice PWR pin cell
read parm
drawit=yes prtbroad=yes epsilon=1e-3 soln=bl converg=matl
end parm
read materials
mix=$fuel com='3.038 wt % enriched fuel' end
mix=10 pn=0 com='cladding' end
mix=11 com=water' end
end materials

read geom

global unit 1
cylinder 1 .16425 chord +x=0 chord +y=0
cylinder 2 .28449 chord +x=0 chord +y=0
cylinder 3 .36727 chord +x=0 chord +y=0
cylinder 4 .43456 chord +x=0 chord +y=0
cylinder 5 .49275 chord +x=0 chord +y=0
cylinder 20 .5588 chord +x=0 chord +y=0
cuboid 30 0.7366 0.0 0.7366 0.0
media 1 1 1
media 2 1 2 -1
media 3 1 3 -2
media 4 1 4 -3
media 515 -4

media 10 1 20 -5
media 11 1 30 -20
boundary 30 4 4
end geom
read bounds
all=refl
end bounds
end model
end
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3.1.6.6 TRITON sample problem 7: triton7.inp

Sample problem triton7.inp is an example of a T-DEPL depletion calculation for a full PWR fuel assembly
model. Depletion is performed on the basis of material 7, which is located in a single fuel pin for which
destructive assay measurements were performed. All other fuel is modeled as a single (average) material,
material 1. The parameter specification parm=(2region,addnux=1,weight) was chosen to reduce the run-time
of the sample problem.

This sample problem also demonstrates the use of TRITON’s standard composition restart files and SCALE
external file reading capabilities to represent the time-dependent behavior of an assembly in which burnable
poisons are removed after the first cycle of operation.

This problem consists of two TRITON 2D depletion cases. In the first case, the full assembly model contains
borosilicate glass burnable poison rods (BPRs), material 4, which are included in the list of materials to
be depleted. The calculation is run for the entirety of the first operational cycle, which included a 40-day
mid-cycle decay interval. The model also includes a 64-day decay interval after the end of the operational
cycle. When this calculation is completed, TRITON creates in the temporary working directory a standard
composition file for each material containing the isotopic inventories for each depletion material at the end of
the 64-day decay interval. The second TRITON calculation reads the standard composition specifications for
materials 1 and 7 as part of the input to provide the fuel state for the second calculation. In the second model,
the BPRs are removed and replaced with the moderator in the embedded NEWT model. The initial depletion
calculation uses the 252 ENDF/B-VII.1 library. With the parm=(. .. ,weight) option, a 56 group library is
created in the temporary directory called newxnlib. This library is used for the second 7-NEWT calculation.

' THIS SAMPLE PROBLEM TEST THE FOLLOWING:
" ** t-depl sequence
v7-252 group library
2region cross section processing
latticecell cross section processing option
deplete-by-constant flux
parm=addnux=1 option to add 15 nuclides to fuel material
mixture power normalization
timetable block using density multiplier
composition restart files.
** weight used to collapse library for reuse in restart calculation
=t-depl parm=(2region,addnux=1,weight)

'

ASSEMBLY model with BPRs with depletion
v7-252
read comp
uo2 1 den=9.550 1 743 92234 0.023 92235 2.561 92236 0.013 92238 97.403 end
wtptzirc 2 6.44 4 40000 97.91 26000 0.5 50116 0.86 50120 0.73 1.0 620 end
h2o 3 den=0.7544 1 559 end
wtptbor 3 0.7544 1 5000 100 652.5e-6 559 end
wtptbpr 4 2.081 6 8016 53.58 11000 2.82 13027 1.758 14000 37.63 19000 0.33 5000 3.882 1 559 end
wtptair 5 0.00129 2 7000 78.0 8016 22.0 1 559.0 end
ss304 6 1 559.0 end
uo2 7 den=9.550 1 743 92234 0.023 92235 2.561 92236 0.013 92238 97.403 end
wtptzirc 8 6.44 4 40000 97.91 26000 0.5 50118 0.64 50120 0.95 1 595 end
h2o 9 den=0.7544 1 559 end
wtptbor 9 0.7544 1 5000 100 652.5e-6 559 end
end comp

read celldata
latticecell squarepitch pitch=1.
latticecell squarepitch pitch=1.
end celldata

3 3 fueld=0.9484 1 cladd=1.0719 2 end
3 9 fueld=0.9484 7 cladd=1.0719 8 end

L

read depletion
1 -7 flux 4
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end depletion

read timetable
density 3 2 5010 5011
0.00 1.000
243.5 1.000
283.5 0.379
527.0 0.379 end
density 9 2 5010 5011
0.00 1.000
243.5 1.000
283.5 0.379
527.0 ©0.379 end
end timetable

read burndata
power=20.86 burn=243.5 down=40.0 nlib=1 end
power=20.15 burn=243.5 down=64.0 nlib=1 end
end burndata

read model
ASSEMBLY model with BPRs with depletion

read parm
drawit=yes inners=2 epsilon=-5e-2 cmfd=1 xycmfd=0 echo=yes solntype=bl timed=yes
end parm

read materials
mix=6 pn=1 com="SS-304 - BPR clad" end
mix=5 pn=1 com="air in BPRs" end
mix=4 pn=1 com="borosilicate glass" end
mix=3 pn=2 com="water" end
mix=2 pn=1 com="cladding" end
mix=1 pn=1 com="2.561 wt % enriched fuel " end
mix=7 pn=1 com="rod N-9" end
end materials

read geom
global unit 10
cuboid 13 10.725 0.0 10.725 0.0
array 101 13 place 1 1 -0.715 -0.715

media 3 1 13
boundary 13 15 15
unit 1

cuboid 13 1.43 0.0 1.43 0.0

cylinder 12 0.53595 origin x=0.715 y=0.715
cylinder 11 0.4742 origin x=0.715 y=0.715
media 3 1 13 -12

media 2 1 12 -11

media 1 1 11
boundary 13 2 2
unit 2

cuboid 13 1.43 0.0 1.43 0.0

cylinder 14 0.28385 origin x=0.715 y=0.715
cylinder 15 0.30035 origin x=0.715 y=0.715
cylinder 16 0.50865 origin x=0.715 y=0.715
cylinder 17 0.55755 origin x=0.715 y=0.715
media 3 1 13 -17

media 6 1 17 -16

media 4 1 16 -15

media 6 1 15 -14

media 5 1 14
boundary 13 2 2
unit 3

cuboid 13 1.43 0.0 1.43 0.0
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cylinder 12 0.6934 origin x=0.715 y=0
cylinder 11 0.6502 origin x=0.715 y=0.
media 3 1 13 -12
media 2 1 12 -11

.715
715

media 3 1 11
boundary 13 2 2
unit 4

cuboid 13 1.43 0.715 1.43 0.0

cylinder 12 0.53595 origin x=0.715 y=0.715 chord +x=0.715
cylinder 11 0.4742 origin x=0.715 y=0.715 chord +x=0.715
media 3 1 13 -12

media 2 1 12 -11

media 1 1 11
boundary 13 1 2
unit 5

cuboid 13 1.43 0.0 1.43 0.715

cylinder 12 0.53595 origin x=0.715 y=0.715 chord +y=0.715
cylinder 11 0.4742 origin x=0.715 y=0.715 chord +y=0.715
media 3 1 13 -12

media 2 1 12 -11

media 1 1 11
boundary 13 2 1
unit 6

cuboid 13 1.43 0.715 1.43 0.0

cylinder 12 0.6934 origin x=0.715 y=0.715 chord +x=0.715
cylinder 11 0.6502 origin x=0.715 y=0.715 chord +x=0.715
media 3 1 13 -12

media 2 1 12 -11

media 3 1 11
boundary 13 1 2
unit 7

cuboid 13 1.43 0.0 1.43 0.715

cylinder 12 0.6934 origin x=0.715 y=0.715 chord +y=0.715
cylinder 11 0.6502 origin x=0.715 y=0.715 chord +y=0.715
media 3 1 13 -12

media 2 1 12 -11

media 3 1 11
boundary 13 2 1
unit 8

cuboid 13 1.43 0.715 1.43 0.715

cylinder 12 0.6934 origin x=0.715 y=0.715 chord +x=0.715 chord +y=0.715
cylinder 11 0.6502 origin x=0.715 y=0.715 chord +x=0.715 chord +y=0.715
media 3 1 13 -12

media 2 1 12 -11

media 3 1 11
boundary 13 1 1
unit 9

cuboid 13 1.43 0.0 1.43 0.0

cylinder 12 0.53595 origin x=0.715 y=0.715
cylinder 11 0.4742 origin x=0.715 y=0.715
media 3 1 13 -12

media 2 1 12 -11

media 7 1 11
boundary 13 2 2
end geom
read array
ara=101 nux=8 nuy=8 typ=cuboidal £fill
85557555
41111111
41111211
41131111
61111111
49211211
41111111
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41111111 end fill

end array

end model

end

=t-newt parm=(2region)

ASSEMBLY model without BPRs

newxnlib

read comp

<StdCmpMix00001
wtptzirc 2 6.44 4 40000 97.91 26000 0.5 50116 0.86 50120 0.73 1.0 620 end
h2o 3 den=0.7544 1 559 end
wtptbor 3 0.7544 1 5000 100 652.5e-6 559 end

<StdCmpMix00007
wtptzirc 8 6.44 4 40000 97.91 26000 0.5 50118 0.64 50120 0.95 1 595 end
h2o 9 den=0.7544 1 559 end
wtptbor 9 0.7544 1 5000 160 652.5e-6 559 end

end comp

read celldata
latticecell squarepitch pitch=1.43 3 fueld=0.9484 1 cladd=1.0719 2 end
latticecell squarepitch pitch=1.43 9 fueld=0.9484 7 cladd=1.0719 8 end
end celldata

read model
ASSEMBLY model without BPRs

read parm
drawit=yes inners=2 epsilon=-5e-2 cmfd=1 xycmfd=0 echo=yes solntype=bl timed=yes
end parm

read materials
mix=3 pn=2 com="water" end
mix=2 pn=1 com="cladding" end
mix=1 pn=1 com="2.561 wt % enriched fuel " end
mix=7 pn=1 com="rod N-9" end
end materials

read geom
global unit 10
cuboid 13 10.725 0.0 10.725 0.0
array 101 13 place 1 1 -0.715 -0.715

media 3 1 13
boundary 13 15 15
unit 1

cuboid 13 1.43 0.0 1.43 0.0
cylinder 12 0.53595 origin x=0.715 y=0.715
cylinder 11 0.4742 origin x=0.715 y=0.715
media 3 1 13 -12
media 2 1 12 -11
media 1 1 11
boundary 13 2 2

unit 3
cuboid 13 1.43 0.0 1.43 0.0
cylinder 12 0.6934 origin x=0.715 y=0.
cylinder 11 0.6502 origin x=0.715 y=0.
media 3 1 13 -12
media 2 1 12 -11

media 3 1 11
boundary 13 2 2
unit 4

cuboid 13 1.43 0.715 1.43 0.0
cylinder 12 0.53595 origin x=0.715 y=0.715 chord +x=0.715
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cylinder 11 0.4742 origin x=0.715 y=0.715 chord +x=0.715
media 3 1 13 -12

media 2 1 12 -11

media 1 1 11

boundary 13 1 2

unit 5

cuboid 13 1.43 0.0 1.43 0.715

cylinder 12 0.53595 origin x=0.715 y=0.715 chord +y=0.715
cylinder 11 0.4742 origin x=0.715 y=0.715 chord +y=0.715
media 3 1 13 -12

media 2 1 12 -11

media 1 1 11

boundary 13 2 1

unit 6

cuboid 13 1.43 0.715 1.43 0.0

cylinder 12 0.6934 origin x=0.715 y=0.715 chord +x=0.715
cylinder 11 0.6502 origin x=0.715 y=0.715 chord +x=0.715
media 3 1 13 -12

media 2 1 12 -11

media 3 1 11

boundary 13 1 2

unit 7

cuboid 13 1.43 0.0 1.43 0.715

cylinder 12 0.6934 origin x=0.715 y=0.715 chord +y=0.715
cylinder 11 0.6502 origin x=0.715 y=0.715 chord +y=0.715
media 3 1 13 -12

media 2 1 12 -11

media 3 1 11

boundary 13 2 1

unit 8

cuboid 13 1.43 0.715 1.43 0.715

cylinder 12 0.6934 origin x=0.715 y=0.715 chord +x=0.715 chord +y=0.715
5 0.715 chord +x=0.715 chord +y=0.715

cylinder 11 0.6502 origin x=0.71
media 3 1 13 -12

media 2 1 12 -11

media 3 1 11

boundary 13 1 1

unit 9

end

cuboid 13 1.43 0.0 1.43 0.0

cylinder 12 0.53595 origin x=0.715 y=0.715
cylinder 11 0.4742 origin x=0.715 y=0.715
media 3 1 13 -12

media 2 1 12 -11

media 7 1 11

boundary 13 2 2

geom

read array

ara=101 nux=

LN < I ]

end
end
end

nuy=8 typ=cuboidal fill
5575

e N
e

5
1
1
1
1
1
1
1

R WR R R
R R WRERWR

11
array
model

end fill
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3.1.6.7 TRITON sample problem 8: triton8.inp

Sample problem triton8.inp is an example of TRITON’s simplified cross section processing scheme in
a BWR-like configuration. It uses the T-DEPL extended format for the DEPLETION block to allow
material assignments to be made to reduce the number of cross section processing calculations required in
a multimaterial depletion model. In this sample problem, the lower-left quadrant of a 6 x 6 fuel assembly
is modeled (see Fig. 3.1.12). The fuel pin layout is as follows: one 2.3% >*U-enriched fuel pin in the
southwest corner (red pin), one-fourth of a water rod in the northeast corner, five 3.6% 235U-enriched fuel
pins (2 green, 1 yellow, and 2 blue pins), and two gadolinium-bearing pins each modeled with three fuel
rings. (Gadolinium-bearing pins are typically modeled with multiple fuel rings due to the strong spatial
dependence of the flux.) Due to diagonal symmetry, only seven depletion material regions need to be defined:
the red, green, yellow, and blue pins along with three regions for the gadolinium-bearing pins. Although
seven depletion materials are defined, only three cell specifications are used: one for the gadolinium-bearing
pin cell and one each for the 2.3% and 3.6% >*>U-enriched pin cells. This model makes extensive use of
aliases. The sequence is run with parm=(addnux=0,. .. ), which includes no extra nuclides, for an accelerated
solution; however, this is an extremely poor approximation unless important nuclides are manually specified.
This example also illustrates the use of the keyword flux in the DEPLETION data block to force flux-based
ORIGEN calculations in place of power-based calculation for all three rings of the gadolinium-bearing fuel
pins. Finally, this case uses the parm=(...,weight,. .. ) directive to request the automatic collapse of the input
238 ENDF/B-VII library to a 49 group library (collapsed using the 238-group system-averaged flux), which
is then used for depletion calculations.

' THIS SAMPLE PROBLEM TEST THE FOLLOWING:

' ** t-depl sequence

** y7-252 group library

** centrm cross section processing

*#* parm=weight option for the t-depl sequence, which uses builtin 49-group collapse
" #* Jatticecell cross section processing option

' ** multi-region cross section processing option

" ** deplete-by-constant flux and by constant power

' ** parm=addnux=0 option to add 0 nuclides to fuel material
“* system power normalization

** depletion assignments

** alias block

=t-depl parm=(addnux=0,weight)

BWR-1like depletion model with lattice physics calculations
v7-252

read alias

$fuel23 1 end

$fuel36 2-4 end

$2fuels 1,2 end

$2clads 401-402 end

$2mods 201-202 end

$fuelg 5-7 end

$h20solid 399 end

$allfuels 1-7 end

end alias

read comp

"2.3 w/o
u-234 1 0 4.7008e-06 900 end
u-235 1 0 5.2968e-04 900 end
u-236 1 0 3.4083e-06 900 end
u-238 1 0 2.2208e-02 900 end
0-16 1 0 4.5491e-02 900 end

''3.6 w/o
u-234 2 0 7.5720e-06 900 end
u-235 2 0 8.2904e-04 900 end
u-236 2 0 5.1701e-06 900 end
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u-238 2 0 2.1907e-02 900 end
0-16 2 0 4.5497e-02 900 end
' Gd Pin
u-234 $fuelg 0 5.8824e-06 900 end
u-235 $fuelg 0 6.5057e-04 900 end
u-236 $fuelg 0 4.1028e-06 900 end
u-238 $fuelg 0 2.0759e-02 900 end
0-16 $fuelg 0 4.5095e-02 900 end
gd-154 $fuelg .2253e-05 900 end
gd-155 $fuelg .2141e-04 900 end
gd-156 $fuelg .0778e-04 900 end
gd-157 $fuelg .3576e-04 900 end
gd-158 $fuelg .7393e-04 900 end
gd-160 $fuelg O 3.3200e-04 900 end
' Clad nat. zr per spec.
zirc4 $2clads den=6.53 1 559 end
zirc4 409 den=6.53 1 559 end
" lwtr mod den (g/cc) (1-void) tmp(K)
h2o $2mods den=0.457 1.0000 559 end
h2o 209 den=0.457 1.0000 559 end
h2o0 399 den=0.737 1.0000 559 end
end comp

[ — I — I — ]
w N wWwNhhwWw

read celldata
latticecell squarepitch pitch=1.63 $2mods fuelr=0.529 $2fuels cladr=0.615 $2clads end
multiregion cylindrical right_bdy=white end
7 0.37405950
6 0.45812740
5 0.52900000
409 0.61500000
209 0.91962900 end zone
end celldata
read depletion
$fuel23 $fuel36 flux $fuelg end
assign 1 $fuel23 end
assign 2 $fuell36 end
end depletion
read burndata
power=25.0 burn=300 end
end burndata
read model
BWR-1like model with lattice physics calculations
read parm
soln=bl echo=yes drawit=yes sn=4 collapse=yes epsilon=1e-3 cmfd=yes xycmfd=3
end parm
read materials
mix=$allfuels pn=0 end
mix=401 pn=0 com="Zirc4' end
mix=201 pn=0 com='"H20(void)' end
mix=399 pn=0 com="H20(solid)' end
end materials
read adf
1 500 w=0.0 s=0.0
end adf
read collapse
30rl1 19r2
end collapse
read hmog
500 PSZ 1 2 3 45 6 7 401 399 201 end
end hmog

read geom
unit 001
cuboid 1 1.63 0.0000 1.63 0.0000
cylinder 2 0.615 origin x=0.815 y=0.815
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cylinder 3 0.529 origin x=0.
media 201 1 1 -2
media 401 1 2 -3
media 001 1 3

boundary 1 3 3

unit 002
cuboid 1 1.63 0.0000 1.63 0.
cylinder 2 0.615 origin x=0.
cylinder 3 0.529 origin x=0.
media 201 1 1 -2
media 401 1 2 -3
media 002 1 3

boundary 1 3 3

unit 003
cuboid 1 1.63 0.0000 1.63 0.
cylinder 2 0.615 origin x=0.
cylinder 3 0.529 origin x=0.
media 201 1 1 -2
media 401 1 2 -3
media 003 1 3

boundary 1 3 3

unit 004
cuboid 1 1.63 0.0000 1.63 0.
cylinder 2 0.615 origin x=0.
cylinder 3 0.529 origin x=0.
media 201 1 1 -2
media 401 1 2 -3
media 004 1 3

boundary 1 3 3

unit 005

815 y=0.815

0000
815 y=0.815
815 y=0.815

0000
815 y=0.815
815 y=0.815

0000
815 y=0.815
815 y=0.815

cuboid 1 1.6300 0.0000 1.6300 0.0000
cylinder 2 0.6150 origin x=0.8150 y=0.8150

cylinder 3 0.52900000 origin x=0.8150 y=0.8150
cylinder 4 0.45812740 origin x=0.8150 y=0.8150
cylinder 5 0.37405950 origin x=0.8150 y=0.8150
media 201 1 1 -2

media 401 1 2 -3

media 005 1 003 -4

media 006 1 004 -5

media 007 1 005

boundary 1 3 3
' water channels
unit 121

cuboid 1 1.63 0.0000 1.63 0.0000
cylinder 2 1.6 origin x=1.63 y=1.63
chord -x=1.63 chord -y=1.63 sides=16
cylinder 3 1.5 origin x=1.63 y=1.63
chord -x=1.63 chord -y=1.63 sides=16
media 201 1 1 -2
media 401 1 2 -3
media 399 1 3

boundary 1 3 3

global unit 50
cuboid 1 5.99 1.10 5
cuboid 2 5.99 0.846 5
cuboid 3 5.99 0.00 5.
array 1 1 place 1 1 1
media 399 1 3 -2
media 401 1 2 -1

boundary 3 12 12

end geom
ara=1 nux=3 nuy=3 pinpow=yes fill 1 2 3
2 4 5
3 5 121 end fill
end array
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end model
end

Fig. 3.1.12: BWR-like assembly design for triton8.

3.1.6.8 TRITON sample problem 10: triton10.inp

Sample problem tritonl0.inp performs NEWT-based depletion of a one-fourth symmetric assembly model.
The primary intent of this sample problem is to test and to demonstrate the use of branches and archival of
computed cross sections for a depletion case. The model includes two branch calculations-in addition to the
nominal condition-that demonstrate the different perturbation outputs available in the BRANCH block. A
two-group collapse is requested in the NEWT input, along with homogenization over all materials. (Note that
the parameter specification parm=(addnux=1) is only used to reduce run-time of the sample problem.) At the
end of the calculation, the binary file “xfile016” and text file “txtfile16” will exist in the temporary working
directory and will contain all lattice physics parameters for all branches at all depletion states. These files are
often copied back from the SCALE temporary working directory to another more permanent directory for
subsequent post-processing.

190



' THIS SAMPLE PROBLEM TEST THE FOLLOWING:

" ** t-depl sequence

v7-56 group library

** centrm cross section processing

** Jatticecell cross section processing option

* deplete-by-constant power

* parm=addnux=1 option to add 15 nuclides to fuel material
system power normalization

*#* branch block to generate few-group cross sections.
=t-depl parm=(addnux=1)

1/4 assembly model

' *

v7-56

read comp
uo2 1 0.95 923 92235 3.0 92238 97.0 end
zirc2 2 1 595 end
h2o 3 den=0.7135 1 579 end
boron 3 den=0.7135 600e-6 579 end
n 4 den=0.00125 1 595 end
zirc2 5 1 579 end
h2o 6 den=0.7135 1 579 end
boron 6 den=0.7135 600e-6 579 end
h2o 7 den=0.7135 1 579 end
boron 7 den=0.7135 600e-6 579 end
zirc2 8 1 579 end
b4c 9 den=2.52 1 579 end

end comp

read celldata
latticecell squarepitch pitch=1.4300 3 fueld=0.9294 1 gapd=0.9484 4 cladd=1.0719 2 end
end celldata
read depletion
1
end depletion
read burndata
power=40.0 burn=75 end
end burndata
read branch
define fuel 1 end
define mod 3 end
define crout 8 9 end
define crin 6 7 end
define d2pset 10 1 0.53 end
define d2pset 20 1 0.93 end
t£=923 dm=.7135 tm=579 cr=0 sb=600 end
dm=0.01 sb=0 d2p=20 end
cr=1 d2p=10 tf=300 end
end branch
read model
1/4 assembly model
read parm
echo=yes drawit=no cmfd=1 xycmfd=0 inners=2 epsilon=-5e-5 outers=300
end parm

read materials
mix=1 pn=0 com="fuel"” end
mix=2 pn=0 com="clad" end
mix=3 pn=0 com="water" end
mix=4 pn=0 com="gap" end
mix=5 pn=0 com="guide tube" end
mix=6 pn=0 com="CRout-clad" end
mix=7 pn=0 com="CRout-abs" end
mix=8 pn=0 com="CRin-clad" end
mix=9 pn=0 com="CRin-abs" end
end materials
read geom
unit 1
com="fuel rod

(continues on next page)
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cylinder 10 .4647
cylinder 20 .4742
cylinder 30 .53595
cuboid 40 4p0.715
media 1 1 10
media 4 1 20 -10
media 2 1 30 -20
media 3 1 40 -30
boundary 40 2 2
unit 5
com='guide tube
cylinder 10 .45
cylinder 20 .52
cylinder 30 .6502
cylinder 40 .6934
cuboid 50 4p0.715

media 7 1 10

media 6 1 20 -10
media 3 1 30 -20
media 5 1 40 -30

media 3 1 50 -40
boundary 50 2 2

unit 11
com=right half of fuel rod
cylinder 10 .4647 chord +x=0
cylinder 20 .4742 chord +x=0
cylinder 30 .53595 chord +x=0
cuboid 40 0.715 0.0 2p0.715
media 1 1 10
media 4 1 20 -10
media 2 1 30 -20
media 3 1 40 -30
boundary 40 1 2

unit 12
com="'top half of fuel rod
cylinder 10 .4647 chord +y=0
cylinder 20 .4742 chord +y=0
cylinder 30 .53595 chord +y=0
cuboid 40 2p0.715 0.715 0.0
media 1 1 10
media 4 1 20 -10
media 2 1 30 -20
media 3 1 40 -30
boundary 40 2 1

unit 51
com="right half of guide tube
cylinder 10 .45 chord +x=0
cylinder 20 .52 chord +x=0
cylinder 30 .6502 chord +x=0
cylinder 40 .6934 chord +x=0
cuboid 50 0.715 0.0 2p0.715

media 7 1 10

media 6 1 20 -10
media 3 1 30 -20
media 5 1 40 -30

media 3 1 50 -40
boundary 50 1 2

unit 52
com="top half of guide tube
cylinder 10 .45 chord +y=0
cylinder 20 .52 chord +y=0
cylinder 30 .6502 chord +y=0
cylinder 40 .6934 chord +y=0
cuboid 50 2p0.715 0.715 0.0
media 7 1 10
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media 6 1 20 -10
media 3 1 30 -20
media 5 1 40 -30

media 3 1 50 -40
boundary 50 2 1
unit 53
com='1/4 instrument tube
cylinder 10 .6502 chord +x=0 chord +y=0
cylinder 20 .6934 chord +x=0 chord +y=0
cuboid 40 0.715 0.0 0.715 0.0
media 3 1 10
media 5 1 20 -10
media 3 1 40 -20
boundary 40 1 1
global unit 10
com='1/4 assembly'
cuboid 10 10.725 0.0 10.725 0.0
array 1 10 place 110 0
media 3 1 10
boundary 10 15 15
end geom
read coll
25r1 19r2
end coll
read homog
500 allmatl 1 2 34567 89 end
end homog
read array
ara=1 nux=8 nuy=8 typ=cuboidal pinpow=yes
fill
53
11
11
11
51
11
11
11 1
end array
read bounds
all=refl
end bounds
end model
end

2

N
N
N
N
N

2

e

1
1
1
1
1
1
1
1

R R R R R R e
e e
R R R RRRRO0
R R URRUR =
e e

end fill

3.1.6.9 TRITON sample problem 11: triton11.inp

Sample problem tritonl l.inp demonstrates the use of determining Dancoff factors for a BWR fuel assembly.
The BWR assembly design contains a 7 X 7 array of fuel pins enclosed by a channel box (see Fig. 3.1.13).
The in-channel moderator void fraction is 40%, and the bypass moderator void fraction is 0%. The input
file contains an MCDANCOFF input file that calculates the Dancoff factors for each fuel pin (See the
MCDANCOFF chapter). The MCDANCOFF input is essentially the equivalent of the KENO-VI model of
the 2D assembly design. Following the MCDANCOFF input, the T-NEWT input is provided that shows how
the computed Dancoff factors are inserted into the TRITON model. The Dancoff factors are inserted into the
model via the centrmdata keyword entry in the CELLDATA block.
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Fig. 3.1.13: triton11 BWR assembly design.

' THIS SAMPLE PROBLEM TESTS THE FOLLOWING:

=mcdancoff
PB CYCLE1

xn01

read comp

uo2
uo2
uo2
uo2
uo2
uo2
uo2
uo2
uo2

1
201
2
202
212
203
213
4
500

den=10.
den=10.
den=10.
den=10.
den=10.
den=10.
den=10.
den=10.
den=10.

29

0.

[— I — I I — I — I I — I}

900
900
900
900
900
900
900
900
900

92235
92235
92235
92235
92235
92235
92235
92235
92235

gd203 500 den=10.29 0.03 900 end

he 121 den=4.9559E-4 1 711.15 end

zirc2 101 den=5.678 1 630 end
h2o 111 den=0.4577 1 560 end
zirc4 630 den=6.525 1 630 end

h2o

620 den=0.738079 1 560 end

end comp

NRRRRRRNN

92234
92234
92234
92234
92234
92234
92234
92234
92234

[ — I — I — I — B I — I )

.0261
.0261
.0173
.0173
.0173
.0150
.0150
.0118
.0261

92236
92236
92236
92236
92236
92236
92236
92236
92236

[ — I I — I — B I — I — )

** mcdancoff sequence to compute problem dependent dancoffs.

.0135

0135

.0089
.0089
.0089
.0078
.0078
.0061
.0135

92238
92238
92238
92238
92238
92238
92238
92238
92238

.0304
.0304
.0338
.0338
.0338
.2872
.2872
.6521
.0304

end
end
end
end
end
end
end
end
end
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read parm
gen=100 npg=100 nsk=0 htm=no flx=yes fdn=yes run=yes
end parm
read geom
unit 11
com="corner rod 1.33% enr"
cylinder 1  0.60579 2pl.0®
cylinder 2 0.62103 2pl.®
cylinder 3  0.71501 2pl.0
cuboid 4 4p0.9375 2pl.®

media 10
media 11
boundary
unit 12
com="edge rod 1.69% enr"
cylinder 1  0.60579 2pl.0®
cylinder 2 0.62103 2pl.0
cylinder 3  0.71501 2pl.0®
cuboid 4 4p0.9375 2pl.0®
media 203 1 1
media 121 1 2 -1
media 101 1 3 -2
media 111 1 4 -3
boundary 4
unit 14
com="edge rod 1.94% enr"
cylinder 1  0.60579 2pl.0®
cylinder 2 0.62103 2pl.0®
cylinder 3  0.71501 2pl.0®
cuboid 4 4p0.9375 2pl.®
media 202 1
media 121 1
media 101 1
media 111 1
boundary
unit 17
com="corner rod 1.69% enr"
cylinder 1  0.60579 2pl.0®
cylinder 2 0.62103 2pl.0
cylinder 3  0.71501 2pl1.0
cuboid 4 4p0.9375 2pl.®
media 213 1 1
media 121 1 2 -1
media 101 1 3 -2
media 111 1 4 -3
boundary 4
unit 22
com="interior rod 1.94% enr"
cylinder 1  0.60579 2pl.0
cylinder 2 0.62103 2pl.0
cylinder 3  0.71501 2pl.0
cuboid 4 4p0.9375 2pl.®
media 21
media 121 1
media 101 1
media 111 1
boundary
unit 23
com="interior rod 2.93% enr"
cylinder 1  0.60579 2pl.0®
cylinder 2 0.62103 2pl.0
cylinder 3  0.71501 2pl.0
cuboid 4 4p0.9375 2pl.0®

p

411
media 121 2 -1
113-2
114-3

4

iy

o w N
1 U 1
W N =

p
1
2 -1
3 -2
4 -3
4
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media 1
media 121
media 101
media 111
boundary
unit 33
com="interior gad pin"

cylinder 5 0.60579 2pl.0®
cylinder 6 0.62103 2pl.0®
cylinder 7 0.71501 2pl1.0
cuboid 8 4p0.9375 2pl.®
media 500 1 5

media 121 1 6 -5

media 101 1 7 -6

media 111 1 8 -7

boundary 8

unit 37

com="edge rod 2.93% enr"
cylinder 1  0.60579 2pl.0
cylinder 2 0.62103 2pl.0
cylinder 3  0.71501 2pl.0
cuboid 4 4p0.9375 2pl.0
media 201 1 1

media 121 1 2 -1

media 101 1 3 -2

media 111 1 4 -3

boundary 4

unit 77

com="corner rod 1.94% enr"
cylinder 1  0.60579 2pl.0
cylinder 2 0.62103 2pl.®
cylinder 3  0.71501 2pl.0
cuboid 4 4p0.9375 2pl.0
media 212 1 1

media 121 1 2 -1

media 101 1 3 -2

media 111 1 4 -3

boundary 4

global unit 100
cuboid 1 4p6.5625 2pl.0
array 1 1 place 441 0.0 0.0 0.0
cuboid 2  4p6.70306 2pl.0®
cuboid 3  4p6.90626 2pl.0
cuboid 10 4p7.62 2pl.0
media 111 1 2 -1
media 630 1 3 -2
media 620 1 10 -3

boundary 10
end geom
read array
ara=1 nux=7 nuy=7 nuz=1 typ=cuboidal
fill

17 14 37 37 37 14 77
14 23 33 23 23 23 14
14 23 23 23 33 23 37
14 23 23 23 23 23 37
12 23 33 23 23 33 37
12 22 23 23 23 23 14
11 12 12 14 14 14 17 end fill

end array

read bounds

all=refl
end bounds
read start
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dancoff array
dancoff array
dancoff array
dancoff array
dancoff array
dancoff array
dancoff array
dancoff array
dancoff array
dancoff array
dancoff array
dancoff array
dancoff array
dancoff array
dancoff array
dancoff array
dancoff array
dancoff array
dancoff array
dancoff array
dancoff array
dancoff array
dancoff array
dancoff array
dancoff array
dancoff array
dancoff array
dancoff array

end start

end data

end

unit 17 region
unit 14 region
unit 14 region
unit 14 region
unit 12 region
unit 12 region
unit 11 region
unit 14 region
unit 23 region
unit 23 region
unit 23 region
unit 23 region
unit 22 region
unit 37 region
unit 33 region
unit 23 region
unit 23 region
unit 33 region
unit 37 region
unit 23 region
unit 23 region
unit 23 region
unit 37 region
unit 23 region
unit 33 region
unit 14 region
unit 23 region
unit 77 region

R ERERERERRRRRRRERRBEBRRBRRRERRRBERRRRR#RB B
NoOoOOuvuud BB EAE PR WWWWWNNNNDNDNRRRRRR =
R NERWNRBABWNROUOUBRWNROUD WNRNO VD WNR
R R R RRBRRRRRRRRRERRBRRRRERRBRRRERBERRERRRKRRR
R R RRRBRRRRRRBRRRRRBRRRRRRERRRRRBRRRERHBR

3.1.6.10 TRITON sample problem 12: triton12.inp

Sample problem triton12.inp illustrates the use of the TRITON-NEWT with a model with numerous mixtures
and aliases. Sample problem 11 demonstrates how MCDANCOFF is used to compute fuel pin Dancof factors
for designs where nonuniform lattice effects play a critical role in cross section processing. The Dancoff
factors are inserted into the follow-on T-NEWT model through the centrmdata keyword in the CELLDATA
block. The output for the T-NEWT model in sample problem 11 provides an adjusted moderator pitch needed
to preserve the user-specified Dancoff factor. As common in other sample problems, several input options
were used to reduce the run-time—and therefore solution accuracy—of the sample problem.

=t-newt parm=(check)
PB CYCLE1
v7-252
' Data taken from:
' Benchmark for Uncertainty Analysis in Modeling (UAM)
for Design, Operation and Safety Analyses of LIRs,
Nuclear Energy Agency, 2007.
read alias
$gadpin 500 end
$clad 101 102 103 104 105 301 302 303 304 305 end
$mod 111 112 113 114 115 311 312 313 314 315 end
$gap 121 122 123 124 125 321 322 323 324 325 end
end alias
read comp
' 2.93% enriched fuel pin
uo2 1 den=10.42 0.99 900 92235 2.93 92234 0.0261 92236 0.0135 92238 97.0304 end
uo2 201 den=10.42 0.99 900 92235 2.93 92234 0.0261 92236 0.0135 92238 97.0304 end
' 1.94% enriched fuel pin
uo2 2 den=10.42 0.99 900 92235 1.94 92234 0.0173 92236 0.0089 92238 98.0338 end
uo2 202 den=10.42 0.99 900 92235 1.94 92234 0.0173 92236 0.0089 92238 98.0338 end

'

'

(continues on next page)
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uo2 212 den=10.42 0.99 900 92235 1.94 92234 0.0173 92236 0.0089 92238 98.0338 end
' 1.69% enriched fuel pin
uo2 203 den=10.42 0.99 900 92235 1.69 92234 0.0150 92236 0.0078 92238 98.2872 end
uo2 213 den=10.42 0.99 900 92235 1.69 92234 0.0150 92236 0.0078 92238 98.2872 end
' 1.33% enriched fuel pin
uo2 4 den=10.42 0.99 900 92235 1.33 92234 0.0118 92236 0.0061 92238 98.6521 end
' 3% Gd203 by weigh, 2.93% enriched fuel pin
uo2 $gadpin den=10.29 0.97 900 92235 2.93 92234 0.0261 92236 0©.0135 92238 97.0304 end
gd203 $gadpin den=10.29 0.03 900 end
' gap/clad/moderator
he $gap den=4.9559E-4 1 711.15 end
zirc2 $clad den=5.678 1 630 end
h2o0  $mod den=0.4577 1 560 end
' channel
zirc4 630 den=6.525 1 630 end
water in bypass
h2o0 620 den=0.738079 1 560 end
end comp
read celldata
latticecell squarep pitch=1.87452 111 fuelr=0.60579 1 gapr=0.62103 121 cladr=0.71501 101 end
centrmdata dan2pitch=0.504 end centrmdata
latticecell squarep pitch=1.87452 112 fuelr=0.60579 2 gapr=0.62103 122 cladr=0.71501 102 end
centrmdata dan2pitch=0.494 end centrmdata
latticecell squarep pitch=1.87452 114 fuelr=0.60579 4 gapr=0.62103 124 cladr=0.71501 104 end
centrmdata dan2pitch=0.362 end centrmdata
latticecell squarep pitch=1.87452 311 fuelr=0.60579 201 gapr=0.62103 321 cladr=0.71501 301 end
centrmdata dan2pitch=0.423 end centrmdata
latticecell squarep pitch=1.87452 312 fuelr=0.60579 202 gapr=0.62103 322 cladr=0.71501 302 end
centrmdata dan2pitch=0.423 end centrmdata
latticecell squarep pitch=1.87452 313 fuelr=0.60579 203 gapr=0.62103 323 cladr=0.71501 303 end
centrmdata dan2pitch=0.417 end centrmdata
latticecell squarep pitch=1.87452 314 fuelr=0.60579 212 gapr=0.62103 324 cladr=0.71501 304 end
centrmdata dan2pitch=0.359 end centrmdata
latticecell squarep pitch=1.87452 315 fuelr=0.60579 213 gapr=0.62103 325 cladr=0.71501 305 end
centrmdata dan2pitch=0.357 end centrmdata
latticecell squarep pitch=1.87452 115 fuelr=0.60579 500 gapr=0.62103 125 cladr=0.71501 105 end
centrmdata dan2pitch=0.506 end centrmdata
end celldata

'

read model

PB CYCLE1

read parm
echo=yes timed=yes drawit=yes cmfd=1 epsilon=3e-3 inners=2 therm=yes therms=1 outers=9999 xycmfd=4

end parm

read materials
mix= 1 pn=1 com='2.93% U02' end
mix= 2 pn=1 com='1.94% U02' end
mix= 4 pn=1 com='1.33% U02' end
mix=$gadpin pn=1 com='2.93% U02 (3% Gd)' end
mix=201 pn=1 com=2.93% U0O2, edge' end
mix=202 pn=1 com='1.94% U02, edge' end
mix=212 pn=1 com='1.94% U0O2, corner' end
mix=203 pn=1 com='1.69% U0O2, edge' end
mix=213 pn=1 com='1.69% U0O2, corner' end
mix=111 pn=2 com=H20(void)' end
mix=101 pn=1 com="Zirc2' end
mix=121 pn=1 com="Helium' end
mix=620 pn=2 com=H20(solid)' end
mix=630 pn=1 com="Zirc4' end

end materials

read geom
unit 11

com="corner rod 1.33% enr"
cylinder 1  0.60579
cylinder 2 0.62103

(continues on next page)

198




(continued from previous page)

cylinder 3  0.71501
cuboid 4 4p0.9375
media 4
media 121
media 101
media 111
boundary
unit 12
com="edge rod 1.69% enr"
cylinder 1  0.60579
cylinder 2  0.62103
cylinder 3  0.71501
cuboid 4 4p0.9375
media 203 1 1
media 121 1 2
13
14
4

11
12-1
13 -2
14-3
4 2

2

media 101
media 111
boundary
unit 14
com="edge rod 1.94% enr"
cylinder 1  0.60579
cylinder 2 0.62103
cylinder 3  0.71501
cuboid 4 4p0.9375
media 202 1 1
media 121 1
media 101 1
media 111 1
boundary
unit 17
com="corner rod 1.69% enr"
cylinder 1  0.60579
cylinder 2 0.62103
cylinder 3  0.71501
cuboid 4 4p0.9375
media 213 1 1
media 121 1 2
media 101 1 3
14
4

-1
-2
-3
2

2

bk wN
LI |
N WN =

media 111
boundary
unit 22
com="interior rod 1.94% enr"
cylinder 1  0.60579
cylinder 2 0.62103
cylinder 3  0.71501
cuboid 4 4p0.9375
media 21
media 121 1
11
11

-1
-2
-3
22

media 10
media 11
boundary
unit 23
com="interior rod 2.93% enr"
cylinder 1  0.60579
cylinder 2 0.62103
cylinder 3 0.71501
cuboid 4 4p0.9375
media 11
media 121 1
11
11

p
1
2 -1
3 -2
4 -3
4 22

media 10
media 11
boundary
unit 33
com="interior gad pin"
cylinder 1  0.270917524

p
1
2 -1
3 -2
4 -3
4 2

2
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cylinder 2  0.383135237
cylinder 3  0.469242916
cylinder 4 0.541835048
cylinder 5 0.60579
cylinder 6 0.62103
cylinder 7 0.71501
cuboid 8 4p0.9375
media 500 1 1
media 500 1 2 -1
media 500 1 3 -2
media 500 1 4 -3
media 500 1 5 -4
media 121 1 6 -5
media 101 1 7 -6
media 111 1 8 -7
boundary 8 22

unit 37

com="edge rod 2.93% enr'

cylinder 1  0.60579
cylinder 2  0.62103
cylinder 3  0.71501

cuboid

4 4pg.9375

media 201 1 1
media 121 1 2 -1

media 101 1 3
media 111 1
boundary

unit 77

-2
4 -3
4 2

"

com="corner rod 1.94% enr"
cylinder 1  0.60579
cylinder 2 0.62103
cylinder 3 0.71501

cuboid 4 4p0.9375
media 212 1 1
media 121 1 2 -1
media 101 1 3 -2
media 111 1 4 -3
boundary 4 22

global unit
cuboid

100
1 4p6.70306

array 1 1 place 4 4 0.0 0.0
cuboid 2  4p6.90626

cuboid
media

10 4p7.62
11111

media 630 1 2 -1
media 620 1 10 -2

boundary
end geom
read array

10 32 32

ara=1 nux=7 nuy=7 typ=cuboidal

fill
17 14
14 23
14 23
14 23
12 23
12 22
11 12
end array
read bounds
all=refl
end bounds
end model
end

37 37 37
33 23 23
23 23 33
23 23 23
33 23 23
23 23 23
12 14 14

14
23
23
23
33
23
14

77
14
37
37
37
14
17 end fill
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3.1.6.11 TRITONG sample problem 1: triton6-1.inp

Sample problem triton6-1.inp is an example of KENO-VI-based depletion for an infinite lattice of cylinders
fabricated with particulate TRISO fuel dispersed in a graphite matrix. This provides an example of the cross
section processing specification of a doubly heterogeneous (DOUBLEHET) media and use of the resultant
homogenized media in a depletion calculation.

' THIS SAMPLE PROBLEM TEST THE FOLLOWING:
** t6-depl sequence
v7-252 group library
“* centrm cross section processing
double-heterogeneous cross section processing option
** deplete-by-constant power and flux
* system power normalization
depl parm=centrm

' £

%

'

=t6-

Test case - infinite cylinder
v7-252
read comp

' fuel kernel

u-238 101 O 1.72877e-2 293.6 end

u-235 101 0 5.92585e-3 293.6 end

o 101 O 4.64272e-2 293.6 end

b-10 101 ® 1.14694e-7 293.6 end

b-11 101 O 4.64570e-7 293.6 end
' first coating

C 102 0 5.26449e-2 293.6 end
' inner pyro carbon

c 103 0 9.52621e-2 293.6 end
' silicon carbide

C 104 O 4.77240e-2 293.6 end

si 104 0 4.77240e-2 293.6 end
' outer pyro carbon

C 105 0 9.52621e-2 293.6 end
' graphite matrix

c 106 O 8.77414e-2 293.6 end
' carbon pebble outer coating

C 107 © 8.77414e-2 293.6 end

b-10 107 0 9.64977e-9 293.6 end

b-11 107 ® 3.90864e-8 293.6 end

he-3 108 0 3.71220e-11 293.6 end

he-4 108 © 2.65156e-5 293.6 end
end comp

read celldata
doublehet right_bdy=white fuelmix=10 end
gfr=0.025 101
coatt=0.009 102
coatt=0.004 103
coatt=0.0035 104
coatt=0.004 105
matrix=106 numpar=15000 end grain
rod squarepitch right_bdy=white hpitch=3.0 108 fuelr=2.5 cladr=3.0 107 fuelh=365 end
end celldata
read depletion
101 flux 107
end depletion
read burndata
power=30 burn=600 down=30 nlib=1 end
end burndata
read model
read param
npg=200 gen=350 nsk=100 htm=no
end param
read geometry
global unit 1
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cylinder 1 2.5 99 -99
cylinder 2 3.0 99 -99
cuboid 3 4p3.0 99 -99

media 10 1 1

media 107 1 2 -1

media 108 1 3 -2
boundary 3

end geometry

read bounds
all=mirror

end bounds

end data

end model

end

3.1.7 APPENDICES
3.1.7.1 XSDRN Model Block Description

The model data block for 7-XSDRN and T-DEPL- 1D calculations allows specification of the 1D geometry
model and various control parameters used in the transport solution. The XSDRN MODEL block input is
arranged in blocks of data that are similar to the NEWT MODEL block input described in Sect. 9.2. The
XSDRN model input starts with an optional 80-character title, followed by a PARAMETER block, and then
the following three data blocks in any order: the GEOMETRY data block, the MATERIAL data block, and
the optional COLLAPSE data block. If the PARAMETER, GEOMETRY, and MATERIAL data block are not
specified, an error message is printed and the problem is terminated. Sample input files for 7-XSDRN and
T-DEPL-1D calculations are provided in TRITON sample problems 2 and 3, respectively.

XSDRN PARAMETER block
PARAMETER Block keyword = parm, para, parameter, or parameters

Valid PARAMETER block specifications are described below. For each keyword, allowable values are listed
in parentheses, and the default is listed in brackets. Input that can take an arbitrary integer value is indicated
by an IN; similarly, any parameter that can take an arbitrary real/floating point value is indicated by RN as
the allowable value. SCALE read routines allow the input of integers for real numbers, and vice versa, and
the number will be converted accordingly. The order of the parameters within the block is arbitrary and may
be skipped if a default value is desired for that parameter. If a parameter is listed multiple times, the final
specified value is used.

bf=(RN) - Buckling factor, equal to twice the extrapolation distance multiplier used to determine the zero
point of the asymptotic flux. [1.420892]

collapse=(yes/no) - If collapse=yes is specified, a flux-weighted collapse is performed by material number;
cross sections for each nuclide in each material in the problem are collapsed to a specified (or default) group
structure based on the average flux in that material. If collapse=yes, TRITON will look for the COLLAPSE
block; if not found, TRITON will generate cross sections based on the original group structure. [no]

deltay=(RN) - The first transverse dimension in centimeters used in a buckling correction to calculate
leakage normal to the principal calculation direction (i.e., the height of a slab or a cylinder).

deltaz=(RN) - The second transverse dimension in centimeters used in a buckling correction (i.e., the width
of a slab).
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difftreatment=(mg_1d_sigtr/mg_0d_diff/mg_0d_sigtr/1g_0d_sigtr) - Diffusion treatment option for trans-
verse leakage corrections. The mg_1d_sigtr option uses zone-dependent transport cross-sections for the
transverse leakage correction. The mg_0d_diff option uses flux-volume-weighted homogenized diffusion
coefficients. The mg_0d_sigtr option uses flux-volume weighted homogenized transport cross-sections. The
1g_0d_sigtr option uses a one-group homogenized transport cross-section. [1g_0d_sigtr]

epsglobal=(RN) - Overall problem convergence criteria. [1.0e-6]
epsouter=(RN) - Scalar flux convergence criteria. [1.0e-6]

inners=(IN) - Maximum number of inner iterations in an energy group. [20]
outers=(IN) - Maximum number of outer iterations. [100]

prtflux=(yes/no) - Flag indicating whether or not scalar flux values are should be printed in problem output.
[no]

prtangflux=(yes/no) - Flag indicating whether or not angular flux values should be printed in problem output.
[no]

prtbalnc=(yes/no) - Flag indicating whether or not fine-group material balance tables should be printed in
problem output. [no]

prtmxsec=(yes/no/1d) - Flag indicating whether or not material macroscopic cross sections should be printed
in problem output. The 1D option indicates that 2D scattering tables are not to be printed. [no]

sn=(2/4/6/8/16/32) - Sn quadrature order for the transport calculations.
XSDRN GEOMETRY block
GEOMETRY Block keyword = geom, geometry

The GEOMETRY block is used to specify the geometry type (e.g., slab, cylinder, or sphere), the boundary
conditions, the 1D material mesh (i.e., zone mesh), and the 1D spatial mesh used in the transport calculation.
The order of the parameters entered in the GEOMETRY block is arbitrary and can be any of the following
supported keyword specifications or keyword array specifications.

geom=(slab/cylinder/sphere) - Problem geometry. Keywords geometry=, ige=, and cyl for cylinder are also
allowed. [slab]

leftbc=(vaccum/periodic/white/albedo/mirror) - Left-hand boundary condition. Keywords ibl=, vac for
vacuum, refl for mirror, and reflected for mirror are also allowed. [mirror]

rightbc=(vaccum/periodic/white/albedo/mirror) - Right-hand boundary condition. Keywords ibr=, vac for
vacuum, refl for mirror, and reflected for mirror are also allowed. [mirror]

left_albedo RN1 RN2 ... RNN end left_albedo - The left-hand boundary albedo values as a function
of energy group. The left_albedo array is ignored if leftbc= is vacuum, periodic, white, or mirror. If the
left_albedo array is omitted and leftbc=albedo, white boundary conditions are used. If the number of entries
in the left_albedo array does not equal the number of energy groups in the cross-section library, an error
message is printed and the problem is terminated.

right_albedo RN1 RN2 ... RNN end right_albedo - The right-hand boundary albedo values as a function
of energy group. The right_albedo array is ignored if rightbc= is vacuum, periodic, white, or mirror. If the
right_albedo array is omitted and rightbc=albedo, white boundary conditions are used. If the number of
entries in the right_albedo array does not equal the number of energy groups in the cross-section library, an
error message is printed and the problem is terminated.

203



zoneids IN1 IN2 ... INN end zoneids - Material composition number by zone. The number of entries in
the zoneids array defines the number of zones for the problem. If the zoneids array is not defined, an error
message is printed and the problem is terminated.

zonedimensions RN1 RN2 ... RNN end zonedimensions - The right-hand boundary for each zone is given
in centimeters. Note that the left-hand boundary of the first zone is 0.0 and must not be entered. If the
zonedimensions array is not defined or the number of entries does not equal the number of entries in the
zoneids array, then an error message is printed and the problem is terminated.

zoneintervals IN1 IN2 ... INN end zoneintervals - Number of spatial mesh of constant width per each
problem zone. If specified, the number of entries of the zonedimensions array must equal the number of
entries in the zoneids array. Otherwise, an error message is printed and the problem is terminated.

mesh RN1 RN2 ... RNN end mesh - The right-hand boundary for each spatial mesh in centimeters. The
spatial mesh is the discretization used in the transport calculation. Note that the left-hand boundary of the
first spatial mesh is 0.0 and must not be entered. The zone boundaries in the zonedimensions array must be
a subset of the spatial mesh boundaries in the mesh array. Otherwise, an error message is printed and the
problem is terminated. The mesh array is optional and is not used if the zoneintervals array is specified. If
neither the zoneintervals array nor the mesh array is specified, an error message is printed and the problem is
terminated.

XSDRN MATERIAL block
MATERIAL Block keyword = matl, mat, material, materials

The MATERIAL block is used to specify the material numbers for each material used in the calculation in the
order of scattering cross section to be used for each material. The format of the MATERIAL block is identical
to the NEWT MATERIAL block that is described in detail in (Sect. 9.2). Although source and description
specifications are allowed, these options are not used by XSDRN.

XSDRN COLLAPSE block
COLLAPSE Block keyword = collapse, coll

The COLLAPSE block is used to define the energy group collapsing operation to calculate broad group
cross-section libraries using the XSDRN flux solution. The format of the COLLAPSE block is identical to the
NEWT COLLAPSE block that is described in detail in Sect. 9.2.

3.1.7.2 Data Structure for Cross Section Database File xfile016

When branch calculations are performed, TRITON archives collapsed homogenized cross sections in an
unformatted, direct-access FORTRAN file called xfile016. The contents and format of this file are described
in this appendix.

TRITON uses a library of SCALE subroutines to read and write blocks of data to direct-access FORTRAN
files. The SCALE subroutine library allows the blocks of data to have variable length, even though direct-
access FORTRAN files have a fixed record length. The data blocks can be retrieved from the file at random,
provided the block length and block starting record position are known. The block length is expressed in
terms of 4-byte words. For example, a block of 3-group macroscopic cross sections that contained the total,
fission, capture, chi, and nubar cross sections would have a block length of 15 (3 X 5), assuming that the
cross sections are stored in single precision 4-byte format.

The xfile016 file supports 11 different block types. The first seven block types appear only once in the file,
each block type occupying one of the first seven record positions. The remaining four block types, types 8-11,
are repeated for each branch, at each depletion step, starting at the eighth record position.
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Branch-specific blocks, i.e., block types 8-11, are written in the following order, for N branch calculations
over M depletion steps:

First (t=0) transport calculation, branch O (reference state)
First (t=0) transport calculation, branch 1

First (t=0) transport calculation, branch 2

First (t=0) transport calculation, branch N
Second transport calculation, branch 0 (reference state)
Second transport calculation, branch 1

Second transport calculation, branch 2

Second transport calculation, branch N

M + D)t transport calculation, branch 0 (reference state)
M + Db transport calculation, branch 1

M + 1)t transport calculation, branch 2

(M + D) transport calculation, branch N

Note that (M + 1) x (N + 1) sets are saved for M depletion steps and N branches. For each set, block types 8
and 9 are always written, whereas block types 10 and 11 are written only if pin data output was requested (nx
#0).

Block Type 1: block length data
Length: 13
Position: 1
Type: integer.
Data: datlen(13)
datlen(1) Length of block type 1 (this array), which is 13.
datlen(2) Number of blocks allocated for this file (1000). Currently not used.
datlen(3) Length of FORTRAN record for this file (512).
datlen(4) Length of block type 2: general dimensioning data.
datlen(5) Length of block type 3: depletion data.
datlen(6) Length of block type 4: branching data.
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datlen(7) Length of block type 5: branching data for advanced branch block (not yet supported).
datlen(8) Length of block type 6: currently not used.
datlen(9) Length of block type 7: energy group boundaries.
datlen(10) Length of block type 8: cross sections and misc data.
datlen(11) Length of block type 9: corner discontinuity factors.
datlen(12) Length of block type 10: pin power factors.
datlen(13) Length of block type 11: groupwise form factors.
Block Type 2: general dimensioning data
Length: datlen(4)
Position: 2
Type: integer, unless specified otherwise
Data: brnchdepl, nobranch, nsets, igm, iftg, ndelay, nadf, ncdf, ipin, nxpin, nypin, ivers, adftype, branchflag
brnchdepl Number of depletion steps + 1.
nobranch Number of branches.
nsets Number of cross-section sets on library (typically 1).
igm Number of energy groups in collapsed cross sections.
iftg First thermal energy group (max upscatter group).
ndelay Number of delayed neutron precursor groups (6).
nadf Number of assembly discontinuity factors (ADFs).
ncdf Number of corner discontinuity factors (CDFs).
ipin Flag for pin data (O = no pin data, 1 = pin data included).
nxpin Number of pins in x-direction (0 if ipin = 0).
nypin Number of pins in y-direction (0 if ipin = 0).
ivers Format version number. This appendix describes version 5 of the database structure.
adftype ADF type: (1= single-assembly, 2= reflector, 3= single-assembly on arbitrary grid lines).
branchflag (logical) TRUE for simple BRANCH block format, FALSE for advanced format.
Block Type 3: depletion data
Length: datlen(5)
Position: 3
Type: real
Data: burnup(brnchdepl), time(brnchdepl), power(brnchdepl), sysHMdens
burnup(brnchdepl) Burnup (GWd/MTHM) at each transport step.
time(brnchdepl) Cumulative cycle time (days) at each transport step.
power(brnchdepl) Specific power (MW/MTHM) at each transport step.

sysHMdens System heavy metal mass density (g/cm?).
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Block Type 4: branching data
Length: datlen(6)
Position: 4
Type: integer, unless specified otherwise

Data: fuelused, modused, crused, fuelcount, modcount, crcount, crref, tfref, tmref, mdref,
sbref, fuelmix(fuelcount), modmix(modcount), crinmix(crcount), croutmix(crcount), crstate(nobranch),
tfuel(nobranch), tmod(nobranch), dmod(nobranch), sboron(nobranch)

fuelused (logical) TRUE if fuel mixtures were specified for branches.

modused (logical) TRUE if moderator mixtures were specified for branches.

crused (logical) TRUE if control rod mixtures were specified for branches.

fuelcount Number of mixtures in fuel definition.

modcount Number of mixtures in moderator definition.

crcount Number of mixture pairs in control rod definition.

crref Reference control rod state (0/1).

tfref (real) Reference fuel temperature (K).

tmref (real) Reference moderator temperature (K).

mdref (real) Referenced moderator density (g/cm3).

sbref (real) Reference soluble boron concentration (ppm).

fuelmix(fuelcount) Mixtures defined as fuel.

modmix(modcount) Mixtures defined as moderator.

crinmix(crcount) Mixtures defined for the control-rod in state.

croutmix(crcount) Mixtures defined for the control-rod out state.

crstate(nobranch) Control rod state (O=withdrawn/1=inserted) for each branch.

tfuel(nobranch) (real) Fuel temperature (K) for each branch.

tmod(nobranch) (real) Moderator temperature (K) for each branch.

dmod(nobranch) (real) Moderator density (g/cm3) for each branch.

sboron(nobranch) (real) Soluble boron concentration (ppm) for each branch.
Block Type 5: advanced branching data

Length: datlen(7)

Position: 5

Type: integer

Data: Stores data for advanced branch block (not yet supported)

Block Type 6: currently not used
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Block Type 7: energy group boundary data
Length: datlen(9)
Position: 7
Type: real
Data: ebnds(igm+1)
ebnds(igm+1) Energy group boundaries

Blocks 1-7 are written only once. Blocks 8 and 9 (plus 10 and 11 if pin power data is output) are written for
each branch case at each depletion step.

Block Type 8: cross-section data
Length: datlen(10)
Position: 8 + (igm + 3 ) [i* (nobranch+1)+j]),i=0,..., brnchdepl, j = 0,..., nobranch
Type: real

Data: {kinf(i), beta_eff(1:ndelay, i), lam_eff(1:ndelay, i) , y_i135(), y_xel35(@), y_pm149(i), id(i),
nden(i), aden(i), [sigt(i,j), siga(i,j), xemac(i,j), smmac(i,j), sigc(ij), sigf(i,j), sign2n(i,j), sigtr(i,j),
nusigf(i,j), kappaf(i,j), nu(i,j), chi(i,j), diffcoef(i,j), flux(i,j), sigselas(i,j), sig_xe(i,j), sig_sm (i,j), det-
fis(i,j), detflx(i,j), invvel(i,j), sigtr2(i,j), sigtr(i,j), [(adf(i,j,k), k=1,nadf),(0,k=nadf+1,12), (current(i,j,k),
k=1,nadf),(0,k=nadf+1,12) ], (sigs(i,j,k), k=1,igm), j=1,igm], i=1,nsets}

Data is saved for i = 1,nsets (number of homogenized regions):

kinf(i) k-infinity

beta_eff(1:ndelay,i) Approximate delayed neutron fractions.
lam_eff(1:ndelay,i) Approximate delayed neutron decay constants (sec™).
y_i135(i) Fission product yield for '*°I.

y_xe135(i) Fission product yield for '%Xe.

y_pm149(i) Fission product yield for '**Pm.

Data is saved for j = 1, igm (number of energy groups):

sigt(i,j) Total cross section (cm™).

siga(i,j) Effective absorption cross section (cm™).

xemac(i,j) Macroscopic 135Xe cross section (cm™)

smmac(i,j) Macroscopic 14999 m cross section (cm™).

sigc(i,j) Capture cross section (cm™!).

sigf(i,j) Fission cross section (cm™).

sign2n(i,j) Effective n2n cross section (cm™!).

sigtr(i,j) Transport cross section (cm™), determined by outscatter approximation.

nusigf(i,j) Average total number of neutrons/fission x fission cross section (cm™).
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kappaf(i,j) Energy released per capture X capture cross section + Energy released per fission X fission cross
section (J/cm).

nu(i,j) Average total number of neutrons released per fission (delayed + prompt).
chi(i,j) Fission spectrum (delayed + prompt).
diffcoef(i,j) Diffusion coefficient (cm), 1/ ( 3 X sigtr(i,j) ).
flux(i,j) Average flux (n/cm?-sec).
sigselas(i,j) Total elastic scattering cross section (cm™!).
sig_xe(i,j) Microscopic cross section for 135X ¢ (barns).
sig_sm (i,j) Microscopic cross section for 149Sm (barns).
detfis(i,j) Microscopic 235U cross section at detector location (barns).
detflx(i,j) Average flux in detector mixture (n/cm?-sec).
invvel(i,j) Inverse neutron velocity (sec/cm).
sigtr2(i,j) Transport cross section (cm™'), determined by inscatter approximation.
sigtr(i,j) Transport cross section (cm™'), determined by outscatter approximation.
adf(1:nadf.i,j) Assembly discontinuity factors for up to 12 faces.
current(1:nadf,i,j) Net current for up to 12 faces (n/cm?-sec), adftype = 3 only.
sigs(i,j,k), k=1,igm Macroscopic scattering cross section, j k (cm™).
End of data saved for j = 1, igm
End of data saved for i = 1,nsets
Block Type 9: corner discontinuity factors
Length: datlen(11)
Position: 9+ (igm + 3 ) [1* (nobranch +1)+j]),i=0,..., brnchdepl, j = 0,..., nobranch
Type: real
Data: (( cdf(i,j), i=1,ncdf), j=1,igm)
Data is saved for i = 1,ncdf (number of “corner” discontinuity factors):
Data is saved for j = 1, igm (number of energy groups):
cdf(i,j) Corner discontinuity factors
End of data saved for j = 1, igm
End of data saved for i = 1,ncdf

Block Type 10: pin power peaking factors
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Length: datlen(12)
Position: 10 + (igm + 3 ) [i* (nobranch+1)+j]),i=0,..., brnchdepl, j = 0.. .., nobranch
Type: double precision
Data: (( ppf(i,j), i=1,nx), j=1,ny)
Data is saved for j = 1, ny (number of pins in y direction):
Data is saved for i = 1,nx (number of pins in x direction):
ppf(i,j) Pin power (peaking) factors
End of data saved fori =1, nx
End of data saved for j = 1, ny
Block Type 11: group form factors
Length: datlen(13)
Position: 10 + k + (igm+ 3 ) [i* (nobranch+ 1) +j]),
k=1,...,igm,1=0,..., brnchdepl, j = 0,. .., nobranch
Type: double precision
Data: (( gff(i,j), i=1,nx), j=1,ny)
Data is saved for j = 1,ny (number of pins in y direction):
Data is saved for j = 1, nx (number of pins in x direction):
gff(i,j,k) Groupwise form factors
End of data saved fori =1, nx
End of data saved for j = 1, ny
NOTE: Block Type 11 is repeated igm times where igm is the number of energy groups.

It is recommended that code written to process xfile016 include the SCALE subroutine library. Although
possible to link in the appropriate files in the scalelib object library in SCALE, it may be more practical
to copy the appropriate SCALE routines into a new FORTRAN code used in reading xfileO16. All direct-
access operations needed to operate on this file are contained in the file direct_access_M.f90 in the scale
src/scalelib directory. This file has dependencies and requires the following additional subroutines, all in the
src/scalelib directory, in order to compile:

Error_functions_M.f90
common_unit_C.f90
Vast_kind_param_M.f90
separator_character_M.f90
YOtrns_M.f90

f_exit.c

The single C routine can be eliminated by eliminating the call to f_exit in subroutine stop of Error_function.f90,
e.g., change
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if ( stopcode == 0 ) return

write(npr,'(1lx,a,il0)') 'stop code ', stopcode
call f_exit(npr)

end subroutine stop

to

if ( stopcode == 0 ) return

write(npr, '(1x,a,i10)') 'stop code ',stopcode

write(standard_output, '(a) ')npr
stop

end subroutine stop

Alternatively, one can utilize the module listed on the following pages, developed by Mr. Benjamin Collins
of the University of Michigan, which includes all necessary coding wrapped into a single Fortran module.
Although developed from SCALE 5.1 routines, the format of SCALE direct access does not change and this
source should remain compatible with later versions of SCALE.

module direct_access

! Module taken from SCALE 5.1 source code and modified to eliminate
! dependencies to other scale modules

! Ben Collins, Doctoral Candidate, University of Michigan

implicit none
private

integer,private,parameter: :number_of_units=99
integer,private:: nblks(number_of_units),lblks(number_of_units),char_word(number_of_units)

integer,private :: record_length

integer, parameter :: dp = selected_real_kind(14)

integer,public :: next(3), nexsav(3), nda

character(len=1) :: separator='/
! ***change separator character to backslash ('\') for Windows***
! character(len=1) :: separator='\'

public :: openda, xtenda, closda, inquir

public :: reed

set chpwrd to 1 now so that everything is specified in characters rather than
in words when reading or writing character arrays

integer,public,parameter:: chpwrd=1

interface reed
module procedure real_reed, integer_reed, dp_reed
end interface

contains

subroutine openda ( nblk,1lblk,type,nrr,nunit,optional_name )

integer :: nblk,lblk,nrr,nunit
real,dimension(1blk) HHEFY

character(len=1) 11 type
character(len=*),optional :: optional_name
character(len=16) :: filnam
character(len=512) :: dsname
character(10) ;1 action

logical :: lopen

integer :: i, record_length

(continues on next page)
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(continued from previous page)

if ( nunit <= 0 .or. nunit >= 100 ) then

stop 'da error - invalid unit number: program will terminate.
else

inquire(unit=nunit, opened=lopen)

if ( lopen ) then

stop 'da error - unit already open: program will terminate.

end if

end if

inquire(iolength=record_length) a
write(filnam,'(a,i3.3,a8)") 'xfile',nunit,’'’
if ( present(optional_name) ) filnam = optional_name
if ( type == '0' .or. type == W' ) then

call fulnam(filnam,dsname)

select case (type)

case('0)

action = 'read
case('w")

action = 'readwrite
end select

open(unit=nunit,access='direct’,status='old',action=action, &
form="unformatted',recl=record_length, file=dsname)

nblks(nunit) = 999999
lblks(nunit) = lblk
inquire(unit=nunit, opened=lopen)
if (.not.lopen) then

stop 'da error - unable to open unit: program will terminate.
end if

else
nblks(nunit) = nblk
lblks(nunit) = lblk

open(unit=nunit,access='direct’,status=replace’, &
form="unformatted',recl=record_length, file=filnam)
inquire(unit=nunit, opened=lopen)
if (.not.lopen) then
stop 'da error - unable to open unit: program will terminate.

end if

end if

char_word(nunit) = record_length/lblk

end subroutine openda

subroutine closda ( nunit )

integer:: nunit
logical:: lopen

inquire(unit=nunit,opened=lopen)
if (lopen) close(unit=nunit)
nblks(nunit) = 0

lblks(nunit) = 0

end subroutine closda

subroutine real_reed ( x,lword,nunit,nrec )

integer: :lword,nunit,nrec
real,dimension(lword)::x
integer::1b,nb,nr,no,i,nl,j
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call check_unit(nunit, lword)

1b = 1blks(nunit)

nb = (lword+lb-1)/1b
nr = nrec

no =1

do i=1,nb

if ( nr <= 0 .or. nr > nblks(hunit) ) then
call print_rel_blk ( nunit, nr )

end if
nl = min(no+1b-1, lword)
read (nunit,rec=nr) (x(j),j=no,nl)
nr =nr + 1
no =nl +1
end do

end subroutine real_reed

subroutine integer_reed ( nnx,lword,nunit,nrec )
integer: :1lword,nunit,nrec
integer,dimension(lword) : :nnx

integer::1b,nb,nr,no,i,nl,j

call check_unit(nunit, lword)

1b = 1lblks(nunit)

nb = (lword+1b-1)/1b
nr = nrec

no =1

do i=1,nb

if ( nr <= ® .or. nr > nblks(nunit) ) then
call print_rel_blk ( nunit, nr )

end if
nl = min(no+1b-1,lword)
read (nunit,rec=nr) (nnx(j),j=no,nl)
nr =nr + 1
no =nl +1
end do

end subroutine integer_reed

subroutine dp_reed ( x,lword,nunit,nrec )

integer: :lword,nunit,nrec
real(dp),dimension(:)::x
integer::1b,nb,nr,no,i,nl,j,lwrd

lwrd = ubound(x,1)
call check_unit(nunit, lwrd)

1b = 1blks(nunit)/2
nb = (lwrd+lb-1)/1b
nr = nrec

no =1

do i=1,nb

if ( nr <= ® .or. nr > nblks(nunit) ) then
call print_rel_blk ( nunit, nr )

end if

nl = min(no+lb-1,lwrd)

read (nunit,rec=nr) (x(j),j=no,nl)
nr =nr + 1
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no =nl +1
end do

end subroutine dp_reed

subroutine inquir ( nunit,nrec )
integer: :nunit,nrec
inquire(unit=nunit,nextrec=nrec)

end subroutine inquir

subroutine xtenda ( mblk,nunit )
integer: :mblk,nunit
integer: :1blk
1blk = 1lblks(nunit)
nblks(nunit) = nblks(nunit) + mblk
end subroutine xtenda

subroutine check_unit(nunit, lword)

integer :: nunit, lword
logical :: lopen
character(len=10)::access

inquire(unit=nunit,opened=lopen,access=access)
if (.not.lopen) then
stop 'da error - unit not open: program will terminate.’
else
if ( lword <= 0 ) then
stop 'da error - invalid block length: program will terminate.’
end if
end if

end subroutine check_unit

!

subroutine print_rel_blk ( unit, block )

integer :: unit, block
stop 'da error - relative block not in data set: program will terminate.

end subroutine print_rel_blk
subroutine fulnam ( filnam, name )

routine to convert a simple file name to a full path

character(len=%*) :: filnam

character(len=512) :: data_path

character(len=4) :: data=DATA'

character(len=512) :: current_path

character(len=6) :: curdir="'PWD'

character(len=16) :: short_name

character(len=512) :: name, data_path_name, current_path_name, full_path_name
logical 11 exists, found
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integer :: n99=99, ijostat

check if filnam already has path
if (index(filnam(1:3),separator) > 0 ) then
name = filnam

return
end if
get the scale data and tmpdir directory paths from environmental variables
data_path ="'
current_path ="'
data_path_name = filnam
current_path_name = filnam

call getenv ( data, data_path )
call getenv ( curdir, current_path )

construct the full path name for the dataset name
if ( data_path /= ' ') data_path_name = (trim(data_path))//separator//filnam
if ( current_path /= '') current_path_name = (trim(current_path))//separator//filnam

if the dataset exists in the current directory (tmpdir), use it
otherwise, look for it in the data directory
inquire (file=filnam,exist=exists)
if ( exists ) then
name = current_path_name
else
check names constructed in script
inquire (file='data_directory',exist=exists)
found = .false.
if ( exists ) then
open(n99, status='old’, form="formatted',file='data_directory")
rewind n99
do
read (n99,*,iostat=iostat) short_name, full_path_name
if ( iostat /= 0 ) exit

if ( short_name == filnam ) then
name = full_path_name
found = .true.
end if
end do
end if

close (n99)
if ( found ) return
inquire (file=data_path_name,exist=exists)
if ( exists ) then
name = data_path_name
else
name = current_path_name
end if
end if

end subroutine fulnam

end module direct_access
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3.1.7.3 The Flexible Branch Block

In support of various projects, the “flexible branch block” was developed to enable a broader set of per-
turbations than are available in the typical TRITON branch capability. The typical branch block allows
the user to define a single set of mixtures for ‘fuel,” ‘mod,” ‘crout’, or ‘crin’. Having only four material
set definitions limits user’s ability to specify more complex perturbations that may be possible in some
reactors, especially under transient conditions. The flexible branch block was developed such that the user
can specify any number of material sets, and then apply separate perturbations to those sets. This capability,
for example, enables specification of bypass flow density branches in BWRs in which the in-channel coolant
and out-channel moderator can set to different densities in the same branch calculation.

The flexible branch block was developed in the SCALE 6.1 implementation of TRITON and was not
modernized for SCALE 6.2. As a result, the flexible branch block is available in SCALE 6.1 and in the legacy
mode in SCALE 6.2. The legacy mode can be accessed using ¢-d as the sequence name, rather than the more
typical t-depl. The flexible branch block can be accessed using branchblock as the block name, rather than
branch that is used for the typical branch block.

The following section of the manual explains the syntax of the branchblock and contains short examples
of each element within the the branchblock. At the end of this section, a full example of a branchblock is
provided so that users can gain an understanding of how to use all of the parts of the branchblock in order to
define needed calculation branches.

SYNTAX:

read branchblock
[block keyword specifications]
end branchblock

The advanced branchblock supports five different keyword specifications described below.
e mixset — used to define a set of mixtures which can be used in swap and perturbset definition,

o systemchange — used to define a system change to, temperatures, nuclide concentrations, and Dancoff
factors,

e swap - used to define a set of mixtures to swap,

o perturbset — used to define a set of perturbations which apply the system changes defined by
systemchange to a set of mixtures, and

e branch — used to define a branch calculation, composed of various swaps and perturbsets. Additional
perturbations may also be defined.

Note: Several keywords in the*branchblock* are defined using strings. These strings must be must
be delimited, i.e. starts and ends with an identifying marker. (Examples: title="cold", title=#hot
Doppler#, title=!40%void!, title=(80%void)). As shown in the following examples, the string can
optionally start with open angle bracket < and end with a closing angle bracket > (Example: title=<cold>).
All string-value inputs in the **branchblock™* are delimited, alphanumeric strings with a maximum length
of 80 characters. It is recommended that users choose a single type of delimiter, and then use that delimiter
throughout the branchblock

systemchange

216




SYNTAX:

read branchblock
[...]
systemchange title
[systemchange keyword specifications]
end systemchange
[...]

end branchblock

systemchange supports the following keyword specifications:

title

dancoff=(real value)
temperature=(real value)
dendiv N1 f1 N2 f2 end
denmult N1 f1 N2 f2 end

title is required string input and must follow systemchange. Only one title keyword may be specified.
Multiple systemchange specifications are allowed, so each specification must have a unique title.

dancoff is optional and is used to set a dancoft factor value in the interval [0,1]. Only one dancoff specification
is allowed and can appear anywhere in the systemchange specification following the title.

temperature is optional and is used to set a system temperature in Kelvin. It must be nonnegative. Only one
temperature specification is allowed and can appear anywhere in the systemchange specification following
the title.

dendiv and denmult are keyword arrays used to define nuclide concentration dividers and multipliers
respectively. The arrays must be terminated with the end keyword. Each array is defined by a series of
nuclide/factor pairs where nuclide is the ZZZAAA identifier and factor is either a multiply or divide factor
applied to that nuclide concentration (Note that the particular mixture for which the factor is applied is defined
in the perturb specification described below). Multiply factors must be >=0. Divide factors must be >0. A
nuclide identifier set to zero implies that the factor is applied to all nuclides that are not explicitly listed in
the array. Multiple dendiv and denmult arrays are allowed and can appear anywhere in the systemchange
specification following the title. TRITON applies the concentration factors in the order in which they are
entered in the systemchange specification.

Multiple systemchange specifications are allowed in the branch block. They can appear in any order, but
must have a unique title.

EXAMPLE:

Define a temperature change to 60 kelvin. (The temperature change will be applied to a set of mixtures
defined in the perturbset specification defined later.)

systemchange <60C>
temperature=333.15
end systemchange

swap

SYNTAX:
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read branchblock
[...]
swap title
[swap keyword specifications]
end swap
[...]

end branchblock

swap supports the following keyword specifications:

title
groupl [mixture specifications] end
group2 [mixture specifications] end

title is required string and must follow swap. Only one title keyword may be specified. Multiple swap
specifications are allowed, so each specification must have a unique title.

groupl and group2 are used to define a set of mixtures to exchange. groupl must follow the swap title.
group2 must follow groupl. Only one specification for each group is allowed and they must have the same
number of mixtures.

The group1 and group2 keywords support the following keyword specifications:

mixture=(integer value)
mixtures I1 I2 ... IN end
mixset=(string value)

mixture is used to define a single mixture. mixtures is used to define an array of mixtures and is terminated
with the end keyword. mixset is used to substitute a mixset specification defined elsewhere in the branchblock.
Multiple mixture, mixtures, and mixset are allowed and can be placed in any order. TRITON will remove
any duplicated mixture identifier, however each mixture must be defined in the model input.

EXAMPLES:

Exchange material 1 for 4.

swap <1 for 4>
groupl mixture=1 end
group2 mixtures 4 end end
end swap

Exchange a set of mixtures:

swap <RodInsertion>
groupl mixset=<crout> end
group2 mixset=<crin> end
end swap

branch

SYNTAX:

read branchblock
[...]
branch title
[branch keyword specifications]
end branch
[...]

end branchblock
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branch supports the following keyword specifications.

title

swap=(string value)
perturbset=(string value)

perturb [perturb specification] end

title is required string and must follow branch. Only one title keyword may be specified. Multiple branch
specifications are allowed, so each specification must have a unique title.

swap is used to swap different sets of mixtures. The swap value is a string which is the title of a swap
specification defined elsewhere in the branchblock. (The swap specification is described below). Multiple
swap specifications are allowed and can appear anywhere in the branch specification following the title.

perturbset is used to apply a series of system perturbations. The perturbset value is a string which is the
title of a perturbset specification defined elsewhere in the branchblock. (The perturbset specification is
described below). Multiple perturbset specifications are allowed and can appear anywhere in the branch
specification following the title.

perturb is used to apply a system perturbation that is not defined through the use of a perturbset specification.
perturb specifications must terminate with the end keyword.

perturb supports the following keyword specifications.

change=(string value)
mixture=(integer value)
mixtures I1 I2 ... IN end
mixset=(string value)

change is a string which is the title of a systemchange specification defined elsewhere in the branchblock.
Only one change specification is allowed and may appear anywhere in the perturb specification.

The system change is applied to a set of mixtures defined by the mixture, mixtures, and mixset specifications.
Only one of each of these keywords is allowed (however all three may be used in the same perturb
specification). mixture, mixtures, and mixset may be placed in any order. TRITON will remove any
duplicated mixture, however each mixture must be defined in the model input. TRITON will perform swap
and perturb operations in the order they appear in the input.

EXAMPLES:

Define a branch to charactize the rodded, cold-zero-power condition. This requires the use of mixture swap
entitled <CRodIn> along with the perturbset definition <ColdMod> which perturbs all of the moderator
mixtures to a cold temperature and density. The fuel mixtures (defined as <FuelMix>) must also be set to a
temperature of 300K.

read branchblock
[...] (contains definitions for <CRodIn>, <FuelMix>, and <ColdMod>)
branch <CZP,rodded>
perturbset=<ColdMod> swap=<CRodIn>
perturb change=<300K> mixset=<FuelMix> end
end branch
systemchange <300K> temperature=300 end systemchange
end branchblock

Define a branch to characterize the BWR instantaneous 100% void branch. This requires that:

e in-channel moderator mixtures (<ChannelMod>) are perturbed from 40% void to 100% void (defined
by systemchange <40vf-100vf>).
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o Water-rod moderator mixtures (<WaterRodMod>) are perturbed from 0% void to 5% void (<0v{-5vf>)
e Bypass moderator mixtures (<BypassMod>) are perturbed from 0% void to 3% void (<Ovf-3vf>)
e Corner Rod Fuel mixture (mixture 1) dancoff factor changes (described by <100vf-cornerDF>)

e Edge Fuel Rod Mixtures (3,4,5,6,7,10) dancoff factor changes (described by <100vf-edgeDF>)

read branchblock
[...] (contains all other definitions)
branch <100VF>
perturb change=<40vf-100vf> mixset=<ChannelMod> end
perturb change=<0vf-5vf> mixset=<WaterRodMod> end
perturb change=<Qvf-3vf> mixset=<BypassMod> end
perturb mixture=1 change=<100vf-cornerDF> end
perturb mixtures 3 4 5 6 7 10 end change=<100vf-edgeDF> end
end branch
end branchblock

mixset
mixset — used to define a set of mixtures used in swap, perturbset, and perturb specifications.

SYNTAX:

read branchblock
[...]
mixset title
[mixset keyword specifications]
end mixset
[...]
end branchblock

mixset supports the following keyword specifications:

title
mixture=(integer value)
mixtures I1 I2 ... IN end

mixset=(string value)

title is required string and must follow mixset. Only one title keyword may be specified. Multiple mixset
specifications are allowed, so each specification must have a unique title.

mixture is used to define a single mixture. mixtures is used to define an array of mixtures and is terminated
with the end keyword. mixset is used to substitute a mixset specification defined elsewhere in the branchblock.
Multiple mixture, mixtures, and mixset are allowed and can be placed in any order. TRITON will remove
any duplicated mixture identifier, however each mixture must be defined in the model input. If mixset is used
to, the mixture set must be previously defined in the branchblock.

EXAMPLE:

In previous example for 100% void fraction, define a mixture set to be used for the edge rod dancoff factor
perturbation.

read branchblock
[...] Icontains all other definitions
branch <100VF>
perturb change=<40vf-100vf> mixset=<ChannelMod> end
perturb change=<0vf-5vf> mixset=<WaterRodMod> end
perturb change=<Qvf-3vf> mixset=<BypassMod> end

(continues on next page)
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perturb mixture=1 change=<100vf-cornerDF> end
perturb change=<100vf-edgeDF> mixset=<edge-fuel> end
end branch
mixset <edge-fuel>
mixtures 3 4 56 7 10 end
end mixset
end branchblock

perturbset — used to define a set of system perturbations that can be used in branch specifications.

SYNTAX:

read branchblock
[...]
perturbset title
[perturbset keyword specifications]
end perturbset
[...]

end branchblock

perturbset supports the following keyword specifications:

title
perturb [perturb specification] end

title is required string and must follow perturbset. Only one title keyword may be specified. Multiple
perturbset specifications are allowed, so each specification must have a unique title.

After title, multiple perturb specifications can be used to defined a set of perturbations. The perturbset can
then be used in branch specifications to simplify the branch input. TRITON will apply the perturbations in
the order in which they appear in the perturbset specification.

EXAMPLE:

In previous example for 100% void fraction, define a perturbset for the moderator perturbations, and a
separate perturbset for the fuel perturbations.

read branchblock
[...] !contains all other definitions
perturbset <modChange>
perturb change=<4Qvf-100vf> mixset=<ChannelMod> end
perturb change=<@vf-5vf> mixset=<WaterRodMod> end
perturb change=<0vf-3vf> mixset=<BypassMod> end
end perturbset
branch <100VF> perturbset=<modChange> perturbset=<fuelChange> end branch
perturbset <fuelChange>
perturb mixture=1 change=<100vf-cornerDF> end
perturb change=<100vf-edgeDF> mixset=<edge-fuel> end
end perturbset
mixset <edge-fuel>
mixtures 3 4 56 7 10 end
end mixset
end branchblock

branchblock Full Example

Because the branchblock input is so flexible, it may be difficult for users to know where to begin. For that
reason, we have provided a sample branchblock that is typical to a BWR analysis. In this example, the
open and close parentheses are using instead of angle brackets. In the example provided, the branchblock is
separated into ### different sections: definition of mixsets, definition of systemchanges, definition of swaps,
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definition of perturbsets (which are composed of multiple systemchanges), and definition of branches.
This example may appear complicated, but in essence, it is quite straightforward. First, all of the mixture IDs
in the problem are defined into logical mixsets. Then, other large mixsets are composed of the individual
mixsets. The first two systemchanges, (1/nom) and (1/liq), are a very important items. These systemchanges
are density divisors that divide the number densities of a specified moderator mixture by the nominal or liquid
density, making the resulting density 1.0. Then, systemchanges that are density multipliers are specified as
the actual density, which make the branchblock much easier to read and understand. By using the special
density divisors, an almost identical branchblock can be use for different nominal densities — only the
density specified in (1/nom) needs to be modified for a different nominal density.

Following the systemchanges, a number of perturbsets are defined to make multiple perturbations to the
collant or moderator density. For example, the (00% Void353) perturbset shown below makes six changes:
(1) divide all coolant (in-channel) mixtures by the nominal density, then (2) multiple all coolant mixtures
by the specified density, (3) divide all liquid water moderator (out-channel) features by the saturated liquid
density, then (4) multiple all liquid water features by the specified density, and then, (5) and (6) change the
Dancoff factors to their appropriate values corresponding to the coolant and moderator densities.

perturbset (00%Void353)

perturb mixset=(coolant) change=(1/nom) end
perturb mixset=(coolant) change=(00V-353) end
perturb mixset=(solidmod) change=(1/1iq) end
perturb mixset=(solidmod) change=(00V-353) end
perturb mixset=(cornerfuel) change=(00VCold-dfCO) end
perturb mixset=(edgefuel) change=(00VCold-dfEO) end

end perturbset

To end the file, all branch calculations are specified in a single block using the previously defined perturbsets.
Note that unlike the typical branch block, the flexible branchblock does not need the first branch to
correspond to the nominal conditions. It is important to note that in the xfile016 and txtfile 16 files, the branch
conditions (moderator density, temperature, soluble boron, and CR state) will not be listed correctly in the
file header as they are for the typical branch block. When using the branchblock input, TRITON no longer
knows the condition for any given branch, however, the branch order specified in the input file is maintained
in the xfile016 and txtfile 16 files.

Also note that in the example provided, no soluble boron changes have been specified (as this is a BWR
example). However, soluble poisons (boron or other), are also fairly straightforward to specify using the
density divisors and density multipliers.

BWR branchblock Example

read branchblock

mixset (1f127E) mixtures 701 end end mixset
mixset (1£127C) mixtures 702 end end mixset
mixset (1£169C) mixtures 703 end end mixset
mixset (1£f169E) mixtures 704 end end mixset
mixset (1£194) mixtures 705 end end mixset
mixset (1£194C) mixtures 706 end end mixset
mixset (1£194E) mixtures 707 end end mixset
mixset (1£279) mixtures 708 end end mixset
mixset (1£279E) mixtures 709 end end mixset

mixset (1£2799gd40) mixtures 710 711 712 713 714 end end mixset

mixset (gap) mixtures 800 801 802 803 804 805 806 807 808 809 end end mixset
mixset (clad) mixtures 825 826 827 828 829 830 831 832 833 834 end end mixset
mixset (coolant) mixtures 850 851 852 853 854 855 856 857 858 859 end end mixset

(continues on next page)
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mixset (modl) mixtures 1001 end end mixset
mixset (can) mixtures 1004 end end mixset
mixset (cbpois) mixtures 1002 end end mixset
mixset (cbstru) mixtures 1003 end end mixset
mixset (cbclad) mixtures 1005 end end mixset
mixset (cbpoisout) mixtures 1012 end end mixset
mixset (cbstruout) mixtures 1013 end end mixset
mixset (cbcladout) mixtures 1015 end end mixset
mixset (allfuel) mixsets (1f127E)
(1£1270)
(1£1690)
(1£f169E)
(1£194)
(1£1940)
(1£194E)
(1£279)
(1£279E)
(1£2799d40) end end mixset
mixset (cornerfuel) mixsets (1£127C)
(1£1690)
(1£1940) end end mixset
mixset (edgefuel) mixsets (1f127E)
(1£169E)
(1£194E)
(1£279E) end end mixset
mixset (solidmod) mixsets (modl) (cbpoisout) (cbstruout) (cbcladout) end end mixset
mixset (crin) mixsets (cbpois) (cbstru) (cbclad) end end mixset
mixset (crout) mixsets (cbpoisout) (cbstruout) (cbcladout) end end mixset
mixset (allmod) mixsets (coolant) (solidmod) end end mixset
systemchange (1/nom) dendiv ® 0.4573 end end systemchange
systemchange (1/1iq) dendiv 0 0.7373 end end systemchange
systemchange (00V) denmult 0 0.7373 end end systemchange
systemchange (40V) denmult 0 0.4573 end end systemchange
systemchange (70V) denmult ® 0.2473 end end systemchange
systemchange (90V) denmult O 0.1073 end end systemchange
systemchange (100V) denmult ® 0.0373 end end systemchange
systemchange (00V-293)  denmult 0 0.9982 end end systemchange
systemchange (00V-313) denmult ® 0.9922 end end systemchange
systemchange (00V-333)  denmult 0 0.9837 end end systemchange
systemchange (00V-353) denmult ® 0.9718 end end systemchange
systemchange (293.15K) temperature= 293.15 end systemchange
systemchange (313.15K)  temperature= 313.15 end systemchange
systemchange (333.15K)  temperature= 333.15 end systemchange
systemchange (353.15K)  temperature= 353.15 end systemchange
systemchange (300.00K) temperature= 300.00 end systemchange
systemchange (500.00K) temperature= 500.00 end systemchange
systemchange (1500.00K) temperature=1500.00 end systemchange
systemchange (560.29K) temperature= 560.29 end systemchange
systemchange (948.45K)  temperature= 948.45 end systemchange
" 0% void, cold Dancoff Factors
systemchange (00VCold-dfCO) dancoff=0.084 end systemchange
systemchange (00VCold-dfEOQ) dancoff=0.125 end systemchange
" 0% void, Dancoff Factors
systemchange (00V-d£fCO) dancoff=0.116 end systemchange
systemchange (00V-dfEO) dancoff=0.171 end systemchange
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' 40% void, Dancoff Factors

systemchange (40V-dfCO) dancoff=0.180 end systemchange
systemchange (40V-dfEO) dancoff=0.256 end systemchange
' 70% void, Dancoff Factors
systemchange (70V-dfCO) dancoff=0.281 end systemchange
systemchange (70V-dfEO) dancoff=0.376 end systemchange
' 90% void, Dancoff Factors
systemchange (90V-dfCO) dancoff=0.421 end systemchange
systemchange (90V-dfEO) dancoff=0.524 end systemchange
swap (cr)
groupl mixset=(crout) end
group2 mixset=(crin) end
end swap
perturbset (00%Void293)
perturb mixset=(coolant) change=(1/nom) end
perturb mixset=(coolant) change=(00V-293) end
perturb mixset=(solidmod) change=(1/1iq) end
perturb mixset=(solidmod) change=(00V-293) end
perturb mixset=(cornerfuel) change=(00VCold-dfCO) end
perturb mixset=(edgefuel) change=(00VCold-dfEO) end
end perturbset
perturbset (00%Void313)
perturb mixset=(coolant) change=(1/nom) end
perturb mixset=(coolant) change=(00V-313) end
perturb mixset=(solidmod) change=(1/1iq) end
perturb mixset=(solidmod) change=(00V-313) end
perturb mixset=(cornerfuel) change=(00VCold-dfCO) end
perturb mixset=(edgefuel) change=(00VCold-dfEO) end
end perturbset
perturbset (00%Void333)
perturb mixset=(coolant) change=(1/nom) end
perturb mixset=(coolant) change=(00V-333) end
perturb mixset=(solidmod) change=(1/1iq) end
perturb mixset=(solidmod) change=(00V-333) end
perturb mixset=(cornerfuel) change=(00VCold-dfCO) end
perturb mixset=(edgefuel) change=(00VCold-dfEO) end
end perturbset
perturbset (00%Void353)
perturb mixset=(coolant) change=(1/nom) end
perturb mixset=(coolant) change=(00V-353) end
perturb mixset=(solidmod) change=(1/1iq) end
perturb mixset=(solidmod) change=(00V-353) end
perturb mixset=(cornerfuel) change=(00VCold-dfCO) end
perturb mixset=(edgefuel) change=(00VCold-dfEO) end
end perturbset
perturbset (00%Void)
perturb mixset=(coolant) change=(1/nom) end
perturb mixset=(coolant) change=(00V) end
perturb mixset=(cornerfuel) change=(00V-dfC0) end
perturb mixset=(edgefuel) change=(00V-d£fEOQ) end
end perturbset
perturbset (40%Void)
perturb mixset=(coolant) change=(1/nom) end
perturb mixset=(coolant) change=(40V) end
perturb mixset=(cornerfuel) change=(40V-dfC0) end
perturb mixset=(edgefuel) change=(40V-d£fE0) end
end perturbset
perturbset (70%Void)
perturb mixset=(coolant) change=(1/nom) end
perturb mixset=(coolant) change=(70V) end
perturb mixset=(cornerfuel) change=(70V-dfCO) end
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perturb mixset=(edgefuel) change=(70V-d£fE0) end

end perturbset

perturbset (90%Void)
perturb mixset=(coolant) change=(1/nom) end
perturb mixset=(coolant) change=(90V) end
perturb mixset=(cornerfuel) change=(90V-dfC0) end
perturb mixset=(edgefuel) change=(90V-dfEOQ) end

end perturbset

perturbset (T£=293.15)
perturb mixset=(allfuel) change=(293. 15K) end

end perturbset

perturbset (Tf=313.15)
perturb mixset=(allfuel) change=(313.15K) end

end perturbset

perturbset (Tf=333.15)
perturb mixset=(allfuel) change=(333.15K) end

end perturbset

perturbset (Tf£=353.15)
perturb mixset=(allfuel) change=(353. 15K) end

end perturbset

perturbset (Tf=948.45)
perturb mixset=(allfuel) change=(948.45K) end

end perturbset

perturbset (Tf=500.00)
perturb mixset=(allfuel) change=(500.00K) end

end perturbset

perturbset (T£=1500.00)
perturb mixset=(allfuel) change=(1500.00K) end

end perturbset

perturbset (Tm=293.15)
perturb mixset=(allmod) change=(293.15K) end

end perturbset

perturbset (Tm=313.15)
perturb mixset=(allmod) change=(313.15K) end

end perturbset

perturbset (Tm=333.15)
perturb mixset=(allmod) change=(333.15K) end

end perturbset

perturbset (Tm=353.15)
perturb mixset=(allmod) change=(353.15K) end

end perturbset

perturbset (Tm=560.29)
perturb mixset=(allmod) change=(560.29K) end

end perturbset

! Name Void Frac Fuel Temp Mod Temp CR Pos
branch (branch 1) perturbsets (00%Void) (T£=948.45) (Tm=560.29) end end branch
branch (branch 2) perturbsets (40%Void) (T£=948.45) (Tm=560.29) end end branch
branch (branch 3) perturbsets (70%Void) (T£=948.45) (Tm=560.29) end end branch
branch (branch 4) perturbsets (90%Void) (Tf=948.45) (Tm=560.29) end end branch
branch (branch 5) perturbsets (00%Void) (T£=948.45) (Tm=560.29) end swap=(cr) end branch
branch (branch 6) perturbsets (40%Void) (Tf=948.45) (Tm=560.29) end swap=(cr) end branch
branch (branch 7) perturbsets (70%Void) (T£=948.45) (Tm=560.29) end swap=(cr) end branch
branch (branch 8) perturbsets (90%Void) (Tf=948.45) (Tm=560.29) end swap=(cr) end branch
branch (branch 9) perturbsets (00%Void) (Tf=500.00) (Tm=560.29) end end branch
branch (branch 10) perturbsets (40%Void) (Tf=500.00) (Tm=560.29) end end branch
branch (branch 11) perturbsets (70%Void) (T£=500.00) (Tm=560.29) end end branch
branch (branch 12) perturbsets (90%Void) (T£=500.00) (Tm=560.29) end end branch
branch (branch 13) perturbsets (00%Void) (Tf=1500.00) (Tm=560.29) end end branch
branch (branch 14) perturbsets (40%Void) (T£=1500.00) (Tm=560.29) end end branch
branch (branch 15) perturbsets (70%Void) (Tf=1500.00) (Tm=560.29) end end branch
branch (branch 16) perturbsets (90%Void) (T£=1500.00) (Tm=560.29) end end branch
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branch (branch 17) perturbsets (00%Void293) (T£=293.15) (Tm=293.15) end end branch
branch (branch 18) perturbsets (00%Void313) (Tf=313.15) (Tm=313.15) end end branch
branch (branch 19) perturbsets (00%Void333) (Tf=333.15) (Tm=333.15) end end branch
branch (branch 20) perturbsets (00%Void353) (Tf=353.15) (Tm=353.15) end end branch

branch (branch 21) perturbsets (00%Void293) (Tf=293.15) (Tm=293.15) end swap=(cr) end branch

branch (branch 22) perturbsets (00%Void313) (Tf=313.15) (Tm=313.15) end swap=(cr) end branch

branch (branch 23) perturbsets (00%Void333) (Tf=333.15) (Tm=333.15) end swap=(cr) end branch

branch (branch 24) perturbsets (00%Void353) (T£=353.15) (Tm=353.15) end swap=(cr) end branch
end branchblock

3.2 POLARIS - 2D LIGHT WATER REACTOR LATTICE PHYSICS MODULE
M. A. Jessee, W. A. Wieselquist, A. M. Holcomb, S. W. Hart, J. W. Bae, K. S. Kim, C. A. Gentry
ABSTRACT

Polaris is an easy-to-use light water reactor (LWR) lattice physics capability for SCALE. Originally released
in SCALE 6.2, Polaris uses the Embedded Self Shielding Method (ESSM) for multigroup cross section
processing and a transport solver based on the Method of Characteristics (MOC). The ESSM computes
multigroup self-shielded cross sections using Bondarenko interpolation methods. The background cross
section used in the interpolation is determined by iterative 2D MOC fixed-source transport calculations.
Polaris is integrated with ORIGEN for depletion calculations. Each pin-or each radial subregion of the pin-is
depleted based on the local power distribution. An optional critical spectrum calculation is incorporated
into the depletion calculation and the output edits of few-group homogenized cross sections. Few-group
cross sections are archived to the lattice physics archive (.t16 and .x16 extension) file, which can be
used in subsequent core simulator calculations. Nuclide inventories are archived to the ORIGEN binary
concentration file (. £71 extension), which can be used in subsequent SCALE calculations for source term
characterization or radition shielding. Depletion and decay data are archived to the ORIGEN binary library
file (. £33 extension), and can also be used in subsequent source term calculations.
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project.

3.2.1 INTRODUCTION

Polaris was introduced in SCALE 6.2 to provide 2D lattice physics analysis capability for light water reactor
(LWR) fuel designs. For multigroup cross section processing, Polaris uses the Embedded Self-Shielding
Method (ESSM) [POLARISWK12]. Unlike SCALE multigroup sequences that use XSProc, ESSM does
not require user-defined unit cell definitions. ESSM computes multigroup cross sections using Bondarenko
interpolation methods. The background cross section used in the interpolation is determined by iterative 2D
fixed source transport calculations. Both the ESSM fixed-source calculations and the keff calculation utilize a
Method of Characteristics (MoC) transport solver developed in the Exnihilo computational package.

Polaris is integrated with ORIGEN for depletion calculations. Each pin-or each radial subregion of the pin-is
depleted based on the local power distribution. An optional critical spectrum calculation is incorporated
into the depletion calculation for computing depletion reaction rates and/or few-group homogenized cross
sections. A complete description of the Polaris computational methods is provided in [POLARISJIWM+21].

Polaris provides an easy-to-use input format to allow users to set up lattice models with minimal lines of input.
All recognized Polaris commands are shown in Table 3.2.1. Note that many commands support short and
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long forms. The allowed basic Types for input are described in Table 3.2.2. The special Polaris TYPES are
shown in Table 3.2.3. The convention used in this manual is that basic types appear italicized and capitalized
(Type), while special Polaris types appear in all caps (TYPE).

Table 3.2.1: Polaris commands.

card long short
command command(s)

system system Sys
geometry geometry geom
composition composition comp
property property prop
material material mat
burnup bu or dbu -
power power pow
options option opt
time t or dt -
state state -
branch block branch -
pin geometry component | pin -
assembly pin map pinmap -
assembly channel channel -
assembly half gap hgap -
channel box box -
shield shield -
deplete deplete -
slab geometry component | slab -
power basis materials basis -
assembly inserts insert -
assembly control elements | control -
water cross geometry Cross -
displacement maps dxmap (dymap) -
spatial meshing mesh -
detector tallies detector -
operating histories history -
restart cumulative burnup | bui (ti) -

Table 3.2.2: Basic Types in Polaris input.

basic type description examples incorrect exam-
ples
Word starts with a character A-Z or | uox uox_enrs.1
a-z and includes characters, | bor_water_500ppm 316SS
numbers, underscores FUEL uox-3.1
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Table 3.2.2 — continued from previous page

basic type description examples incorrect exam-
ples
Int integer 17 31.4 uox
92235
2
565
Bool boolean/logical yes TRUE No
false
Real any number 565 yes bor_water
10.257
1.5e-6
String a single or double quoted | “INFMED” Includes spaces
string “Includes spaces”
‘NONE’
Value any non-word Int|Bool|Real|
String

Table 3.2.3: Special Polaris Types.

Polaris type | description variants

STYPE system type PWR | BWR

GTYPE geometry type ASSM | REFL

CTYPE composition NUM | WT | FORM | CONC | LW | UOX | ENRU | UN | USI
type

PTYPE property type SOLP | DOPANT

ETYPE control element | RODLET|BLADE
type

OTYPE option type KEFF | BOND | ESSM | CRITS PEC | FG | DEPL | RUN |

PRINT | GAMMA | GEOM | DATA

The Polaris input supports a very flexible input scheme that allows some elements to be suppressed for better
readability. With key=value type input, when the standard order of keys is used, the keys may be suppressed.
Consider the following input specification as an example.

geometry GNAME : ASSM npins=Int ppitch=Real [sym=<FULL>|SE]

The geometry card requires a geometry name (GNAME) in the first group, then a geometry type (GTYPE)
which is ASSM here indicating an assembly geometry. The remaining arguments have keys: “npins” with an
integer value, “ppitch” with a real value, and the optional “sym” with either FULL or SE values (optional
arguments are always shown in square brackets: [sym=<FULL>|SE]. The default value is in angle brackets:
<FULL>. The pipe “|” shows an or relation (i.e., FULL or SE is an acceptable value). With the flexible input
processing, the following inputs are all valid and identical.

geometry FuelNode : ASSM npins=15 ppitch=1.43 sym=FULL
geometry FuelNode : ASSM 15 1.43 FULL

geometry FuelNode : ASSM sym=FULL ppitch=1.43 npins=15
geometry FuelNode : ASSM 15 1.43

geometry FuelNode ASSM 15 1.43
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The group separator “:” is suppressed in the last variant. This is possible in any situation where (1) the group
is implicitly terminated by running out of arguments or (2) the next type does not match the expected type in
the current group. For example, consider the hgap card:

hgap [ d ] [: M ]

In this card, d and M are values (without keys) defined as Real and material name (MNAME), respectively. The
following form would automatically bypass the Real value, which allows a default, and set the interassembly
gap material name as COOL.2.

hgap COOL.2

3.2.2 SCALE 6.3 POLARIS INPUT UPDATES

For the release of SCALE 6.2.3, several new input cards were implemented into Polaris to model boiling
water reactor (BWR) geometries and neutron/gamma detectors, which requires a gamma transport calculation.
Moreover, improvements to existing input cards were implemented, along with the ability to specify time-
dependent state properties and the ability to specify one or more depletion histories. This section describes
the new and modified input cards that are included in the Polaris input format for SCALE 6.3, which are
accessible as part of the release of SCALE 6.2.3.

To maximize backwards compatibility for input files developed with the original SCALE 6.2.0 release, the
new and modified input cards are not available by default with SCALE 6.2.3. The new and modified input
cards were activated if the input file begins with =polaris_6.3 rather than =polaris. The suffix “_6.3” is an
indicator to the Polaris input processor to use the SCALE 6.3 input format. For the SCALE 6.3 release, the
original input cards supported in the SCALE 6.2 input format will be available if the input file begins with
=polaris_6.2, with the new SCALE 6.3 defaults being used for inputs with =polaris.

The new input cards to model BWR geometries include:
e cross — define the interior water cross geometry of SVEA assembly designs;

e dxmap (or dymap) — define displacement maps that indicate that translation of the pin center in the x-
(or y-) direction;

e control <BLADE> — define the control blade geometry;

¢ mesh — define advanced spatial meshing options for different materials; and

e option <GEOM> — define geometry tolerances, advance meshing options, and plotting options.
The modified input cards to model BWR geometries include:

e pin — define circular and square-based geometry zones, as well as arbitrarily sized pins, e.g. size=1.5
water rod in some 9x9 BWR lattice designs; and

e box — define channel box geometry with arbitrary number of zones and cutout regions.

For neutron/gamma detector modeling, there is a new detector card and an addition to the existing option
<FG> card to enable output to the few-group cross section output (T16) file.

To control the gamma calculation, an option <GAMMA > has been added.
The new input cards for time-dependent modeling include:

o history — define one or more operating histories in the input file; and
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e bui (or ti) — define restart cuamulative burnup (or time) values.

The modified input cards for time-dependent modeling include:

e state — define one or more time-independent or time-dependent state properties;

e bu (or t) — define cumulative burnup (or time) values; and

e dbu (or dt) — define incremental burnup (or time) values.

Example input files are included in the ${SCALE}/regression/input directory:

3.2.3 SETUP

The cards in this section generally appear at the beginning of an input file. Note that the manual is organized
with each card starting a new page. This is especially convenient when printing a few cards across different

sections.

3.2.3.1 title - case title lines

title Line; Line, ... Line; ..

polarisHistory.inp: history example.

polaris.6.3.blade1.inp and polaris.6.3.blade2.inp — control <BLADE> examples;
polaris.6.3.ge7x7.inp through polaris.6.3.ge10x10.inp — prototypic GE models;

polaris.6.3.atrium9x9.inp and polaris.6.3.atrium10x10.inp — prototypic ATRIUM models;

polaris.6.3.sveal00.inp and polaris.6.3.svea64.inp — prototypic SVEA models; and

param type name details default
Line; String line used in output file head- | “DEFAULT
ers TITLE”
Examples:

title "Westinghouse 15x15"

title "Westinghouse 15x15"

"Condition: Hot Full Power"

"Date: 10/18/2012"

Comments:

The title card gives a title to this Polaris case, which appears as a descriptive header on the output file. The
additional lines may be used to document a subcase or to embed additional information in the output file in

an orderly way (e.g., author, date, project identifier).

The title card is optional.

See also:

lib

230




3.2.3.2 library - nuclear data libraries

lib [mg="*String*]

param type name details default

mg String multigroup library | multigroup cross section | “fine_n”
library

Examples:

% a name of library in the DATA directory
% use SCALE 252g ENDF/B-VII.1 library
lib "fine_therm" % Alias for the V7.1 252g-neutron 47g-gamma library

% use SCALE 56g ENDF/B-VII.1 library
1lib mg="broad_lwr" % Alias for the V7.1 56g-neutron 19g-gamma library

% a name of a local library in the temporary working directory
% (useful in SAMPLER calculations)
lib "perturbed_xs_library"

% fully specified path
1ib "C:\scaleé6.3\data\scale.rev05.xn252v7.1"

Comments:

The lib card specifies the multigroup library location. See SCALE’s FileNameAliases.txt file in the installation
directory for up-to-date library aliases for the fine and broad group libraries provided in SCALE’s data
directory. Only the 252-group and the 56-group cross section libraries are recommended to be used in Polaris.
Full specification of the file path is acceptable, as in the final example shown above.

The lib card is optional.
See also:

title

3.2.4 GEOMETRY

The highest level structures in the model are named and defined with a geometry card. The general outline for
a geometry definition is shown below. Two types of geometry are currently supported, ASSM for pressurized
water reactor (PWR) or boiling water reactor (BWR) assemblies with fuel elements in a square-pitch, and
REFL for an assembly-adjacent reflector.

geom GNAME : GTYPE arguments

param type name details default
GNAME Word geometry name
GTYPE - geometry type
ASSM assembly see pin & pinmap
REFL reflector see slab
arguments - remaining argu- | depends on GTYPE
ments
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The control element geometry is also enumerated with types, as shown below. To model PWR-type rod
cluster control assemblies (RCCAs), the RODLET element type is used in conjunction with pin definitions.
In future releases of Polaris, other control element types, such as BWR-type control blades will be supported..

control INAME : ETYPE arguments

param type name details default
INAME Word control  element

name
ETYPE - control  element

type

RODLET PWR-type RCCA | requires PINIDs

arguments - remaining argu- | depends on ETYPE

ments

3.2.4.1 geometry<ASSM> — assembly
geom GNAME : ASSM

npins=Int
ppitch=Real
[sym=<FULL>|SE]

param type name details default
GNAME Word assembly name
GTYPE ASSM
npins Int number of pins on each side of the as-
sembly
ppitch Real pin pitch units: cm
sym FULL|SE symmetry assembly  symmetry, | FULL
FULL: no symmetry,
SE: south-east quarter

Examples:

% simple pincell
geom MyPin : ASSM 1 1.5

% 17x17 Westinghouse with 1.26 cm pin pitch in quarter symmetry
geom FuelNode : ASSM 17 1.26 sym=SE

Comments:

Examples:

% simple pincell

geom MyPin : ASSM 1 1.5

% 17x17 Westinghouse with 1.26 cm pin pitch in quarter symmetry
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geom FuelNode : ASSM 17 1.26 sym=SE

Comments:

The assembly geometry describes the basic elements of an assembly. The pin and pinmap cards are required
to finalize the assembly geometry. The hgap card specifies the interassembly half gap, and the channel
specifies the channel material for the assembly.

See also:

pinmap, pin, hgap, box, channel, control, insert

3.2.4.2 geometry<REFL> - reflector

geom GNAME : REFL

thick=REAL
param type name details default
GNAME Word reflector name
GTYPE REFL
thick Real thickness units: cm
Examples:

% defines a 20 cm reflector

geom ReflectorNode :

REFL 20.0

Comments:

The reflector geometry describes the basic elements of a simple slab-type reflector. The slab card can be used
to define geometric dimensions and mesh for the reflector geometry.

See also:

slab

3.2.4.3 channel - coolant channel

channel [M., =MCLASS]

param

type

name

details

default

Mchan

MCLASS

material class

initializes materials in
outermost pin zone

*By default, Mchan
will be set to

COOL by “sys-
tem PWR” and
“system  BWR.

Otherwise, Mchan
is required.
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Examples:

% define the channel material class to be COOL
channel COOL

Comments:

The channel card is used to set the default channel material class for the outermost region of each pin,
typically containing reactor coolant. See the material card for a description of material classes.

See also:

pin, material, geometry<ASSM>

3.2.4.4 hgap - half distance between assemblies
hgap [ dg dn dw ds ]

[: Mg MN Mw Mg |

[: nfg nfy nfw nfg ]

[: ndg ndy ndw ndg ]

param type name details default
d; Real list of widths with | accepts 1, 2, or 4 values | 0.0

i E: all hgaps are same

E: east E+N: dg =d:sub: S and

N: north dy =dw

W: west units: cm

S: south
M; MNAME list of requires same # as d; *

material names

meshing options
nf; Int list of requires same # as d; 2
number of faces
per pin

nd; Int list of requires same # as d; 1
number of divi-
sions

*By default, hgap material will be set to COOL.1 by “system PWR.” For “system BWR,” the east and south
hgap materials will be set to MOD.2, and the west and north hgap materials will be set to MOD.1. Otherwise
hgap material is required.

Examples:

% defines a 17x17 Westinghouse assembly with 1.26 cm pin pitch
% with 0.04 cm half-gap filled with material COOL.1

geom w1l7x17 : ASSM 17 1.26 sym=SE

hgap 0.04 COOL.1

% defines a GE 7x7 assembly with 1.88 cm pin pitch

(continues on next page)
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(continued from previous page)

0.48 cm narrow gap on east and south edge

0.95 cm wide gap on north and west edge

narrow gap mesh is 3

wide gap mesh is 4

faces per pin is 2 for both narrow and wide gap
geom ge7x7 : ASSM 7 1.88

hgap 0.48 .95 : MOD.1 MOD.1 : 2 2 : 3 4

R X R X R

Comments:

The hgap specifies the outermost geometry region in an assembly. If a channel box exists, then hgap specifies
the material and mesh from outer channel box edge to the problem boundary. Otherwise, hgap specifies the
material and mesh from the edge of the fuel array to the problem boundary. In both cases, hgap represents
the half-distance between adjacent assemblies for single assembly calculations. Fig. 3.2.1 shows some of the
hgap meshing options. Referring to the south edge of the assembly, the number of faces per pin refers to
the extra cells introduced by “splitting” the pin cell boundary, and the number of divisions refers to extra
horizontal lines dividing half gap into smaller width cells.

See also:

pinmap, control, insert, geometry<ASSM>, channel, box

hgap : 0.04 : cooL.1 : 2 : : 0.04 : cooL.1 : 4 :

Fig. 3.2.1: Interassembly half gap meshing variants.

3.2.4.5 box - channel box geometry

box thick=Real [rad=*Real*] [hspan=*Real*] [Mbox=MNAME] [cothick=*Real*] [cobtm=*Real*] [co-
top=*Real*]

[tatz... ... tN
[tapaz... a;... aN

[2 b2b3... bi... bN

[2 M2M3... Mi... MN
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[tror3...ri... ongr D1
param type name details default
thick Real nominal thickness | must be > 0.0
(cm)
rad Real inner corner radius | must be > 0.0 0.0
(cm)
hspan Real half inner span | ——-See comments—
(cm) —
Mbox MNAME box material *
cothick Real interior cutout | thick > cothick > 0.0 0.0
region thickness
(cm)
cobtm Real distance from | hspan-rad > cobtm > 0.0 | 0.0
box centerline to
bottom of interior
cutout region (cm)
cotop Real distance from box | cobtm > cotop > 0.0 cobtm

centerline to top of
interior cutout re-
gion (cm)

options for addi-
tional box zones

t

Real

zone thickness

(cm)

must be > 0

a

Real

distance from box
centerline to bot-
tom of zone cutout
region (cm)

—See comments— —

Real

distance from box
centerline to top of
zone cutout region
(cm)

—See comments— —

MNAME

zone material

—See comments— —

11

Real

zone inner corner
radius (cm)

—See comments— —

*By default, box material will be set to CAN.1 by “system BWR.” Otherwise box material is required.

Examples:

% simple
box 0.2

% rounded corner, rad 0.9

box 0.2 0.9

236

(continues on next page)




(continued from previous page)

% rounded corner and user-defined inner span
box 0.2 0.9 6.7

% two
box 0.

zo
2
: 0.2
0
3

nes
0.9 6.7

: 4.
: 4.

Comments:

The box specifies the channel box geometry that surrounds the pinmap. The three primary dimensions of the
channel box are the thickness (thick), the inner corner radius (rad), and the half inner span (hspan). Several
additional dimensions for both box and cross are defined with respect to the channel box center. The channel
box center is not to be confused with the lattice center: the former is the centroid of the inner channel box
square boundary and the latter will depend on the wide and narrow gap dimensions provided on the hgap
card. By default, the half inner span is equal to the half pin pitch multiplied by the number of pins on each
side of the assembly (see npins and ppitch on the geometry<ASSM> card). If a cross card is applied, the
default half inner span is increased by the half width of the interior cross buffer region (see hwidth on the
cross card).

Additional channel box zones can be specified on the box card. The additional zones are useful for defining
thick corner regions of the channel box. Each additional zone must have a user-defined thickness (t;, i = 2 to
N). Note that the starting index begins at “2” rather than “1” because the zone 1 thickness has already been
defined by the “thick” input field.

“Cutout regions” may be defined in which a portion of the channel box zone is replaced by the corresponding
hgap material along the horizontal and vertical centerlines of the channel box. The cutout region is defined
by the distance from the channel box centerline to the bottom additional channel box zone (a;) and the top of
the channel box zone (b;). The values of a; and b; determine the size of trapezoidal cutout region centered
along each face of the channel box. The b; value must be greater than or equal to the a; value. The a; value
must be greater than or equal to the previous zone’s b; value, i.e., bi_;. By default, a; and b, are zero. If only
M cutout regions are specified for N additional zones, i.e., M < N, both a; and b; is set to by; for i = M+1 to
N.

Additional zones can also have a different inner corner radius (r» ... ry). The outer corner radius of the last
zone may also be specified (rn;1). By default, r; is zero if rad is zero. If rad is greater than zero, the default
value of r; is rad+thick. Similar rules apply for determining the default corner radii for additional zones if
they are omitted in the input specification.

Additional zones can also have a different material (M;). By default, M, is Mpox. If additional materials are
omitted in the input, the default value of M; is Mj_; fori =3 to N.

The spatial mesh along each face of the channel box will be determined by the nf values specified on the
hgap card.

The four examples listed above are displayed in Fig. 3.2.2. For additional examples, see the polaris.6.3
regression input files described at the beginning of Sect. 3.2.2.

See also:

geometry<ASSM>, hgap, cross
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Fig. 3.2.2: Box card examples.

3.2.4.6 pin - pincell comprised of nested geometry zones of variable shape

pin PINID [size=*Real*]

Ii... IN

...

IMI

[: S1

MN [Mout]

M;...

M,...

Si ... SNI

Sy ...

default

1.0

details

must be > 1.0

continues on next page

name

pin identifier

pin size multiplicat

ion factor

type

Word|Int
Real

param
PINID

size
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Table 3.2.13 — continued from previous page

Ti Real zone interior ra- | r; must be > 0. Addi-
dius (cm) tional zones must be >
Ij-1
M; MNAME zone material .1 added if given
MCLASS, e.g., FUEL-
FUEL.1
Mout MNAME outermost zone | .1 added if given | *
material MCLASS
Si CIR or SQR or | circular zone or square | CIR
SQR(X) zone with optional cor- | X=0.0
ner radius, X > 0.0

*If not specified, the material class MCLASS is taken from the channel card (Mcp,,) and set to the first
member of that class, “Mcpan.1.” For example if Mcpan="COOL,” then Mg,= “COOL.1.”

Examples:

%standard fuel pin

pin 1 : 0.4096 0.418 0.475 : FUEL.1 GAP.1 CLAD.1
%2x2 water rod

pin W 2.0 : 1.6 1.7 : MOD.1 TUBE.1

%3x3 square water box (ATRIUM)

pin W 3.0 : 1.68 1.75 : MOD.1 TUBE.1 : SQR SQR
¥noninteger size water rod (GE9x9)

pin W 1.76 : 1.16 1.259 : MOD.1 TUBE.1 COOL.2

Comments:

The pin card is one of the basic building blocks of the assembly model. pin and slab are the only geometry
components which allows an integer (/n?) identifier as well as a Word-all other geometric identifiers use Word.
Note that the materials are required, except for the last Moy, which can be used to overwrite the material
given by a channel for the outermost region in the pincell. The pin geometry is constructed from the inside
out, using either circle zones (defined by the radius) or square zones (defined by the half-width, and optional
corner radius). Different examples of pin geometries are displayed in Fig. 3.2.3. All meshing options for the
pin are provided through the mesh card.

If the pin size is an integer value, the pin consumes a size X size subarray in the pinmap (e.g. 1 X 1, 2 Xtimes®
3, etc). If the pin size is noninteger, the pin consumes a ceil(size) X ceil(size) subarray in the pinmap. ceil(x)
represents the ceiling function to round the value of x to the nearest integer greater than or equal to x. For
size equal to 1.3, each instance of the pin will consume a 2 X 2 subarray in the pinmap. Each instance of a
noninteger-sized pin must share a location with another instance of a noninteger-sized pin, but not necessarily
the same pin. The shared location must be set to “_" in the pinmap. The identification of the shared location
is necessary to determine the center of each pin. The pin center is at a distance of size*half pitch*sqrt(2)
from the opposite corner of the shared location, along the diagonal of the pin boundary. An example of an
integer-sized pins is displayed in Fig. 3.2.3. An example of noninteger-sized pins is displayed in Fig. 3.2.4.
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Jedm manual ex : ASSH 5 1.:Z26
pin A : 0.4096 0.418 0.475 : FUEL.1 GAPF.1 CLAD.1
pin B Z : 0D.83 0.88 : HOD.1 TUBE. 1
: CIR CIR
HOD. 1 TUBE. 1
SQR(0.3) SQR
: FUEL.1 CLAD.1
: CIR SOR

pin € 3 & 1.Z6 1.46

pin I = D.4 0.475

pinmap

[ O e O e e e
[ O e O = = L=
[ O e O e e e
=== L =
o o s L o i

Fig. 3.2.3: Pin examples with different shape geometries
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Fig. 3.2.4: Pin examples with noninteger pin size.

For additional examples, see the polaris.6.3 regression input files described at the beginning of Sect. 3.2.2
See also:

slab, pinmap, channel, mesh
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3.2.4.7 pinmap - pin layout

PINID;
PINID;, ...

pinmap

PINIDy

PINID; ...

default

details

supports full, quarter, or
octant symmetry

quarter: assumes south-

east (SE)

octant: assumes south-
by-so utheast (SSE)

name

list of

pin identifiers

type

Word|Int

param

PINID;

Examples:

XWestinghouse 17x17 pinmap in octant symmetry

pinmap

2

11
111

3113
11111

111113
3113111

11111111

111111111

%Westinghouse 17x17 pinmap in quarter symmetry

pinmap

211311311
111111111
111111111
311311311
111111111
111113111
311311111
111111111
111111111

%Westinghouse 17x17 pinmap in full

pinmap

11111111111111111
11111111111111111
11111311311311111
11131111111113111
11111111111111111
11311311311311311
11111111111111111
11111111111111111
11311311211311311
11111111111111111
11111111111111111
11311311311311311
11111111111111111
11131111111113111
11111311311311111
11111111111111111

(continues on next page)
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(continued from previous page)

11111111111111111

%large central 2x2 water rod in 6x6 assembly
%pinmap must show adjacent Ws
pin W size=2 : 0.8
: CooL
i

QO

p

ML
oo oo g
Moo= = mom
mom o= = m o
oo oo
oo oo

Comments:

The pinmap card defines the layout of pin cells in the assembly. The symmetry is determined by the number
of pin identifiers given on the card and must not be more general than the symmetry option given on the
assembly geometry card (i.e., do not define a full pin map for a sym=SE assembly model). If the pin has a
large size specifier, size>1, then the pinmap must reflect that with those pins occurring in blocks of size X
size.

See also:

pin, control, insert

3.2.4.8 control<RODLET> - RCCA-type layout

control INAME: RODLET
PINID;
PINID; ...
PINID; ... PINIDy

param type name details default
INAME Word insert name
ETYPE RODLET
PINID; Word|Int list of same format as pinmap
pin identifiers “_” indicate empty loca-
tions

Examples:

% B4C control rods
mat GAS.1 : FILLGAS
mat CLAD.1 : ZIRC4
mat MOD.1 : LW

mat TUBE.1 : SS304
mat CNTL.1 : B4C

pin B : 0.214 0.231 0.241 0.427 0.437 0.484 0.561 0.602
: GAS TUBE GAS CNTL GAS TUBE MOD  CLAD

control BankD : RODLET

(continues on next page)
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(continued from previous page)

B B
_____ B
B__B_ __

Comments:

Note that control elements and inserts share the INAME identifiers, so an insert and a control element cannot
have the same name. Different control rod banks may be included in a single input file using more than one
control card with unique INAMEs. The main difference between the inserts defined by control element
and insert cards is that by default, control element materials are not depleted, whereas insert materials are
depleted.

The outer dimensions of the tube must be included in the pin card that is inserted.
See also:

pinmap, control, insert, state

3.2.4.9 control<BLADE> - BWR control blade

control INAME : BLADE hwgthck=Real sththck=Real cslnth=Real
[sthmat=*MNAME*] [csmat=*MNAME*] [hcsthck=*Real*] [wgcrv=*Real*]
:ID; ID; ... IDN

. L1 L2 . LN

[: N1 N2 NN]

param type name details default
hwgthck Real half blade wing | must be >0
thickness (cm)
sththck Real sheath thickness | must be >=0
(cm)
csinth Real central  support | must be >=hwgthck
length (cm)
sthmat MNAME sheath material STRUCT.1"
csmat MNAME central support ma- STRUCT.1"
terial
hesthek Real half central sup- | must be >0 hwgthck
port thickness
(cm)
wgcrv Real wing tip radius | must be >=0 0
(cm)
ID; ° Word|Int pin or slab identi- | —— See comments
fier _

continues on next page
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Table 3.2.16 — continued from previous page
L; Real length of sectioni | —— See comments

N;j Real # of pins or slabs | —— See comments
in section 1 _

*Default values for
shtmat and csmat
are set by “system
BWR.” If “system
BWR” is omitted,
the material defini-
tions are required.

Comments:

The blade card defines a control blade geometry. The control blade identifier INAME) can be used to insert
the control blade using state or add statements to define histories or branches respectively. INAME=yes
inserts the control blade into the northwest corner of the lattice.

The control blade geometry is described with reference to the blade wing on the northern edge of the lattice
in Fig. 3.2.5. The blade wing on the west edge is a reflection of the northern edge wing along the diagonal
symmetry line that extends from the northwest corner to the southeast corner of the lattice.

The two primary regions of the blade are the central support and the active blade wing. The central support
has a length (cslnth), half width (hcsthck), and material (csmat). The central support half width is the vertical
distance between the north face of the lattice and the south boundary of the central support. The central
support length is the horizontal distance from west face of the lattice to the east boundary of the central
support. See Fig. 3.2.5 for details.

The active portion of the blade wing begins at the east boundary of the central support. The active portion has
a half width (hwgthck), sheath thickness (sththck), sheath material (sthmat), and wing tip radius (wgcrv).
The half width is the vertical distance between the north face of the lattice and the southern boundary of the
active blade wing, including the sheath. The wing tip radius can be any nonnegative number. If the radius is
zero, the wing tip is a straight edge.

The active portion of the blade wing is subdivided into sections. Each section has a length (L;), and identifier
associated with a pin or slab (ID;), and the number of pins or slabs for each section (N;j). The list of section
lengths and section identifiers is required and must have consistent list lengths. The final list for number of
pin/slabs per section is optional. If omitted, the default number of pin or slabs per section is one.
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y hesthek | hwgthek sththelk

T [ 1] E] ]
o n o
- 1 - ! [ -~/ [ | |

csinth uj
I

[]]
u!

T 1 T 01

| |

I
D
[
I
L
[
[
U
[

|

pin A : 0.4 0.45 : CNTL.1 CLAD.1 MOD.1
slab S : 0.5 : STRUCT.1 : 2 : 1
slab 2 : 0.3 0.2 : STRUCT.1 MOD.1
control bladel : BLADE 0.8 0.3 2.5
hesthck=0.4 wgcrv=4.0
: S A S Z S A
: 0.3 3.2 0.32.00.3 2
: 1 3 1 5 1 2

state bladel : in=yes

Fig. 3.2.5: Control blade example.

If there is only one pin in a pin section, the pin is placed in the section center. If there are multiple pins, the
first and last pin are positioned flush against the west and east section boundary respectively, and the interior
pins are uniformly spaced between the two edge pins. Slab sections are built from the blade centerline in
the vertical direction towards the interior sheath boundary. Each slab zone has width equal to the section
length. Each slab zone can be subdivided in the vertical direction by the zone nx parameter on the slab card.
The slab zone can be subdivided in the horizontal direction by the product of the zone ny parameter and the
number of slabs in the blade wing section.

The blade is further subdivided by the mesh nf/nd settings for hgap material in the north and west bypass
region, typically MOD.1 for models that include system BWR.

See also: pin, slab, mesh, system BWR
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3.2.4.10 insert - insert layout

insert INAME:
PINID,
PINID; ...
PINID; ... PINIDy

param type name details default
INAME Word insert name
PINID; Word|Int list of same format as pinmap
pin identifiers “_” indicate empty loca-
tions

Examples:

%pyrex inserts
pin P : 0.214 0.231 0.241 0.427 0.437 0.484 0.561 0.602
: GAS TUBE GAS BP.3 GAS TUBE COOL CLAD

insert PyrexInserts :

P__P
_____ P
P__P___

Comments:

The insert card defines a set of pins to be used to model inserts such as WABA. When the insert is “in,”
the insert pins replace overlapping regions of the pins defined on the assembly pinmap. An underscore (_)
is used to indicate locations without inserts. See the notes on the control<RODLET> card for additional
guidelines.

See also:

pinmap, control, insert

3.2.4.11 slab - slab geometry

slab [SLABID]
.. ... tN
ZM1 Mz... Mi... MN
[: nX; nXp ... nXj ... nxy |
[: ny; ny; ... nyj ... nyn |
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param type name details default

SLABID Word slab geometry reflector GNAME
identifier

t; Real list of units: cm
slab thicknesses

M; MNAME list of

material names

meshing options

nx; Int list of 1
number of x-
divisions
ny; Int list of 1
number of y-
divisions
Examples:

% a reflector definition

% 2.22 cm of baffle

% 15 cm of moderator

geom ReflectorNode : REFL 17.22
slab 2.22 15 : BAFFLE.1 MOD.1

Comments:

The slab card may be used to define three things: (1) the materials and thicknesses of a reflector initiated
on a geometry card, (2) slabs in a control blade, and (3) spacer grids. If the first argument identifier is not
present, then the first purpose of describing the various material thicknesses in a reflector is assumed. The
meshing options allow each material slab to be spatially refined in x and y, increasing the number of cells in
the transport problem. The meshing option for the number of x divisions creates the equivalent of additional
“sub-slabs” in each user-defined slab thickness. The y-divisions create additional cells vertically. The default
of one y-division corresponds to the entire assembly.

See also:

geometry<REFL>

3.2.4.12 cross - cross geometry

cross hwidth=Real lthick=Real

[Mcross=MNAME] [row=Int] [Min=MNAME] [ld=Int] [Mout=MNAME]
[: X1 X2... XN]

[:y1y2... yNI

[ : yin; yiny ... yiny]

[:nx;nxp... nxn.q]

[

:ny; nyz ... Nyn-1]
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param type Name details default
hwidth Real half width of interior cross region must be >=0
(cm)

Ithick Real cross liner thickness (cm) must be >=0

Mcross MNAME cross liner material CAN.1°

row Int row to insert cross must be >1 npins/2
and < npins

Min MNAME cross interior material MOD.2*

Id Int number of liner divisions 1

Mout MNAME cross outer fill material COOL.1"

%; Real x coordinate of vertexi - See comments ----------

Yi Real y coordinate of vertexi - See comments ----------

yin, Real y “inner” coordinate of vertexi - See comments ----------

nx, Int # of x subdivisions b/w vertices [i,i+1] must be >0 1

ny, Int # of y subdivisions b/w vertices [i,i+1] must be >0 1

*Default values for Mcross, Min, and Mout set by “system BWR.” If “system BWR” is omitted, the material definitions are required.

Comments:

The cross card performs two tasks. First, it subdivides the pinmap into four subarrays, optionally adding a
horizontal and vertical gap between the subarrays. The row parameter is uses to subdivide the pinmap. If
the pinmap is 10 X 10 and row=35, each of the four subarrays is 5 x 5. If the pinmap is 10 X 10 and row=4,
the northwest subarray is 4 Xtimes'6, the southwest subarray is 6 X 4, and the southeast subarray is 6 X 6.
The hwidth parameter controls the half-spacing of the horizontal and vertical gap in between the subarrays.
The hwidth parameter must be > 0.0 and if hwidth is > 0.0, the gap is filled with material Moy, (default is
COOL.2 with system BWR).

The second task is the insertion of the cross structure into the lattice geometry. The process is described with
reference to the example in Fig. Fig. 3.2.6. In the example, the pinmap is 9 X 9 and row=3, hwidth=1.5, and
hspan=10.5. The top left plot contains the four following lines:

1. the line in the center of the vertical cross gap,
2. the line in the center of the horizontal cross gap,

3. the diagonal line from the northwest (NW) channel box corner to the southeast (SE) corner, and
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4. the diagonal line, perpendicular to line 3, passing through the intersection of line 1 and line 2.

These four lines intersect and form 8 separate regions, i.e., octants, within the channel box interior. The
intersection point, i.e., cross center, is not necessarily equal to the box center as shown in this example. In the
top left plot, the red triangle represents the WNW octant. In the bottom left plot, the red triangle represents
the SSE octant.

% Centered cruciform flow channel
cross 0.625 0.08 5
: -6.86 -6.53 -5.20 -4.81 -3.77 -3.39 -2.05 0.0 2.

0
: 0.625 0.0 0.0 0.24 0.24 0.0 0.0 2.05 0.0

: ,/ L JC L JE L JL J
' P 200 o L JL J
(0,1) 1 / =
. i o000 o o0
L _o _° __§
(4,.5) —I
[ - 0o eeceoe
s eee eocccee
) s eoe | © o0
' s o000 o L)
| N . v
. Ne o290 o L JL J
: S o000 o o0
[ — g
S . 2 2900 o000 O0O
\\ : (4,.5) ..’ ’..__...
b k 2000 o000 O0FOC
~
_____ p — e e e
R 29900 | 00000 O
e (11,.5) 2900 oO00000O
e 2900 o000 0O
000 000000
2900 o000 0O
000 o000 00

geom manual ex : ASSM 9 2.0

hgap 1.5

box 0.5 0.0 10.5

cross 1.5 0.25 row=3 : 0 4 11 13 21
: 1.5 .51 1

Fig. 3.2.6: Construction of the BWR cross geometry (full example shown later).

The cross structure is defined be a series of vertices (X;, y;). Shown as yellow points in the top left plot, the
cross vertices are defined based on an origin displayed as the red point, which is the intersection of the inner
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west edge of the channel box and the horizontal line in that passes through the cross center.

The top plots demonstrate how Polaris inserts a section of the cross into the WNW octant. In the top left
plot, the blue polygon is constructed based on the first two vertices defined on the cross card: (0.0,1.0) and
(4.0,0.5). The intersection of the blue polygon and red polygon is inserted into the lattice and filled with
cross interior material (Mj,). The liner is then inserted above the blue polygon, padded by the liner thickness
(Ithick), and clipped by WNW red polygon if needed.

Similarly, the bottom plots demonstrate insertion into the SSE octant. For SSE insertions, the origin and
the cross vertices are rotated 90 degrees about the cross center. The blue polygon is constructed from the
second and third vertices on the cross card: (4.0,0.5) and (11,0.5). The intersection of the blue polygon and
red polygon is inserted into the lattice and filled with cross interior material (Mj,). The liner is then inserted
above the blue polygon, padded by the liner thickness (Ithick), and clipped by SSE red polygon if needed.

For each consecutive set of cross vertices, Polaris inserts a polygonal region into each of the 8 octants. The
cross vertices are entered in the input as an x-values list followed by a y-values list of the same length. The
coordinate system of the x- and y- lists is displayed in the top left plot of Fig. 3.2.6. The coordinate system is
transformed based on the following rules for each octant:

e WNW, ENE: no transform,
o NNW, SSW: reflected across the diagonal line from NW to SE channel box corners,

o NNE, SSE: rotated 90 degrees about the cross center, and

ESE, WSW: reflected across the line in the center of the horizontal cross gap.

The cross liner is inserted above the cross vertex values. The liner has a uniform thickness (Ithick) and
uniform material (Mcross). The uniform liner thickness is constructed with a miter joint at each cross vertex
as shown in the following diagram:

After the set of y-values on the cross card, an optional list of interior y-values can be specified. The length of
the interior y-values list must be equal to the length of the x- and y- lists. The optional interior y-values list is
used to split the polygons into two material regions as shown in the following diagram:

yin,i—l = Y,

For the left-hand polygon, yin i1 is the same as y;.1, but yj,; is less than y;. In this scenario, the trapezoid
region is filled with Mj,, and the triangular region is filled with Mcross. Similarly for the right-hand polygon,
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the lower trapezoid is filled with Mj, and the upper trapezoid is filled with Myoss. Note that the uniform liner
above the y-values is not shown for simplicity.

The interior y-list values can be specified in one of two ways. First, a positive value may be entered that is
greater than or equal to zero and less than or equal to the corresponding y-value. Second, a negative value
may be entered that represents the relative distance of the interior y-value below the corresponding y-value.
Note the Polaris input processor interprets “-0” different than “0”. “-0” implies that the internal y-value is the
same as the y-value. “0” implies that the internal y-value is zero. If the interior y-list is omitted, the default
for all internal y-values is “-0”, i.e., the polygon regions defined are completely filled with Mjj,.

In addition to the interior y-values list, two additional lists can be used to refine the spatial mesh in the x-
and y- directions. The list of nx- and ny- values subdivide the polygon regions along the x- and y- directions
respectively. Both lists must have one less entry than the x-, y-, and yj,- lists. If omitted, the default values
for both the nx- and ny- lists are 1, i.e., no additional spatial refinement is applied to the polygon regions. For
refinement in the y-direction, only the M;, material is refined. The following diagram shows nx=2 refinement
for the left polygon and ny=2 refinement for the right polygon:

Yin,ist = Yia

The full cross example from Fig. 3.2.6 is displayed in the top left plot of Fig. 3.2.7. The bottom plot shows a
centered cross structure with a diamond water box and empty pins surrounding the water box.

For additional examples, see the polaris.6.3 regression input files described at the beginning of Sect. 3.2.2.
See also:

box, system BWR, pinmap
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O A0
... .I...I._.!. Eeom Iilagual_ex : ASSM 9 2.0
gap L.
"|. OOOOO® B 00 105
cross 1.5 0.25 row=3 : 0 4 11 13 21
— :1 .5.51 1
_._.|. 000000
000 h 000000
LCC N ICC IO X )
LICK GO
CICICN ICC O )
..I. .l...l.. geom svea : ASSM 10 1.2
hgap 1.0
box 0.252
cross 0.3 0.1
: .05.16.3 7.5 12.6
0000000000 : 0.2 0.2 1.4 0.2 0.2
00000000 00® e pin
in 1 : 0.35 0.4 : FUEL.1 CLAD.1
00000 DOOO0) e
..... ..... pinhEC(;OO.i : C(ZOL.14: SOR
L. = =
0000 4h 0000 N oot m=d ny
1
o000 99000 ;.
0000 00000 EEEe
0000000000 | :
0000000000 1111??1
DO 00000 BREEEEEE
111111111
1111111111

Fig. 3.2.7: Additional cross examples.

3.2.4.13 dxmap and dymap - pin-by-pin displacement maps

dxmapd1 dz... di... dN
dymapd1 d2... di... dN

param type details default
d; Real pin  center | 0.0
displacement

value in the x
or y direction
(cm)

Comments:

The dxmap and dymap cards displace pins from their natural position in the geometry (see comments for
the pin card). If displacement maps are required, both the dxmap and dymap must be specified in the input
and they must have the same length. However, the length of the displacement maps does not have to equal
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of length of the pinmap if the displacement maps have reduced symmetry. For integer-sized pins greater
than 1, the displacement value should be entered in the northwest corner element of the size X size subarray.
For noninteger-sized pins, the displacement value should be in the corner element opposite of shared corner
location. Note the following symmetry restrictions for the displacement maps:

e dy; value must be zero on a horizontal symmetry line for an odd X odd pinmap,
e dx; value must be zero on a vertical symmetry line for an odd X odd pinmap, and

o dx; must equal dy; for an element on a diagonal symmetry line.

Examples:

dxmap

0.0 0.0 0.0 0.0 0.0
0.0 0.2 0.0 0.0 -0.2
0.0 0.0 0.0 0.0 6.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
dymap

0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0
0.0 0.2 0.0 0.0 0.0
0.0 0.0 0.0 -0.1 0.0
See also:

pinmap
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3.2.4.14 mesh - advanced material dependent meshing options

mesh MSPEC : [m=Real] [nx=Int] [ny=Int] [mx=Real] [my=Real]
[nr=Int] [ns=Int] [mr=Real] [ms=Real]
[nf=Int] [nd=Int] [mf=Real] [md=Real]

param type name details default
MSPEC MCLASS material identifier
IMNAME
nx Int # of x divisions must be >0 MeshNumX"
ny Int # of y divisions must be >0 MeshNumY"
nr Int # of radial rings must be >0 MeshNumRings™
ns Int # of radial sectors | must be nonzero MeshNumSectors™
nf Int # of faces/pin must be >0 2™
nd Int # of gap divisions | must be >0 1
meshing multipli-
ers
m Real global multiplier must be >0 1.0
mx Real x divisions must be >0 1.0
my Real y divisions must be >0 1.0
mr Real radial rings must be >0 1.0
ms Real radial sectors must be >0 1.0
mf Real faces/pin must be >0 1.0
md Real gap divisions must be >0 1.0

* The global mesh default values are set on the option <GEOM> card using the parameter name in the table

above.

™ Default number of faces per pin is 1. Default is 2 for system BWR or system PWR.

Examples:

mesh COOL : nr=3 ns=4 nx=2 ny=2 %coolant mesh: 3 ring, 4 sectors, 2 in x and y
mesh MOD.1 : nf=2 nd=4 %mesh used for wide gap (MOD.1): nf=2 nd=4
mesh MOD.2 : nf=2 nd=3 %mesh used for narrow gap (MOD.2): nf=2 nd=3
mesh FUEL : mr=2.0 %double the fuel radial mesh

mesh FUEL.2 : m=3.0 %triple all mesh values for FUEL.2

mesh CLAD : ms=0.5 %coarsen the clad sector mesh by a factor of 1/2.

Comments:

Polaris supports three different mesh types: 1) cylindrical mesh for CIR shapes in the pin card, 2) Cartesian
mesh for SQR shapes in the pin card, and 3) a special Cartesian mesh for the region external to the pinmap
region. As shown in the examples above, the mesh card is used to define, refine, or coarsen the mesh
parameters for one or more of the mesh types associated with a given material class or material name. The
default values for mesh parameters are defined through the option<GEOM> card and the system card. The
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default values on the option<GEOM> card are nr=1, ns=1, nx=1, ny=1, nf=1, nd=1, and MeshMult=1.0.
The “MeshMult” multiplier from the option<GEOM> is a global mesh multiplier applied in conjunction with
any material-specific multiplier (see option<GEOM> example for details). If system BWR or system PWR
is applied, new default values include nf=2, ns=8, and nr=2 (only for the channel material class). If the final
mesh value is noninteger, Polaris rounds down to determine the applied value.

See also: pin, system, option<GEOM>

3.2.4.15 detector - insert a detector geometry

det DNAME : PINID at=PINID|GNAME loc=String
: rx=RSPEC fmat=MNAME rmat=MNAME

param type Name details default

DNAME Word detector name none

PINID Word|Int detector currently only pin geometry is supported none
geometry

at PINID|GNAME  parent detector may be inserted either into an existing pin or assembly geometry none
geometry

loc String location within location is either none
parent "CENTER": center (only valid for placing

within a pin geometry)
"SE": southeast corner (only valid for placing
within an assembly geometry)

rx RSPEC reaction has the form Units(Inc, Type) none
specifier "Units": reaction units either
"R" for a reaction rate or
"E" for an energy deposition
"Inc": incident particle type either
"N" for a neutron or
"G" for a gamma/photon
"Type": reaction type either
"CAP" for capture,
"FIS" for fission,
"ABS" for absorption (FIS+CAP), or
“TOT” for total (gamma/photon only)

fmat MNAME flux material material whose flux is used to calculate the reation rate (must exist in the none
detector geometry)
rmat MNAME reaction material whose reaction cross sections are to be used instead of fmat (must fmat
material not exist in the detector geometry)
Examples:

% declare detector materials
mat DET.2 : SS304 %transmitter

(continues on next page)
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(continued from previous page)

mat DET.3 : Al 2.7 %active material matrix (with u235 dopant not modeled)

% declare detector geometry
% - transmitting wire

% - active material

% - sheath

pin PD : 0.03 0.04 0.0787

: DET.2 DET.3 TUBE.1

%u235 for reaction rate material
mat DET.1 : detu le-5
comp detu : WT u235=99.9 u238=0.1

% place detector D1, described by pin PD

% into instrument tube pin.IT, at the center

% with signal proportional to fission in material DET.1
% but with flux inside material matrix DET.3

det D1 : pin.PD at=pin.IT loc=CENTER

: R(n,FIS) fmat=DET.3 rmat=DET.1

% enable detector output in XFilel6
opt FG DetectorEdit=D1

Comments:

The detector card is not intended to produce arbitrary reaction rates, but model a simple, discrete detector
inserted into the geometry. The first line of detector input defines the detector and where it should be placed.
The second line of input defines the “signal” the detector produces. The most complex piece of the input is
the reaction specificer (RSPEC) which denotes the units (reaction rate or energy rate), incident particle, and
type of reaction. For example, neutron absorption rate would be denoted “R(n,ABS)” and gamma energy
deposition rate “E(g,CAP)”.

The detector signal is collected for the material specified as the flux material, “fmat”. In some cases, e.g.
PWR fission detector modeling, it is desirable to model a reaction rate for fissile material that does not exist,
e.g. a U-235 fission rate in an gaseous fission chamber that does not have trace amounts of U-235 present
in the composition definition. The optional reaction material, “rmat”, gives a way to specify this type of
scenario. In this case the “fmat” would be a physical material in the model like the detector fill gas whereas
the “rmat” would be another material (not present in the model) with composition and temperature defined
appropriately.

3.2.5 MATERIALS

A material contains two main types of information: (1) the composition, or distribution of nuclides, and
(2) the properties which include basic (required) properties like density and temperature, and as well as
(optional) properties like soluble poison content, void, or grid spacer smearing. The composition is defined
by a composition card. The basic specification for a material is shown below.

[mat MNAME : CNAME [dens=*Real*] [temp="*Real*] [: properties]]

argument type name details default
MNAME-= Word. Int material name used to reference this
MCLASS.MSUB material

CNAME Word composition name

continues on next page
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Table 3.2.21 — continued from previous page

dens Real density basic property composition refer-

units: g/cm’ ence density, if de-
fined

temp Real temperature basic property 293
units: K

properties Word=Value | properties extra properties are | no extra properties
defined with property
cards

A material name has two parts, the material class, or MCLASS, and a member identifier, or MSUB. For
example, FUEL.2 has an MCLASS=FUEL and an MSUB=2. All properties are defined by MCLASS. The
composition referenced by CNAME is created with a composition card, as shown below.

[comp CNAME : CTYPE arguments]

Table 3.2.22: :class: longtable

argument type name details default
CNAME Word composition name | used to reference this
composition later in ma-
terials and property defi-
nitions
CTYPE - composition type
General
Composition
Constructors
NUM number fraction
wTr weight fraction
FORM Formula
CONC Concentrations
Reactor
Composition
Constructors
Lw borated light water
Uox uranium oxide fuel
arguments - remaining argu- | depends on CTYPE
ments

Additional properties are defined with the property card, which defines the property PNAME for a material
class MCLASS. The property type, PTYPE, determines the remaining arguments.

prop PNAME MCLASS : PTYPE arguments

argument type name details default
PNAME Word property name used to reference this

property
PTYPE PTYPE property type
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Table 3.2.23 — continued from previous page

SOLP soluble poison used to define soluble
boron content
arguments - remaining argu- | depends on PTYPE
ments

3.2.5.1 material - material initialization

mat MNAME : CNAME [dens=Real] [temp=Real]
[: p1=val; pp=val, ... pj=val; ... pn=valn]

argument type name details default
MNAME Word. Int material name uses form
MCLASS.MSUB
CNAME Word composition name
dens Real density basic property composition
units: g/cm? reference density
temp Real temperature basic property 293
units: K
pi =val; PNAME-=Valug properties additional properties 0
Examples:

% define a gas gap material
mat GAP.1 : FILLGAS

% define a 3.5% enriched fuel material
comp uox_e350 : UOX 3.5
mat FUEL.1 : uox_e350 dens=10.257 temp=900

% define a cladding material
mat CLAD.1 : ZIRC4

% define a guide tube material
mat TUBE.1 : SS304

% define a control rod material
mat CNTL.1 : AIC

Comments:

Material properties may be set on either a material card or on a state card. If a temperature is specified
rather than a density, the “temp=""key must be used to skip over the density argument.

See also:

state, composition, property
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3.2.5.2 composition<NUM|WT> — general atom/wt fraction

comp CNAME: NUM|WT
[scale=<PCT>|ABS|PPM]
[norm=Bool]
[refdens=Real]
[structure=Function]

id1=Va11 id2=Valz ce idi=Vali e iszvalN

param type name details default
CNAME  Word composition name
CTYPE NUM number fraction
wTt weight fraction
scale PCTIABS|PPM scaling factor all values are divided by this factor PCT
PCT: percentage (divide by 100)
PPM: parts per million (divide by 1e6)
ABS: absolute (divide by 1)
norm Bool normalize normalize values to 1 false
refdens  Real reference density  default density for materials using this composition *
units: g/lcm?®
structure  Function structure see Structure names FREE
id=val, Word|Int=Real id/value pairs value<0 fills the remainder up to value

see acceptable id forms below

*The density property must be defined for each material either explicitly on the material card itself or

implicitly through the “reference density” of the material’s composition.

Examples:

% create a plutonium vector and then plutonium oxide

comp puvec : WT scale=PCT
Pu238=1.2
Pu239=63.3
Pu240=21.0
Pu241=8.6
Pu242=5.9
comp puox : FORM puvec=1 0=2

% create an 85/10/5 Ag/In/Cd composition

(continues on next page)
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(continued from previous page)

% using 10% In, 5% Cd,
% and filling the remainder up to 100% with Ag
comp aic : WT In=10 Cd=5 Ag=-100

Comments:
IDs in weight or number fraction-based compositions may be any of the following:
e nuclide IDs (Int), e.g., 92235,
¢ nuclide names (Word), e.g., U235 or u235,
e clement Z numbers (Int), e.g., 92,
e clement names (Word), e.g., U or u, or
e other composition names (CNAME).
See also:

composition<FORM>

3.2.5.3 composition<FORM> - general chemical formula

comp CNAME : FORM
[refdens=Real]
[structure=Function]
id;=val; idpy=val, ... idj=val; ... idy=valy

param type name details default
CNAME Word composition name
CTYPE FORM formula
refdens Real reference density | default density for mate- | *
rials using this composi-
tion
units: g/cm’
structure Function structure see Structure names FREE
id; =val; Word|Int=Real id/value pairs see acceptable id forms
below
values in atoms per
molecule
(e.g., H,O is given as
“H”=2 “0"=1)

*The density property must be defined for each material either explicitly on the material card itself or
implicitly through the “reference density” of the material’s composition.

Examples:
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% define Gd203 using element names
% (using elements implies natural abundances used in isotopics)
comp gd2o3 : FORM Gd=2 0=3

% define Gd203 using 100% Gd 155
comp gd2o3 : FORM Gd155=2 0=3

% define D20 using nuclide IDs and element names
comp d2o : FORM 1002=2 8000=3
comp d2o : FORM H2=2 0=3

Comments:
IDs in formula-based composition may be any of the following:
e nuclide IDs (Int), e.g., 92235,
e nuclide names (Word), e.g., U235 or u235,
e clement Z numbers (Inf), e.g., 92,
e clement names (Word), e.g., U or u, or
e other composition names (CNAME).
See also:

composition<NUM|WT>, composition<CONC>

3.2.5.4 composition<CONC> - general number density

comp CNAME : CONC [refdens=Real]
id;=val; idy=val, ... id;=val; ... idy=valy

param type name details default
CNAME Word composition name
CTYPE CONC concentration
refdens Real reference density | default density for mate- | **
rials using this composi-
tion
units: g/cm’
id; =val; Int=Real id/value pairs see acceptable id forms
below
note: cannot use other
CNAMEs for IDs in
CONC input
units: #/barn-cm

**A reference density is automatically calculated from concentrations input. If specified, it will simply scale
up concentrations linearly.

% pyrex composition
comp pyrex_el25 : CONC

(continues on next page)
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5010=9.63266E-04
5011=3.90172E-03
8016=4.67761E-02
14028=1.81980E-02
14029=9.24474E-04
14030=6.10133E-04

% fuel composition
comp uox_e310_gd180 : CONC

92234=3.18096E-06
92235=3.90500E-04
92236=1.79300E-06
92238=2.10299E-02
64152=3.35960E-06
64154=3.66190E-05
64155=2.48606E-04
64156=3.43849E-04
64157=2.62884E-04
64158=4.17255E-04
64160=3.67198E-04

8016=4.53705E-02

% wet annular burnable absorber (WABA) composition
comp waba : CONC

5010=2.98553E-03
5011=1.21192E-02
6000=3.77001E-03
8016=5.85563E-02
13027=3.90223E-02

Comments:

IDs in concentration-based composition may be any of the following:

nuclide IDs (Int), e.g., 92235;

nuclide names (Word), e.g., U235 or u235;
element Z numbers (Int), e.g., 92;

element names (Word), e.g., U or u; and

SCALE-specific Nuclide IDs (Int), e.g., 3006000 (Only available for comp(CONC) card).

Other composition names (CNAME) cannot be used in a concentration definition. To easily ensure consistency
of input when comparing codes, the composition input should be used in the concentrations described here.
In all other cases, the other composition constructors are recommended because they are much simpler and
easier to use.

See also:

composition<FORM>, composition<NUM|WT>

3.2.5.5 composition<LLW> - borated light water

comp CNAME : LW [borppm=Real] [refdens=Real]

param type name details default

CNAME Word composition name

continues on next page
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Table 3.2.27 — continued from previous page
CTYPE Lw light water
borppm Real boron parts per million by | *
weight of natural boron
(B) in light water (H, O)
refdens Real reference density | default density for mate- | 0.0
rials using this composi-
tion
units: g/cm’

*The density property must be defined for each material either explicitly on the material card itself or
implicitly through the “reference density” of the material’s composition.

Examples:

% define a 600ppm boron moderator composition
comp mod_600ppm : LW 600

% same composition using FORM and WT

comp mod : FORM H=2 0=1

comp mod_600ppm : WT scale=PPM norm=yes
mod=1e6 B=600

Comments:

Internally, the borated light water composition is built from composition<FORM> and composition<WT>
cards assuming natural boron. To use different boron isotopics such as depleted or enriched boron, the more
general composition cards should be used.

See also:

composition<FORM>, composition<WT>

3.2.5.6 composition<UOX> -UO; fuel
comp CNAME : UOX enr=Real [bu=Real] [refdens=Real]

param type name details default

CNAME Word composition name

CTYPE Uox uranium dioxide

enr Real enrichment U-235 wt. %
(see composi-
tion<ENRU> for
formula)

bu Real burnup only available for 0 < | 0*
bu < 100
units: GWd/MTU

refdens Real reference density | default density for mate- | **
rials using this composi-
tion
units: g/cm?
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*Note that the burnup parameter should not be specified. It is a future option to create a
fixed, representative, burned fuel composition. The composition is interpolated using linear
interpolation from an internal burnup- and enrichment-dependent data matrix.

**The density property must be defined for each material either explicitly on the material card

itself or implicitly through the “reference density” of the material’s composition.

Examples:

% define a 4.95% enriched fuel composition with a reference density

comp uox_495 :

% same result as above
comp u_495 :
comp uox_495

UOX 4.95 refdens=10.25

: FORM u_495=1 0=2

Comments:

Internally, the UO;, composition is built from composition<FORM> and composition<ENRU> cards.

See also:

composition<ENRU>, composition<FORM>

composition<USI> — U, Si;3 fuel

comp CNAME : USI enr=Real [bu=Real] [refdens=Real]

param type name details default

CNAME Word composition name

CTYPE USI uranium silicide

enr Real enrichment U-235 wt. %
(see composi-
tion<ENRU> for
formula)

bu Real burnup only available for 0 < | 0*
bu < 100
units: GWd/MTU

refdens Real reference density | default density for mate- | **
rials using this composi-
tion
units: g/cm’

*Note that the burnup parameter should not be specified. It is a future option to create a
fixed, representative, burned fuel composition. The composition is interpolated using linear
interpolation from an internal burnup- and enrichment-dependent data matrix.

**The density property must be defined for each material either explicitly on the material card

itself or implicitly through the “reference density” of the material’s composition.

Examples:

% define a 4.95% enriched fuel composition with a reference density

comp usi_495 :

USI 4.95 refdens=11.54
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% same result as above
comp u_495 : ENRU 4.95
comp usi_495 : FORM u_495=2 Si=3

Comments:
Internally, the U,Si3 composition is built from composition<FORM> and composition<ENRU> cards.
See also:

composition<ENRU>, composition<FORM>

3.2.5.7 composition<UN> - UN fuel
comp CNAME : UN enr=Real [n15enr=Real][bu=Real] [refdens=Real]

param type name details default
CNAME Word composition name
CTYPE UN uranium nitride
enr Real enrichment U-235 wt. % 100%*
nlSenr Real nitrogen  enrich- | (see composi-
ment tion<ENRU> for
formula)
N-15 wt. %
bu Real burnup only available for 0 < | 0**
bu < 100
units: GWd/MTU
refdens Real reference density | default density for mate- | ***
rials using this composi-
tion
units: g/cm’

* Natural nitrogen is 0.4 wt. % SN, but the reactivity penalty of *N warrants using the highest
5N composition possible.

**Note that the burnup parameter should not be specified. It is a future option to create a
fixed, representative, burned fuel composition. The composition is interpolated using linear
interpolation from an internal burnup- and enrichment-dependent data matrix.

***The density property must be defined for each material either explicitly on the material card
itself or implicitly through the “reference density” of the material’s composition.

Examples:

% define a 4.95% enriched fuel composition with a reference density
comp usi_495 : UN 4.95 refdens=11.3

% same result as above
comp u_495 : ENRU 4.95
comp un_495 : FORM u_495=1 7015=1

% define a 3.25% enriched fuel composition with a reference density and
% specify natural 15N composition
Comp un_495 : UN 3.25 refdens=11.3 nl5enr=0.4
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Comments:

Internally, the uranium nitride composition is built from composition<FORM?>, composition<WT>, and
composition<ENRU> cards.

See also:

composition<ENRU>, composition<FORM>

3.2.5.8 composition<ENRU> - enriched uranium

comp CNAME : ENRU enr=Real [refdens=Real]

param type name details default
CNAME Word composition name
CTYPE Uox uranium dioxide
enr Real enrichment *U-235 wt. %
refdens Real reference density | default density for mate- | **
rials using this composi-
tion
units: g/cm?

*The following formula from [POLARISGod14] is used to determine the 23U and U wt%
from the 23U enrichment. Note that this formula is only valid for U-235 enrichments less than
10 wt%.

w234 = 0.007731*(enr) 1.0837
wu236 = 0.0046*enr
wu23g = 100 - W34 - €nr - wWise

**The density property must be defined for each material either explicitly on the material card
itself or implicitly through the “reference density” of the material’s composition.

Examples:

% 5% enriched metal fuel
comp umetal : ENRU 5

Comments:

This composition for enriched uranium is used internally to create uranium oxide, silicide, and nitride fuels
using the composition<UOX>, composition<USI>, and composition<UN> cards.

See also:

composition<UOX>, composition<USI>, composition<UN>
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3.2.5.9 composition library (pre-defined)

The Polaris composition library contains predefined compositions that may be used without a constructor by
simply referencing the CNAME below. Each predefined library composition has a reference density, so it can
be used directly on a material card.

Table 3.2.32: Standard molecular compositions

CNAME Description
H20 light water with structure=BOND(H20)
B4C Boron carbide burnable poison material
Er203 Erbium oxide burnable poison material
Gd203 Gadolinium oxide burnable poison material
SiC Silicon carbide
ZrH zirconium hydride alloy with structure=CRY S(orthorhombic_zrh)
Zr5SH8 zirconium hydride alloy with structure=CRY S(cubic_zrh)
ZrH2 zirconium hydride alloy with structure=CRY S(tetragonal_zrh)
fillgas Helium gas
Cr203 Chromium dioxide (chromia, Cr,O3)
Al203 Aluminum dioxide (alumina, Al,O3)
BeO Beryllium dioxide (beryllia, BeO)
Table 3.2.33: Standard reactor mixtures and alloys
CNAME Description
aic Ag-In-Cd control rod absorber material
pyrex Pyrex glass
zirc2 Zircaloy-2 clad material
zirc4 Zircaloy-4 clad material
ss304 Stainless Steel 304
ss316 Stainless Steel 316
inc718 Inconel 718
water H20 with trace amount of boron
pyroc Pyrolytic carbon, C with structure=CRY S(pyrolytic_c)
graphite Graphite, C with structure=CRY S(hexagonal_c)

Table 3.2.34: Structure names.
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structure Description Nuclide

Cross section ID*
BOND(H20) H,O in liquid water H-1 — 1001

H-2 —» 1002
FREE atoms allowed to orient freely (no H-1— 8001001

structure)

H-2 — 8001002

CRYS(orthorhombic_zrh)

ZrH in zirconium hydride alloy with
orthorhombic crystal structure (gamma

phase)

H-1 — 7001001
Zr-90 — 1040090
Zr-91 — 1040091
Zr-92 — 1040092
Zr-93 — 1040093
Zr-94 — 1040094
Zr-95 — 1040095
Zr-95 — 1040096

CRYS(cubic_zrh)

Zr,H in zirconium hydride alloy with
cubic crystal structure (delta phase)

H-1 — 7001001

Zr-90 — 1040090
Zr-91 — 1040091
Zr-92 — 1040092
Zr-93 — 1040093
Zr-94 — 1040094
Zr-95 — 1040095
Zr-95 — 1040096

CRYS(tetragonal_zrh)

Zr,H in zirconium hydride alloy with

tetragonal
phase)

crystal

structure  (epsilon

H-1 — 7001001

Zr-90 — 1040090
Zr-91 — 1040091
Zr-92 —1040092
Zr-93 — 1040093
Zr-94 — 1040094
Zr-95 — 1040095
Zr-95 — 1040096

CRYS(pyrolytic_c)

C in pyrolytic crystal structure (graphite)

C — 3006000

CRYS(hexagonal_c)

C in pyrolytic carbon (additional covalent
bonds compared to graphite)

C — 3006000

CRYS(hexagonal_beo)

Be,O in beryllium oxide with hexagonal

structure

Be-9 — 5004009
0-16 — 5008016
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Note: The cross section IDs can only be used on composition cards with the CONC variant to input number
densities directly.

3.2.5.10 property<SOLP> - soluble poison by weight
prop PNAME M1 ... : SOLP poison [scale=<PPM>|PCT|ABS]

param type name details default
PNAME Word property name property value p > 0
Ml ... MCLASS material class one or more material
classes to gain this prop-
erty
PTYPE SOLP soluble poison
poison CNAME soluble  poison
composition name
scale PCT|ABS|PPM scaling factor all values are divided by | PPM
this factor PCT: percent-
age
(divide by 100) PPM:
parts per million (divide
by 1e6)
ABS: absolute (divide
by 1)

Examples:

% define a soluble boron property for moderator
% and coolant material classes

% using natural boron

prop boron MOD COOL : SOLP B

% investigate coolant crud/impurity activation

% 1. define a general impurity property to mix in coolant,
comp crud : NUM Ni=12.7 Cr=2.3 Fe=-100 %mostly Fe
prop impurity COOL : SOLP crud

% 2. create coolant material with 100ppm of crud
mat COOL.1 : LW dens=0.75 : impurity=100

% 3. make sure to "deplete" coolant so crud gets activated
deplete COOL=true

Comments:
None
See also:

pinmap, control, insert
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3.2.5.11 property<DOPANT> - fuel dopant by weight

prop PNAME M1 ... : DOPANT dopant [scale=<PPM>|PCT|ABS]

param type name details default
PNAME Word property name property value p > 0
Ml ... MCLASS material class one or more material
classes to gain this prop-
erty
PTYPE DOPANT fuel dopant
dopant CNAME Fuel dopant com-
position name
scale PCT|ABS|PPM scaling factor all values are divided by | PPM
this factor PCT: percent-
age
(divide by 100) PPM:
parts per million (divide
by 1e6)
ABS: absolute (divide
by 1)
Examples:

% define three dopants properties for the fuel

% using predefined Cr203, Al1203, and BeO

% then dope (deferred definition) fuel with 0.3% chromia,
% 0.2% alumina, 0.1% beryllia
prop Cr203 FUEL: DOPANT Cr203
prop A1203 FUEL: DOPANT A1203
prop BeO FUEL: DOPANT BeO

mat FUEL.1 : uox_e310 temp=565 : Cr203=1000

% can also set the values through system properties

% works for both PWR and BWR

=polaris

title "pincell with UOX fuel doped with Cr203, A1203, and BeO"
1lib "broad_lwr"

sys PWR

geom wecl7 :
comp uox_e310 : UOX 3.10

mat FUEL.1 : uox_e310 10.5 :
pin 1 : 0.4096 0.418 0.475 :
end

ASSM 1 1.26

cr203=3000 al203=2000 beo=1000
FUEL.1 GAP CLAD

Comments:
None
See also:

solp
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3.2.5.12 property<TWOPHASE> - density property used to control two phase mixtures
property PNAME MCLASS : TWOPHASE ligden=Real vapden=Real

param type name details default

PNAME String name for this prop- | Name with which to re-
erty fer to this TWOPHASE

property in other cards.

MCLASS MCLASS material class(es) | Generally COOL or
for which this | MOD but can be any
property is valid material.

ligden Real density of the lig- | In g/cm’.

vapden Real uid In g/cm’.
density of the va-
por

Examples:

% define a TWOPHASE combination for moderator and coolant
prop vEf MOD COOL : TWOPHASE 0.7 0.04

Comments:

The two-phase property is used to model materials that exist in two phases, such as water existing in a liquid
or gas. This is typically used for water in BWR systems where the density of the water changes as one moves
axially through the core. This property is defined by the liquid and vapor density. Later, in the state or history
cards, a number between 0% and 100% is entered and the final density is calculated by interpolating between
the liquid and vapor density values. The only requirement is that the liquid density must be greater than the
vapor density.

3.2.5.13 deplete - material depletion and decay
deplete M;=Bool My=Bool ... Mj=Bool ... Mn=Bool

param type name details default
M; MNAMEMCLABS of use ALL for all materi-
material names or | als

material classes

Note: Only one deplete card is allowed in an input. ALL only applies in the first position.

Examples:

% turn on depletion/decay for two new materials
sys PWR
deplete MyMaterial=true MyOtherMaterial=true

% activate/deplete/decay every material
deplete ALL=true

(continues on next page)
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% impose strict conditions
sys PWR
deplete ALL=false FUEL=true CLAD=true

Comments:

The deplete card not only instructs Polaris to deplete a material, but also to solve the Bateman equations with
ORIGEN for that material. Thus if the flux/power is zero, only materials that are flagged to “deplete” will
undergo decay. The deplete card modifies the depletables included in a system card to avoid the situation in
which “deplete MyMaterial=true” would make only MyMaterial depletable. Thus to completely re-specify
the depletable materials, “ALL=false” should be used as the first argument. This is in contrast to the basis
card, which completely specifies a new power basis.

See also:

material, shield, basis

3.2.5.14 basis - power basis materials

basis M1=Bool M>=Bool ... M;=Bool ... Mn= Bool

param type name details default
M; MNAMEMCIASS of use ALL for all materi- | ALL

material names or | als
material classes

Note: Only one basis card is allowed per input. ALL is only allowed in the first position.

Examples:

% use only FUEL materials as the basis
basis ALL=no FUEL=YES

% Specify FUEL.3 as the basis
basis ALL=no FUEL.3=YES

Comments:

The basis card is used to specify the materials to use in power normalization. By default, the energy
release from all materials is taken into account, including (n,gamma) reactions in structural materials such
as cladding. It is not recommended to change the default of ALL in most situations. Exceptions include
(1) when comparing results to other codes that only use fuel in the basis and (2) fixing the power in a specific
pin is known-a material should be created only for that pin, and the power basis should be specified for
that material only. The basis card overrides any power basis imposed by a system card. Thus it behaves
differently than a deplete card, which is combined with depletable materials imposed by a system card.

See also:

material, shield, deplete
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3.2.5.15 shield - cross section self-shielding expansion specification

shield M, =XTYPE M,=XTYPE ... M;=XTYPE ... Mn= XTYPE

param type name Details default
M; MNAME| list of use ALL for all materi-
MCLASS material names or | als
material classes
XTYPE N|PIR|S self-shield ing ex- | shield across various | R
pansion type mesh elements
N: no expansion
P: pins
R: rings (P implicit)

Note: Only one shield card is allowed per input. ALL is only allowed in the first position.

Examples:

%create a unique self-shielded FUEL cross sections in each pin
%consider all other materials to have a single self-shielded cross section
shield ALL=N FUEL=P

%assess effect of self-shielding each pin's cladding
shield CLAD=P

%re-specify self-shielding to be P by default, R for the FUEL
shield ALL=P FUEL=R

Comments:

The shield card controls how materials are internally expanded for self-shielding purposes. By default,
Polaris expands all materials across pins and rings (R). For example, a fuel region defined on a pin card as
having 10 rings will be expanded internally to have 10 different self-shielded cross sections. Because the R
option also implicitly includes the P option, each instance of that pin will also get different cross sections.

When using specific systems (e.g., system PWR), this card is generally not needed. The shield card modifies
the self-shielding options included in a system card. Thus, to completely re-specify the expansion, use
“ALL=N" as the first argument. This is in contrast to the basis card, which completely specifies a new power
basis.

See also:

material, deplete, system

3.2.6 STATE

The idea of a “state” or “statepoint” is a standard concept in lattice physics calculations. In Polaris, the concept
of state is mostly tied to the values of material properties. The base state for a calculation is determined as
follows:

1. The base state is initialized with any property values set on material cards.

2. The base state is updated with any state cards that apply to ALL.
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3. The base state is updated with any other state cards, and the power card is used to set the base state
power.

This sequence ensures that the state does not change, even if the order of inputs changes. A time or burnup
card is then used to initiate a calculation as a function of time or burnup, thus producing a sequence of states.
A branch block is used to perform branches off the base state at specific times or burnups.

single value mode:

state NAME : p;=val; po=val, ... pj=val; ... pn=valn
[NAME : p;=val; ppo=val, ... pj=val; ... pn=valy ... ]

array mode with M burnup/time values, only in history block:

state NAME : p;=val; [val, ... val; ... valy]
pa2=valy [valy ... val; ... valy]

pi=val; ...

pszah .
[ NAME : py=val; ... ]

param type name details default
NAME MNAMEMCILAS&erial use ALL for all materi-
or name/class als
INAME, or insert/cont rol in=yes[no
GNAME geometry pres=yes|no
pi PNAME property name
val; Value property value
Examples:

state ALL : temp=293
COOL : dens=1.0 boron=1100
BPMAP : in=yes

read history

R et e e %
% cycle 1

K mmmm e - %
pow 39

state ALL : temp=600
COOL : boron=900 850 700 600 400

dens =0.6
FUEL : temp =900 910 920 890 880
dt 50 50 100 100 200
pow ©
dt 70

(continues on next page)
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Jpm—mm %
% cycle 2
e e e L LR L T %
state BPMAP : in= no

COOL : boron=900 850 700 600 300
FUEL : temp =900 910 920 890 880

pow 42 41 38 39 37
dt 50 50 50 100 250
pow ©
dt 80

end history

Comments:

The state card is used to specify properties for different materials, control maps, control blades, and insert
maps. The state card can specify one or multiple properties simultaneously. The property specifications can
either be a single value or multiple values, each value corresponding to a burnup/time step in the burnup/time
input card (bu|bui|dbul|t|ti|dt).

The state card can be used outside a history block or inside a history block. Outside the history block, i.e.,
at the “root” input level, a single state card can initialize property values to a single value. If one or more
power histories are defined at the root input level, the state properties are constant throughout the calculation.
The state properties are only modified for branch calculations.

Time-dependent state properties are allowed through the history block. One or more power histories are
allowed inside a history block. Each power history contains a power card (single value or array value) and
a burnup/time card (bu|bui|dbul]t|ti]dt). Before the burnup/time card, a state card can be used to define
one or more state properties. The property specifications are either a single value or an array of values that
correspond to each burnup/time step. If a property is omitted in a state card, the value is defined based on the
following precedence:

o the last value specified through the closest preceding state card in a given history block, or
o the value specified in the state card at the root input level, or
o the default property value.

By default, all control or insert geometries are not inserted (in=no). Material property defaults are defined on
the material card or through the system card.

See also:
history, system
3.2.6.1 power - total power

Pow [: Py p2... Pi... PN]

param type name details default
pi Real list of specific pow- 0
ers in W/g initial
heavy metal

Examples:
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% set power to 35 W/gIHM
power 35.0

% provide a power history

% must have same number of values as following time/burnup card
power : 35.0 40.0 45.0 45.0 40.0 5.0 0.0

time : 10 20 30 40 50 60 70

Comments:

The power card specifies the total power of the basis materials specified by a basis card. The power value
may be specified only once.

See also:

t, bu, history, basis, state<MNAME>

3.2.6.2 bu - initiate calculation with cumulative burnups

bu [b1 b2 bi bN]
[: units=<GWD/MTIHM>|MWD/MTIHM

param type name default
b; Real list of 0
burnups
units GWD/MTIHM]| burnup units | GWD/MTIHM
MWD/MTIHM

Examples:

% simple depletion case with constant power and absolute/cumulative burnups
power 40
bu 5 10 15 20 30 40 50 60 30

% using MWd/MTIHM units with variable power

% 40 W/gIHM for 0—5000 MWD/MTIHM, then 30 W/gIHM for 5000— 10000 MWD/MTIHM
power 40 30

bu 5000 10000 MWD/MTIHM

% combine burnup and time cards

% 20 W/gIHM for 0—5 then 5—10 GWD/MTIHM steps, then

% 40 W/gIHM for a 5-day step then 30 W/gIHM for a 5-day step
power 20

bu 5 10 GWD/MTIHM

power 40 30

dt 5 5 DAYS

Comments:

The bu card initiates a calculation for a given sequence of cumulative/absolute burnups. A burnup or time
card usually follows a power card, the two effectively specifying the power history. If multiple burnups
are given, then the power card must have either a single power or a list of powers the same size as the list
times. A value of 0 is implicit at the beginning of the first burnup list. Multiple burnup/time cards may be
specified in an input. This can be convenient for switching units or changing from burnup-based to time-based
depletion. Internal automatic substeps are always in effect unless modified with the option<DEPL> card.
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See also:

t, dt, ti, bui, dbu, power, option<DEPL>, branch, deplete

3.2.6.3 bui - initiate calculation with cumulative burnups (with restart)

blli[b1 b2... bi...

bn]

[: units=<GWD/MTIHM>|MWD/MTIHM ]

param type name default
b; Real list of 0
burnups
units GWD/MTIHM]| burnup units | GWD/MTIHM
MWD/MTIHM
Examples:
power 30
bui 5 10 %equivalent to: bu 5 10
power 40
bui 5 10 %equivalent to: bu 15 20
Comments:

The bui card initiates a calculation for a given sequence of cumulative burnups. If only one burnup list is
provided, the bui card is identical to the bu card. For any subsequent burnup list, the bui card specifies
cumulative burnups that restart at zero at the beginning of each list (see example above).

See also:

t, dt, ti, bu, dbu, power, option<DEPL>, branch, deplete

3.2.6.4 dbu - initiate calculation with incremental burnups

dbu[blbz... bi...

bn]

[: units=<GWD/MTIHM>MWD/MTIHM ]

param type name details default
b; Real list of 0
incremental
burnups
units GWD/MTIHM]| burnup units GWD/MTIHM
MWD/MTIHM
Examples:

% incremental burnups equivalent to

%  power 40

278

(continues on next page)




(continued from previous page)

% bu 0 5 10 15 20 30 40 50 60 80
power 40
dbu 5555 10 10 10 16 20

Comments:

The dbu card initiates a calculation for a given sequence of incremental burnups. Otherwise, it is identical to
the bu card for specifying cumulative burnups.

See also:

t, dt, ti, bu, bui, power, option<DEPL>, branch, deplete

3.2.6.5 t - initiate calculation by cumulative time

tltity... ti... tN]
[:units=SECONDS|MINUTES|HOURS|<DAYS>|YEARS]

param type name details default
t Real list of 0 0
times
units SECONDS time units DAYS
| MINUTES
|  HOURS
| DAYS |
YEARS
Examples:

% burn with 40 W/gIHM for 300 days in 100-day increments
power 40
t 100 200 300

% simulate 2 cycles of time-dependent irradiation with shutdown cooling
% note that time defaults to DAYs
%

% cycle 1

power 40 30 30 30

t 100 200 300 400

power O

t 415

%

% cycle 2

power 30 20 20 20

t 515 615 715 815

power O

t 830

Comments:

The t card initiates a calculation for a given sequence of cumulative/absolute times. One of the time cards (t,
dt, or ti) is required to model periods of decay in conjunction with power 0. Otherwise, the time card t is
similar in functionality to the burnup bu card but with different units.

See also:
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ti, dt, bu, bui, dbu, power, option<DEPL>, branch, deplete

3.2.6.6 ti - initiate calculation by cumulative time (with restart)

tltita... ... tn]
[:units=SECONDS|MINUTES|HOURS|<DAYS>|YEARS]

param type name details default
ti Real list of 0 0
times
units SEC- time units DAYS
ONDSIMINUTES]|
HOURS|DAYS
|YEARS

Example with t card:

% cycle 1
power 40
t 100 200 300 400

power O
t 415

% cycle 2
power 30
t 515 615 715 815

power O
t 830

Equivalent example with ti card:

% cycle 1
power 40
ti 100 200 300 400

power O
ti 15

% cycle 2
power 30
ti 100 100 100 160

power O
ti 15

Comments:

The ti card initiates a calculation for a given sequence of cumulative times. If only one time list is provided,
the ti card is identical to the t card. For any subsequent time list, the ti card specifies cumulative times that
restart at zero at the beginning of each list (see example above).

See also:

t, dt, bu, bui, dbu, power, option<DEPL>, branch, deplete
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dt - initiate calculation by incremental time

tltito ... ;... tn]

[-units=SECONDS|MINUTES|HOURS|<DAYS>|YEARS]

param type name details default
t Real list of 0
times
units SEC- time units DAYS
ONDSIMINUTES]
HOURS|DAYS|YEARS
Examples:

% burn with 40 W/gIHM for 300 days in 100-day increments equivalent to

% power 40
% t 100 200 300
power 40

dt 100 100 100

% decay for 30 minutes

power O
dt 30 MINUTES

Comments:

The dt card is identical to the cumulative time card t except that the values given are incremental.

See also:

t, ti, bu, bui, dbu, power, option<DEPL>, branch, deplete

3.2.6.7 branch - instantaneous change

read branch [BNAME]

add ...
[add ...]
end branch

param

type

name

details

default

BNAME

Word

branch name

DEFAULT

allowed cards in
branch block

add

adds a list of states to
branch on

Examples:
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% fuel temperature and boron branches (results in 7 total states)

read branch
add FUEL : temp=800 1000 1200
add COOL : boron=0 400 800 1400
end branch

% branch to different
% fuel temp/coolant temp/coolant density, synchronizing
% states (results in 3 total states)
read branch
% state 1 2 3
add FUEL : temp=800 1000 1200
COOL : temp=565 585 620
COOL : dens=0.73 0.71 0.68
end branch

Comments:

The branch card initiates so-called “branch” calculations, i.e., instantaneous changes of state at specific
burnups/times during the base depletion sequence of calculations. The syntax for the add card is identical
to the state card except, instead of taking a list of different properties and their values, it takes a single
property and a list of values. Note that a time or burnup card is not necessary-if not found, branches will be
performed at every burnup/time specified in the base state. The initial state for any branch card is the base

state as specified in the main file. This means branch cards have no knowledge of one another.

See also:

add, bu, t, title

3.2.6.8 history - time-dependent history

read history [HNAME)]
power ...
[state ...]
bu|bui|dbult|ti|dt ...
[power ...
[state ...]
bu|bui|dbul]t|ti|dt ... ]

end history

param type name

details

default

HNAME Word history name

DEFAULT

allowed cards in
history block

power - -

specific power

state - -

state properties

bulbui|dbul]t|ti|dt | - -

burnup or time

Examples:
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state ALL : temp=293
COOL : dens=1.0 boron=1100
BPMAP : in=yes

read history

o= —mm %
% cycle 1

Fm—mm %
pow 39

state ALL : temp=600
COOL : boron=900 850 700 600 400

dens =0.6

FUEL : temp =900 910 920 890 880
dt 50 50 100 100 200
pow ©
dt 70
R e T e L T %
% cycle 2
K ——mmm - %
state BPMAP : in= no

COOL : boron=900 850 700 600 300

FUEL : temp =900 910 920 890 880
pow 42 41 38 39 37
dt 50 50 50 100 250
pow ©
dt 80

end history

Comments:

The history card initiates a time-dependent calculation with user defined power history and time-dependent
material or geometry properties. Each history block is independent from one another. Each history calculation
generates an ORIGEN binary concentration file with the name filename_hname.f71 where filename is the root
name of the input file and iname is the name for the history. Similarly, if few-group cross section files are
requested, the filenames are filename.hname.t16. If ORIGEN binary library files are requested, the names are
filename.hname.XXX.f33 where XXX is the name of 