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Abstract

This tutorial acts as the first contact for new OSCAR-5 users regarding hands-on use of the
modelling platform and some of the associated codes. The OSCAR-5 system uses a multi-code
approach to solve reactor physics problems, and as such employs a code independent model-
ling philosophy. This tutorial aims to give an impression of the overall workflow employed in
OSCAR-5 and introduces some of the codes involved. A simple single fuel assembly reactor is
used in this tutorial as demonstration of the various steps involved in performing reactor analysis
in OSCAR-5. The user is required to work through the basic steps, from building a component
model, then a core model, and finally deploying the model to multiple codes for performing a
simple flux calculation. It is important to note that in this tutorial the usage of the underlying
codes (for which input is generated) is not discussed in detail and the user is referred to the
manuals of these specific codes for more details. In this tutorial, all input sets are provided, and
the user simply has to execute the various steps during each part of the process. Some time is
spent on viewing input and output, and on highlighting important file types and conventions.
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Symbols and Abbreviations

CSG Constructive Solid Geometry

cOMPoSe OSCAR Model Preparation System

CPU Central Processing Unit

GET Generalized Equivalence Theory

LEU Low Enriched Uranium

MCNP Monte Carlo N-Particle Transport Code

MGRAC Multi-Group Reactor Analysis Code

MTR Material Testing Reactor

OSCAR-4 Overall System for the CAlculation of Reactors, generation 4

OSCAR-5 Overall System for the CAlculation of Reactors, generation 5

POLX Polynomial cross-section fitting code

SAFARI-1 South Africa Fundamental Atomic Research Installation 1
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Welcome to your first hands-on encounter with the OSCAR-5 system. OSCAR-5 is a reactor
calculational platform, supporting a set of different reactor computation codes, focussed on cal-
culational needs for research reactors, power reactors and high temperature reactors. However,
the system, and its predecessor OSCAR-4, has an extensive validation basis with regards to re-
search reactor modelling, and the majority of cases considered during this tutorial series will
focus on various aspects hereof. This tutorial aims to:

. Acquaint you with the philosophy of OSCAR-5 for reactor modelling, and in particular in
the concepts applied in code-independent model building. We will refer to this OSCAR-5
model as the unified model.

. Develop a unified model for a simple reactor (containing only a single fuel assembly), and
then deploy that model to both Monte Carlo and deterministic solvers. In this case we will
use MCNP and Serpent as Monte Carlo codes, and the OSCAR-4 nodal diffusion package
as deterministic code.

. Perform a simple steady state flux calculation and compare the multi-code results. This
will help you to understand how the system ensures consistency between high fidelity
(Monte Carlo) and operational (deterministic) models and associated solutions.

. Provide you with sufficient background and examples to progress with the remaining set
of tutorials.

In this specific tutorial, we will walk through the major steps involved in preparing and execut-
ing reactor calculations with OSCAR-5. These steps allow for an extremely powerful feature
of using various codes for fit-for-purpose applications, all in a consistent manner. High fidel-
ity codes (such as Serpent or MCNP) can easily accommodate the full heterogeneous reactor
details of the OSCAR-5 model, while the development of a homogenized deterministic repres-
entation for a nodal solver (such as OSCAR-4) requires a much more advanced approach based
on equivalence theory.

9
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Tip: Here “fit-for-purpose” refers to the specific combination of accuracy and calculational efficiency
most suited to a specific application

The OSCAR-5 system also features a multi-tier user interface:

. The primary interface level is a script-based system (using Python high-level program-
ming language), allowing the user access to a fairly intuitive reactor calculational frame-
work for building and viewing models, running calculations and post-processing results.1

. Further, users of the course can interact with the actual code inputs themselves after they
are generated.

. Finally the system has a graphical user interface for controlling the most typical workflow-
type activities.

This specific tutorial will introduce the user to the script-based interface, which is the most
powerful way to use OSCAR-5, and demonstrate to the user how to calculate a multi-group
flux profile through a single fuel assembly in an infinite lattice. In future tutorials, we will
expand these concepts to full-core models, and operational calculational requirements such as
core-follow and core reload analysis.

For the moment however, let us focus on the joys of instant gratification, and perform our first
reactor simulation via a few simple steps.

1.1 Background

A detailed heterogeneous reactor specification requires the definition of geometry and material
layout of the reactor. In OSCAR-5, such a process is divided into

. building of core components,

. building of core configuration and, finally,

. deployment of this model to a specific code for a given application.

If the model is to be deployed to MCNP or Serpent for a very detailed flux calculation, the spe-
cification in OSCAR-5 can generally be faithfully transferred to the target codes. The calculation
might take a little while, given the computational cost of these codes, but very little intervention
from the user is required after building the heterogeneous model.

However, when we are interested in, for example, performing a large set of core design cal-
culations, it is typical to use a nodal diffusion code for such tasks, since many hundreds (or
even thousands) of calculations may be needed, and nodal diffusion codes are highly efficient
for such applications. In this case we typically follow a process of spatial homogenization and
energy condensation to simplify the model to its final representation. Generally, three steps are
involved in these kinds of reactor simulations:

1Please note that often in this tutorial script extracts are shown. They are by no means complete script extracts,
and often even do not represent continuous blocks from the underlying files. The extracts are primarily made to
highlight certain parts of the input.
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1. The generation of homogenized few-group cross-sections for each of your reactor com-
ponents, for the appropriate range of conditions (referred to as states) needed during actual
full-core simulation. This process implies the definition of a set of state parameters which
will be varied to produce homogenized few-group cross-sections for all possible future
states of the fuel assembly. We rather calculate all this up-front, and store it for later use,
since we do not want to perform transport calculations during day-to-day usage of the
model. At that stage, we only want to use the efficient nodal diffusion solver.

2. The set of homogenized cross-sections are fitted in order to produce a continuous repres-
entation of the few-group data.

3. The reactor core is assembled from these homogenized materials, and a reactor operational
cycle is defined and simulated, allowing the prediction of important reactor parameters
like the core multiplication factor keff, power distribution and material number densities.
This is typically solved with a nodal diffusion method, meaning that relatively large cal-
culational nodes are employed, giving good accuracy of solution on a discretization on the
order of a fuel assembly pitch. The module or code used to calculate the nodal diffusion
solution on the scale of the full reactor problem is often referred to as the global solver,
or alternatively the core simulator. These terms are used interchangeable throughout the
tutorial series.

The steps are illustrated below in Figure 1.1, which shows the three steps of single assembly
cross-section generation via transport theory, fitting of nodal cross-sections as a function of state
parameters, and finally usage of nodal cross-sections in the full-core nodal diffusion calculation.
In this example the fuel design and core layout from SAFARI-1 (South Africa Fundamental
Atomic Research Installation 1) is used to illustrate the principle.

Figure 1.1: Typical deterministic calculational path
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As you can see, these steps are by no means simple and often requires extensive experience
in the associated codes and computation methods applied. OSCAR-5 endeavours to simplify
this process via a semi-automated process of generating the so-called equivalent nodal diffusion
model, in a way that retains as much consistency as is theoretically possible with the original
heterogeneous model. The nodal diffusion code within OSCAR-5 is actually an updated version
of OSCAR-4.

Tip: To learn more about OSCAR-4 as a stand-alone code, please consult the OSCAR-4 user
guides, tutorials and theory manuals.

In this tutorial, we will explore both of these approaches (generating a detailed Monte Carlo
and homogenized nodal model) and compare them. Even though the reactor model in this case
is relatively simple (just a Material Testing Reactor – MTR – fuel assembly), the concepts and
philosophy we will apply is going to remain exactly the same when we move to actual full-core
models in later tutorials.

After this tutorial, you will be able to...

Build and view a simple MTR fuel assembly component in OSCAR-5.

Define a simple core configuration in OSCAR-5, in this case containing only your fuel
assembly.

Generate both a heterogeneous Monte Carlo and homogenized nodal model of the
core.

Perform a simple flux calculation of each and compare the results.

1.2 The Scenario

The nuclear engineer in charge of performing reload calculations at your institution informs
you that a new assembly type is being considered and a model thereof is needed in order to
evaluate its characteristics. You should determine as step one, the reactivity of the fresh element
in an infinite lattice of such elements and have a look at the axial power distribution through
the assembly. Remember that the assembly has some top and bottom structure and as such an
axial power shape will not be flat. Furthermore, as a second consideration, you should evaluate
the detailed intra-assembly power distribution in the assembly in its fresh state at the axial layer
where the peak power occurs. This will allow you to assess the so-called power peaking factor in
the assembly. Consider the various approaches and codes which you could employ to solve this
problem, and compare their relevance. A picture of the fuel assembly (plate type MTR assembly
design is given below:
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Figure 1.2: Design of the proposed MTR plate-type fuel design for evaluation

1.3 The OSCAR Approach

1.3.1 General philosophy

In the OSCAR-5 code system you have a number of approaches at your disposal to solve such
a problem. As "citizens" of OSCAR-5 we have, as part of this tutorial, three options. These
are MCNP, Serpent and OSCAR-4. How do we decide how to proceed? Before we make this
decision, let us spend some time on understanding the layout of the OSCAR-5 system. which
will help to define the options at your disposal.

Tip: Remember that OSCAR-4 was only a nodal diffusion package, while OSCAR-5 is a multi-
code calculational platform which contains its own nodal package as one of the possible targets
codes.

The structure of the code system is illustrated in Figure 1.3. From the figure, we note:

. The main entry point to the system is the construction of a unified, code-independent sys-
tem model (top left). A detailed model of each assembly type (including the pool) is built
using the Constructive Solid Geometry (CSG) module of the system. Assembly models
are combined in an assembly library, from which full-core configurations are constructed.
All material properties (isotopic composition and nominal material state, etc.) are also
defined in a code-independent fashion.

. Moving from the Unified Model block to the right defines the process of generating the
input model for a particular code, including geometry and material specification, while
moving down from the unified model definition, describes the path towards generating the
application-specific parts of the code input.

. Moving first along the geometry and material specification path, we have:
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Figure 1.3: OSCAR-5 system layout. The dot under each code system indicates suitability (red, yellow,
green from least to most) for the intersecting application and the size of the dot indicates the
accuracy capability there-of for the given application.
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1. Support for the model building process, facilitated in the system via extensive visu-
alization schemes, allowing 3D rendering with multiple filters to isolate the com-
ponents and materials being considered. This can be done at both component and
core level. Macros for the automatic creation of typical component types (e.g. plate-
type fuel assemblies), geometry processing and mesh optimization schemes as well
as mesh completion algorithms all assist in the creation and final deployment of the
model.

2. Translators used to write the geometry and material description of the model to the
input for target codes that use detailed geometry. These translators are defined once
in the system, and therefore do not depend on the model. This mechanism also
ensures that the model remains consistent when it is exported to multiple codes

3. The nodal model generator cOMPoSe (which stands for OSCAR Model Preparation
System), as detailed assembly and core models cannot be used directly in a nodal
diffusion solver. This facilitates the spatial homogenization and energy condensa-
tion step. The tool is used to systematically move from the heterogeneous unified
description with point-wise cross-section data, to a set of homogenized mixtures
with energy condensed to a few-group representation.

. Moving down from the Unified Model description, we have:

1. A generic inventory management system, which stores the material states of burnable
assemblies, makes it possible to use analysis codes lacking this feature for long term
core management. It also allows the transfer of assembly states, using a number of
options to merge and expand isotopic compositions, to the different codes connected
to the system.

2. Once a suitable model is prepared, it can be deployed to various analysis applica-
tions. The figure shows some codes currently coupled to the system, where the dot
under each code illustrates the suitability of that code to the intended application.
A green dot means the code is perfectly suitable, a yellow dot means it can be used
but is not necessarily the best choice, and a red dot indicates that, although pos-
sible, the code is not well suited due to feature or resource limitations. The size of
the dot indicates the error or level of inaccuracy associated with each code for that
application.

The final point above should start to give you some feeling as to the options you can consider
for various tasks. For instance, although the nodal diffusion solver OSCAR-4/MGRAC can be
used to estimate local flux values in the system, the associated error could be large. The Monte
Carlo codes Serpent or MCNP would be much better choices, with MCNP more favourable
since it incorporates better estimators in its detector response models. On the other hand, for
equilibrium studies where a final core mass distribution is the main outcome, MGRAC will give
fairly accurate results in a reasonable amount of computing time, while the Monte Carlo codes
will consume many thousands of CPU hours.
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1.3.2 Specific deployment strategy for this scenario

So we return to the problem at hand. We are interested in determining some core average para-
meters such as reactivity and assembly power, but as a second part of the request we need
detailed sub-assembly powers. Let us formulate two strategies:

1. Use the system to generate a detailed Monte Carlo model of the system and use it to
determine the global, but also local quantities as requested. This will also act as a reference
solution.

2. Develop a homogenized nodal diffusion model and use it to determine the reactivity and
axial nodal power distribution. We can however go a little further. The nodal method-
ology does allow for the concept of power reconstruction. This means that even though
the solver is intended to generate a solution on an assembly-sized mesh, it does contain
a technique for recovering the detailed solution within an assembly. Although approxim-
ate, it is instructive to compare this solution to the reference set to determine for which
applications such an estimate would be applicable.

Since the generation of the nodal model is quite an important step, we include a little more detail
on the process involved in the cOMPoSe subsystem in the next section.

1.3.3 cOMPoSe philosophy

Moving from a full-detail, heterogeneous model utilizing transport theory for neutronic analysis
to a course (or nodal) homogenized representation suitable for diffusion theory is a fairly in-
volved process. There are many factors to take into consideration, but the final outcome would
be a model with a limited number of large (assembly-size) nodal meshes, which would allow
a very fast calculation of the neutron flux and power distribution, and allow efficient depletion
calculations for the core. In order for the model to be useful, it must be prepared in such a way
that it captures as much of the neutronic behaviour of the heterogeneous model as possible. In
the cOMPoSe system, this typically involves the following steps:

1. For a given core configuration, a coarse radial (or nodal) mesh is chosen, which defines
the node sizes. This is typically done in such a way that the fuel pitch is preserved, so
that fuelled assemblies fill one node. Next, a number of axial slices are chosen along the
height of the model, attempting to limit the amount of axial heterogeneity within a slice.
This effectively divides the model into a number of two-dimensional layers stacked upon
one-another.

2. Additional nodal meshing must be developed for all loadable components separately. This
is typically the case for fuelled assemblies, or any other assemblies that either undergo
state changes (e.g. burn-up), or do not stay in a fixed position in the core. This is because,
for a fast operational support tool, we do not want to re-homogenize the entire core every
time the configuration changes. Thus, fuelled and other loadable assemblies are treated in
a more traditional fashion, by performing assembly-level lattice calculations in approxim-
ate environments (so-called coloursets). These calculations also account for burn-up and
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Figure 1.4: Schematic of the cOMPoSe procedure, for a loadable fuel assembly.

state changes. It is important to note that, since it is difficult to capture all the environ-
ments a loadable assembly would experience, this is a typical source of error for nodal
methods, and its effect must be carefully monitored.

3. Homogenized cross-sections are then calculated on the nodal mesh for each axial layer,
by performing a two-dimensional transport calculation over the entire slice. Generalized
equivalence theory (GET) is used to ensure that reaction rates and leakages are preserved
for each node. This is done for the full-core model meshed in Step 1 above as well as for
each loadable component meshed in Step 2 above.

4. Finally, all two-dimensional layers are stacked together to form a three-dimensional model
of the core and a three-dimensional model for each loadable component. Since axial
leakage is not preserved via GET, this is another potential source of error and should be
monitored.

The process is further summarized in Figure 1.4. The process is shown here for one of the
loadable components , but we go through exactly the same process for full core model. In this
tutorial of course, the full core is only a single assembly, and therefore the figure applies, in this
case, to both the full core and loadables.

During each step of the process, the system gives feedback on the errors (as compared to the
detailed heterogeneous model) incurred. Since the errors at the stages of 2D cut generation,
lattice replacement and 3D construction are now more traceable, they can be refined, so that one
ends up with a nodal diffusion model with acceptable and well quantified errors as compared to
the reference heterogeneous model.
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We now proceed in a stepwise manner, view the already completed inputs which have been
set up for this scenario, and execute them.

2.1 Getting Started: The OSCAR-5 Setup for this Scenario

In order to proceed with this tutorial, OSCAR-5 should be installed on your system (see Installa-
tion Tutorial). Furthermore, the tutorial documents, we will work through in this tutorial series,
use examples and semi-completed inputs from a number of different reactors to illustrate various
aspects of the code system. The specific input files used in this first introductory tutorial may
be found at <TutorialPath>/SINGLE_MTR_ASSEMBLY in this case for the Single Assembly
Reactor.

Within this structure you will find the sub-directories listed below, which represent the typical
OSCAR-5 workflow. Note that this list is not exhaustive, and further workflow items will be
introduced in future tutorials. In this tutorial we have:
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<TutorialPath>/SINGLE_MTR_ASSEMBLY/model – the core component models;

<TutorialPath>/SINGLE_MTR_ASSEMBLY/configurations – the heterogeneous core lay-
out;

<TutorialPath>/SINGLE_MTR_ASSEMBLY/compose – the input for generating the homo-
genized nodal model;

<TutorialPath>/SINGLE_MTR_ASSEMBLY/facility_loading – the input for loading ac-
tual core components into your model;

<TutorialPath>/SINGLE_MTR_ASSEMBLY/projects – the space for defining calculations
to be performed;

<TutorialPath>/SINGLE_MTR_ASSEMBLY/docs – the related documentation, in this case
including this tutorial.

Here <TutorialPath> is a path to your OSCAR-5 Tutorial Series – and is typically set to
~/oscar5_tutorials/, where ~ refers to your home folder.

The actual calculational codes within the OSCAR-5 system should of course be pre-installed
and their paths defined within the OSCAR-5 configuration files.

We suggest that you use PyCharm as an editor in this tutorial set, as it provides a helpful
environment for developing and running Python scripts, but you are of course free to use any
editor of your choice. If you choose another editor, note that it might not be as “Python-aware”,
and you might have to set the general Python environment for OSCAR-5 manually. This is
achieved by entering the following command in the terminal in which you are working:

> workon rapyds

The OSCAR-5 user guides will also be of great help during this tutorial. These .html guides
can be found under <OSCAR5Path>/manual.html, where <OSCAR5Path> typically refers to
~/OSCAR5/.

Keep in mind that since OSCAR-5 employs an in-house developed Python-based reactor ana-
lysis platform (called Rapyds), a large amount of the class structure and available source code
is accessible to the user and you can dig into the system to whatever depth you wish. However,
this tutorial will not address this aspect.

Tip: In the step-by-step that comes, you do not have to execute all commands (you can of course),
but at typically only perform that defined as a “Task”

2.2 Step 1: Building the Heterogeneous OSCAR-5 Fuel
Assembly Model – the Materials and Geometry

So the first step is to develop a 3D representation of a single fuel assembly, with regards to
geometry and material layout. This is done by accessing the constructive solid geometry module
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in OSCAR-5 and defining the set of required materials, cells and surfaces. Let us begin with
defining the materials.

Tip: In OSCAR-5 we generally centralise all required materials in a materials.py file inside the
model directory.

To view the current material definitions, open the following file in your editor (simply click
on it in the PyCharm project tree view):
<TutorialPath>/SINGLE_MTR_ASSEMBLY/model/materials.py
Inspect this file, and browse through the OSCAR-5 user manual and select the section on building
a material library.

You will notice that each material is actually defined by a small routine, which defines a
mixture of isotopes. More details on developing your own materials will be covered in a Tutorial
2. For now, note which materials are available in this example.

Next we inspect the geometry of the 3D representation of the fuel assembly. The intent now
is not to fully understand all input (this comes in Tutorial 2), but to introduce the approach and
basic constructs involved.

Open the file <TutorialPath>/SINGLE_MTR_ASSEMBLY/model/fuel_assembly.py.
In this file, you will notice three sections:

1. The top of the file contains a comment block, which gives some context to the modelled
component. Note that the comments are demarcated via triple quotation marks.

2. Next we have the import section of the file. Here we select which Python packages in
the OSCAR-5 system we need to use in order to build the fuel model. You will notice
here packages like fuel_assembly, which contains fuel assembly construction tools,
the units package which allows you to work directly with units of your choice and the
materials package which you browsed earlier.

3. Moving a little further down, we discover the build() routine. This routine constructs
(and returns) the fuel assembly model and is what we will be concerned with primarily in
this tutorial. This routine defines what are the important parameters in constructing plate
type fuel assembly.

4. In the first part of the build routine, a plate-type fuel macro (named PlateAssembly

in this case) is used to generate a typical plate-type fuel element in the active region. You
will notice that a number of typical design parameters for the plate-type fuel is set in this
section.

5. After the basic construction of the active region of the fuel element, a few dedicated geo-
metric regions are added to the model to allow for a simple representation of the top and
bottom adapter structures of the assembly. We will model these in much more detail in
the next tutorial, but for now this is sufficient.

6. If you look in more detail in the macro and cell construction, you will note that each
physical region (fuel plates, top adapter and bottom adapter) have all space outside of them
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filled with water (all the way to infinity). This is in tune with the typical combinatorial
geometry approach in many reactor physics codes of having components that fill all space,
which then get clipped when they are inserted in the core lattice later on. For simple
regions, where the outside space is easily definable, feel free to do this. Alternatively, see
the next point.

7. Towards the end of the build routine, you will notice a few further constructs, such as the
complete_universe function, which fills all remaining cells with water. This feature is

quite useful in cases when the geometry is somewhat complicated and constructing water
cells to fill the remainder of the space is a non-trivial task.

8. You will also see a call to a routine named construct_bundle . A bundle in OSCAR-5 is
a collection of primitives which are flagged as burnable. As you used a PlateAssembly

macro, the system knows which parts of the assembly are supposed to be burnable (but
you can override this), and thus allows the contents of these cells to be controlled by the
burnable material manager.

9. Finally, the __main__ routine at the end of the file is called when you run this script;
we will perform this shortly. This method simply calls the build() method and uses the
defined bounding box, in this case 7.71 cm×8.1 cm, for correctly scaling the visualization
of the model.

Let us look at the build routine in more detail, with the most important parts of this section
given below. This will give you a sense of how interaction with the scripting Python interface of
OSCAR-5 is typically done.

fa = core.fuel_assembly.PlateAssembly(name=’SAFARI-1-LEU-fuel’)
fa.description = ’SAFARI-1 fuel with simplified geometry’
# ===============================================
# Set some QA parameters
fa.__source__ = ’SAFARI-1 benchmark specifications’
fa.__version__ = ’1.0.0’
fa.__author__ = ’S.A. Groenewald’
# ===============================================
# set plate bundle parameters
fa.number_of_plates = 19
fa.pitches = 2.95 ⁎ units.mm + 1.275 ⁎ units.mm
# coolant gap plus plate width
fa.plate_width = 1.275 ⁎ units.mm
fa.plate_length = 66.8 ⁎ units.mm + 2 ⁎ 2.5 ⁎ units.mm
# distance between side plates + 2⁎(insert depth)
fa.plate_height = [682.9 ⁎ units.mm] + [625.48 ⁎ units.mm]⁎17 +

[682.9 ⁎ units.mm] # outer plates extend further
fa.meat_width = 0.510 ⁎ units.mm
fa.meat_length = 63.00 ⁎ units.mm
fa.meat_height = 593.7 ⁎ units.mm
fa.grid_plate_pitch = 66.8 ⁎ units.mm
fa.slot_insert_depth = 2.5 ⁎ units.mm
# slot insert depth guessed
fa.slot_insert_width = 1.275 ⁎ units.mm
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fa.box = [-0.5 ⁎ 75.9 ⁎ units.mm, 0.5 ⁎ 75.9 ⁎ units.mm,
-0.5 ⁎ 80.15 ⁎ units.mm, 0.5 ⁎ 80.15 ⁎ units.mm]

fa.axial_region = [-0.5 ⁎ 682.9 ⁎ units.mm, 0.5 ⁎ 682.9 ⁎ units.mm]
fa.clad_material=materials.al_clad()
fa.grid_material = materials.al_clad()
fa.moderator_material = material_library.moderators.H2O(mass_density=0.992 ⁎

units.g / units.cc)
fa.create_bundle_place_holder()

OSCAR-5 knows what parameters uniquely define plate-type fuel. The first entry in the
routine constructs a basic plate-type assembly object, while the remainder of the segment given
here sets the important keyword/value pairs to define the geometry and materials of the active
part of the assembly.

Note also that the assembly type is named SAFARI-1-LEU-fuel. This name will be used to
later access this component.

You will notice that dimensions are given with units, as OSCAR-5 allows integration of mul-
tiple units, and does consistency checking with regard to units when calculations are done. Fur-
ther you will notice that specifications are defined as small calculations, as opposed to giving
the final derived number. This is useful in conserving the relationship with the original source
documents of technical specifications. After browsing the file a little more, let us run the as-
sembly model, which constructs an internal mesh representation of the element and stores its
representation in an binary assembly library, with which the downstream codes will interact.

We will now run our first input script in OSCAR-5, which is the fuel assembly model input
script. You can do this inside the embedded PyCharm terminal. Be sure that you are in the
directory <TutorialPath>.

To see which options are available to you, type

> oscar5 SINGLE_MTR_ASSEMBLY.model.fuel_assembly --help

Notice that the path is demarcated via “.” and not “/”. Also note that no ".py" appears after
the filename. If your system is setup correctly, you should see that, amongst others, you have
two modes available to you:

. archive;

. visualization.

So for example, if you would want to invoke the archive mode, you can type:

> oscar5 SINGLE_MTR_ASSEMBLY.model.fuel_assembly archive

The archive mode builds the binary assembly representation (and writes it into an assembly
library file, which in this case will be SAFARI-1-LEU-fuel.asm). Various tasks are performed
during this step, such as building different meshing representations of the assembly. After com-
pletion of the archive process, some useful summary information related to the assembly build
is printed to the screen, and allows you to confirm some of the specifications you used as input.
The archive mode execution is the first task which should be performed on the constructed
assembly model, as subsequent actions will use the generated binary representation. In other
words, the visualization mode will not work if archive is not performed first.
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The visualizationmode provides a 3D interactive browser to see what you have modelled.
In order to browse the component in visualization mode with some additional interaction
features, add the command line options as:

> oscar5 SINGLE_MTR_ASSEMBLY.model.fuel_assembly visualization --interactive

Note here the use of the extra argument --interactive. This adjusts the interface for the
visualization to view that can be manipulated, and adds various toolbar functions such as saving
the current visualization to an image on disk.

Task: Build your assembly archive. Thereafter view the fuel component with
the visualization mode to confirm that the model looks correct.

If we refer back to the OSCAR-5 overview diagram (Figure ??), we are now still working
inside the Unified Model box in the top left and have completed the definition of the heterogen-
eous assembly models we need for our single assembly core.

2.3 Step 2: Build the Core Configuration

After building the required core components, the next step is to build the reactor core configur-
ation. In this case the reactor core model only contains one fuel assembly. Let us open the core
configuration file and see what data is needed for this purpose.

Open SINGLE_MTR_ASSEMBLY/configurations/single_assembly_reactor.py. For
this case the file is relatively simple as given in the extract below (note that this extract contains
only a selected subset of the full file for explanatory purposes):

from ..model import assemblies
from applications.configuration import ⁎
from core import ⁎

model.inventory_manager.inventory = utilities.path_relative_to(__file__, ’
../SINGLE_MTR_ASSEMBLY_inventory’)

model.inventory_manager.model_path = utilities.path_relative_to(__file__, ’
../model’)

model.facility_manager = utilities.path_relative_to(__file__, ’../
SINGLE_MTR_ASSEMBLY_facility’)

# create an assembly instance and populate the load map and the core map
fa = model.inventory_manager.add_loadable_assembly(assemblies.

SAFARI_1_LEU_fuel)
# place holder _p indicates that a movable component will be placed in this

slot
model.core_map = \

[[’0’, ’1’],
[’A’, _p]]

# load assembly into core
model.load_map = \

[[’0’, ’1’],
[’A’, fa]]

model.core_pitches = (7.71 ⁎ units.cm, 8.1 ⁎ units.cm)
model.boundary_condition = boundary_conditions.reflective()
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As you can see, here we define the various core parameters. The first task is to import the
fuel assembly model which was built in the previous step. This is accomplished by import-
ing the assemblies library ( from ..model import assemblies ) from the model package.
You will recall that you only built the fuel assembly model, and never explicitly created an
assemblies library. This task is performed automatically whenever you access any of your

components in the model directory, and adds all .asm files to a object called assemblies for
convenient access. This object is automatically updated whenever a component type is added or
changed.

Back to the core configuration input file. You will see that the file sets various data attributes
of a model object. This object refers to your default core model and is instantiated for you
as a blank core by default. The first few actions on this model object is to set the inventory
path as well as the facility loading path. The names for these databases are free to choose. The
inventory path points to your burnable inventory database, which keeps track of the evolution
of burnup and number densities per assembly. The facility loading database keeps track of your
facilities (such as core, vault, pool, storage racks) and stores the location of components in these
facilities at given times. Note the relative path specification for both these databases, which
means they will be placed one level above your configuration input file, hence in the top level of
the SINGLE_MTR_ASSEMBLY folder.

Next the core type map is defined. This core map normally places assembly types which
are not loadable in core positions, and denotes loadable positions with a place-holder ( _p ). In
this case, we only have a single core position, which is loadable, so this map only contains a
place-holder. Note that row ( ’A’ ) and column names ( [’0’, ’1’] ) are also assigned. Next
we then declare a load map and load our fuel assembly (of type SAFARI_1_LEU_fuel ) from
the assembly library. Other information such as core pitches and boundary conditions are also
defined.

The visualization mode is available to see what you have modelled on the core configur-
ation level. In order to browse the component in visualization mode with some additional
interaction features, add the command line options as:

> oscar5 SINGLE_MTR_ASSEMBLY.configurations.single_assembly_reactor \
visualization --interactive

We are now done with the definition of our core model, and have completed all the core
geometry and material definition. Again with reference to the OSCAR-5 overview diagram in
Figure ??, we are now ready to move out of the Unified Model box, both to the right in creating
code-specific model input, and downward, to generate application-specific input.

Task: Visualise the core configuration, using the interactive visualization op-
tion. Rotate the core in the view and save an image of the core to a file
using the toolbar options in the visualisation component.

2.4 Step 3: Loading the Facility with an element

The core configuration which was defined in the previous step describes the core model largely
outside of any real time and history. It represents one of the base core states which are available
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to us for loading, tracking and analysis of the facility. Before performing an actual core calcu-
lation, we have to initiate the core inventory with actual content, and then load the facility at a
given time with physical elements. To accomplish this, we use the facility loading application.

Open the file: SINGLE_MTR_ASSEMBLY/facility_loading/cycle_1.py. We inspect
the most important parts of the file:

""" Core loading for Cycle_1 """

from applications.facility_management import ⁎
from core import ⁎
from ..configurations.single_assembly_reactor import model, assemblies

parameters.time = ’01/01/2018 06:00:00’
parameters.model = model
# create loading
loading = parameters.create_loading(tag=tags.actual)

# Declare type of importer for new fuel element
fresh_fuel = FreshImporter()
fresh_fuel.axial_layers = 8

# Define the fresh assembly(ies) loaded
fuel = parameters.add_batch(assemblies.SAFARI_1_LEU_fuel, importer=

fresh_fuel)
fuel.add(’EF001L’, heavy_metal_mass=1722.03 ⁎ units.g)
loading.core_load_map = \

[[’0’, ’1’],
[’A’, ’EF001L’]]

As you can see from the top of this file, we import our previous defined core configuration and
assembly library. A number of parameters are then set. This parameters object is common to
all applications in OSCAR-5 and allows us to define relevant options and inputs before executing
an application. In this case, we specify model of interest, and then define a specified timestamp
for the loading.

We then create a loading , and assign the actual tag to it. This tells the system that this is
not some design or candidate core loading, but forms part of the actual history and placement of
an element in the given facility. You may have many loadings of many types (tags) at the same
time in a certain facility, but only a single actual timeline may exist.

Now we create the new fuel element EF001L. This is accomplished by firstly defining a type
of importer (in this case a fresh importer), which tells the system which initial number densities
to assign to the assembly. We also define the number of axial burn-up layers which should be
tracked during depletion of this component. Other importer types exist in the system if you want
to initiate a particular element with a predefined burn-up distribution.

We create a batch of the appropriate type (this is the fuel element type you created earlier
– SAFARI_1_LEU_fuel), and then create a specific element with a given heavy metal mass.
Finally, the newly created element is loaded into the core at the specified location. To perform
such a loading, you would execute the application as follows:

> oscar5 SINGLE_MTR_ASSEMBLY.facility_loading.cycle_1 execute
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This action will update your inventory (folder named ../SINGLE_MTR_ASSEMBLY_inventory),
defined in your core_configuration (in the configurations directory), and create your facility
loading database (file named ../SINGLE_MTR_ASSEMBLY_facility ) with the defined core
state of the configuration at the given timestamp. The visualization mode is also available
for the loaded core.

Task: Populate your core configuration with an actual core loading of ele-
ment EF001L at 01/01/2018 06:00:00 and save this to the facility load-
ing database.

2.5 Step 4: Performing a Monte Carlo Flux Calculation

The next step would be to perform your first calculation with the model you have built. Remem-
ber once again that OSCAR-5 input is code-independent, and as such you will define the flux
calculation (or power calculation) in the same manner.

Open the file: SINGLE_MTR_ASSEMBLY/projects/flux_calculation.py. We inspect
the most important parts of the file:
from applications.critical_case import ⁎
from ..configurations.single_assembly_reactor import model
parameters.project_name = ’plate_powers’
parameters.time_stamp = ’01/01/2018 06:00:00’
parameters.description = ’Plate power of an infinite lattice assembly model’
parameters.working_directory = core.utilities.path_relative_to(__file__, ’

SINGLE_ASSEMBLY’)
parameters.model = model
parameters.model.fueled_primitive_powers = (6, 8)
parameters.power_maps = True
parameters.power = 689655.0 ⁎ units.W

The file is relatively simple. We import the core model that was developed in the previ-
ous steps. The start time is defined which allows the facility loading and assembly inventory
to be populated. We set some basic parameters, and, in particular, define the parameters ne-
cessary to generate not only reactivity but a detailed intra-assembly power distribution. Note
the mesh passed to the fuel_primitive_powers as (6,8). This indicates to the code that
each fuel plate must be divided into 6 radial and 8 axial meshes when calculating the intra-
assembly power distribution. We also set the target directory for generating and running input
to SINGLE_ASSEMBLY, which will automatically be placed under the projects sub-directory.
Created file names will use the project name as main tag.

First let us investigate options available to us. To see some options, you could execute the
command:
> oscar5 SINGLE_MTR_ASSEMBLY.projects.flux_calculation --help

You will note that, as for most of the modes in OSCAR-5, we have options: pre, execute,
post, visualization. If, for example, you would like to view the full-core model at this
point, simply run:
> oscar5 SINGLE_MTR_ASSEMBLY.projects.flux_calculation \
visualization --interactive
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Of course in this case you will again only see the fuel assembly, as it is the only component in
the core.

Let us firstly generate (and not yet run) the Serpent input file and just have a look at it. To do
that, execute the command:

> oscar5 SINGLE_MTR_ASSEMBLY.projects.flux_calculation \
--target-mode SERPENT --config-file buttercup.cfg pre

The use of --config-file buttercup.cfg is setup dependent, and your tutorial facilit-
ator should update you on the configuration suitable for your computing environment. You can
now open the generated SERPENT input and view it. It can be found at:
SINGLE_MTR_ASSEMBLY/projects/SINGLE_ASSEMBLY/SERPENT/plate_powers.i
If you wish, you can repeat this exercise with MCNP also via:

> oscar5 SINGLE_MTR_ASSEMBLY.projects.flux_calculation \
--target-mode MCNP --config-file buttercup.cfg pre

Once again you can open the generated MCNP input and view it. It can be found at:
SINGLE_MTR_ASSEMBLY/projects/SINGLE_ASSEMBLY/MCNP/plate_powers.i.

We could proceed to execute the Serpent calculation. You could enter the following com-
mand, which will deploy the calculation to the buttercup calculational cluster (its parameters are
defined in the associated buttercup.cfg file). In this case you can perform this calculation
is appropriate calculational resources are available to you, otherwise we have stored the result
of the calculation for you already, and you can simply move on. To execute the calculation, the
command would be:

> oscar5 SINGLE_MTR_ASSEMBLY.projects.flux_calculation \
--target-mode SERPENT --config-file buttercup.cfg execute

The calculation is now running in the background. It will run for a little while, although the
run parameters have been set to a relatively manageable level for this exercise (these you could
also see in the project input file.

You can check the status of the running job by passing the --status flag:

> oscar5 SINGLE_MTR_ASSEMBLY.projects.flux_calculation \
--target-mode SERPENT --config-file buttercup.cfg execute --status

Some further flags of interest include:
--peek – dumping the on-screen display from the run,
--kill – kill the job, and
--force – make sure the input file is rewritten and the job is performed even if the output

already exists.
After the run is complete, you can visually browse the result, by running the post mode.

You can add the optional --show line argument to invoke a graphical browser for the results.
Execute the command:

> oscar5 SINGLE_MTR_ASSEMBLY.projects.flux_calculation \
--target-mode SERPENT --config-file buttercup.cfg post --show
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Task: Using the post --show option of the generator mode, find the
maximum peaking position in the assembly and note maximum peak-
ing factor. You can graphically browse the GUI for the value. Note that
x,y and z slices in the GUI slice selectors marked with an “*” indicate
the slice with the maximum peaking value.

2.6 Step 5: The nodal model – Develop Core and Loadable
Component Cross-Sections

Next we would like to repeat this calculation with the fast nodal solver. In order to do so, how-
ever, we need to construct a nodal model which is consistent with the heterogeneous OSCAR-5
model. This is typically a once-off process for a reactor, but since we are busy with our own
simplified reactor here, let us go through the process of constructing it. The aim is to concep-
tually develop a grid-like overlay for the heterogeneous reactor core and define homogenized
parameters in each grid position. An example of such a grid, as super-imposed on a full reactor
model, is depicted in Figure 2.1.

Figure 2.1: Example of nodalisation for a full MTR reactor model.

From the figure you can see that a series of 2D slices are stacked on top of one-another to
form a full grid. We will do the same for our simple single assembly reactor.

2.6.1 Building the full-core nodalisation

As described briefly in the previous section, the building of the nodal model is accomplished in
two major steps:
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. The first one is the development of the basic building blocks of the full-core model for all
non-loadable (or fixed reflector-type) positions.

. Secondly we will add to this additional building blocks for all loadable or moveable com-
ponents.

Both of these steps will result in sets of of homogenized cross-sections for both the full reactor
model and for each loadable component type.

The subsystem within OSCAR-5 used to generate nodal models is named cOMPoSe. There
are many levels at which you can interact with the cOMPoSe subsystem. In this tutorial, we will
look at the simplest level of interaction which largely automates the construction of the nodal
model for you. In later tutorials we will introduce some of the ways in which you can interact
with cOMPoSe in a more advanced manner. You will, of course, still have to supply the system
with a minimal set of information to set up the nodal model. You will have to:

1. Select a “primary” core configuration for which you want to generate a nodal model.

2. Define the radial and axial meshing on which the nodal cross-section generation should
take place. This will be accomplished by specifying a 2D radial mesh to define homogen-
ized core components, and 1D axial mesh to define axial cuts.

3. Specify the parameters that define the reactor states at which homogenized cross-sections
should be generated for non-loadable components, as well as boundary conditions.

4. Build / Select a mini-core configuration for loadable components. These would typically
place the loadable component into a representative heterogeneous environment, some-
times referred to as colourset models. This may be as simple as placing a fuel element in
an infinite lattice of itself and taking cuts of that model. Remember that loadable com-
ponents need to be modelled in a representative environment precisely because they will
be moved around the core from cycle to cycle, and thus their placement in a given core
might not be the ideal representative state.

5. Specify the additional parameters necessary to generate the loadable component homo-
genized cross-sections as a function of the reactor state. This means that the loadable
component will be calculated at various burn-up levels, temperature and density condi-
tions, since it will experience all of these when later used in the full-core model. A
function, which is usually continuous, is fit through these discrete data points to allow
cross-sections to be retrieved at other core states in the nodal solver.

6. Combine cross-sections from Steps 1 to 4, deploy as a nodal core configuration and write
all the homogenized cross-sections to a full core library. Each homogenized zone, as
defined by the radial and axial meshes, will correspond to a unique cross-section set in the
library.

Tip: Remember, a good choice for an axial core cut is one which exhibits only minor axial inhomo-
geneity over its height.
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In our simplified reactor, we have only a single loadable fuel assembly with its own top and
bottom structures. Hence point (1) and point (2) will turn out to be identical calculations in
this tutorial, although they still represent two distinct conceptually different steps. We will learn
more about how to handle the nodal model building for more realistic cases it in the next tutorial.

To see how the meshing is done with cOMPoSe, let us open the input file responsible for
defining the nodalisation of both the core and the loadable fuel component, located at
<TutorialPath>/SINGLE_MTR_ASSEMBLY/compose/single_mtr_reactor.py.
Remember that we will now use the AutoCompose feature here, which will preset many of the
options for you. This file once again has a series of basic definitions at the top (imports mostly).
We highlight below only the most important import statement and the first part of the file
which defines the full core nodalisation:
from ..configurations.single_assembly_reactor import model

parameters = AutoCompose()
parameters.working_directory = core.utilities.path_relative_to(__file__,’

CORE’)
parameters.heterogeneous_model = model
parameters.homogenization_grid = \
[[’0’ ,’1’],
[’A’ , 1]]

parameters.homogenization_grid_pitches = [[7.71 ⁎ units.cm], [8.1 ⁎ units.cm
]]

parameters.homogenization_axial_mesh = \
[[’TO’ , 10 ⁎ units.cm],
[’TI’ , 10 ⁎ units.cm],
[’ACT’, 59.37 ⁎ units.cm],
[’BI’ , 10 ⁎ units.cm],
[’BO’ , 10 ⁎ units.cm]]

parameters.axial_mesh_bottom = (-59.37 / 2 - 20) ⁎ units.cm
parameters.set_state(fuel_temperature = 60 ⁎ units.degC,

moderator_density=LightWater.density_at(40 ⁎ units.degC
,1.8 ⁎ units.bars),

moderator_temperature=40 ⁎ units.degC
)

parameters.setBoundaryCondition(boundary_conditions.reflective)
parameters.build_compose_model()

After importing the necessary objects, the core model can be constructed. We start by instan-
tiating an AutoCompose application class and naming the object parameters , then set some
data for it. The name parameters is just a local variable name used in this script - you could
have called it anything you wish, as long as you consistently update the rest of the script. We
typically use parameters for application scripts, since we have to set a number of parameters
to define what the script will do. In the above script we:

. Set the heterogeneous model as the core configuration (imported at the top), which we
built in the previous step.

. Define the working directory, where all input files for external codes will be written. This
directory is defined here adjacent to the placement of the input, but under a directory
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called CORE. The name CORE will also be used as the dedicated name for the full-core
nodal model later on.

. Set the labelled grid and its associated grid sizes to define the radial homogenization mesh.
Entries in the homogenization_grid reflect the placement of loadable components.
Non-loadable reflectors are denoted as 0, while a non-zero number indicates a type of
loadable component. In this case the core contains only a single loadable fuel assembly,
so we fill in the grid with a 1. If not specified, it is assumed that the radial homogenization
grid is centred at the heterogeneous model centre.

. Moving on to the axial mesh structure, define the axial meshing from top to bottom by a
series of 2D axial cuts, each with a name, and a size in the homogenization_axial_mesh
variable. In this example the, for those with some programming background, is defined as
array over the axial height, with each entry in the array given as another array of cut name
and size.

. Thereafter we place this axial mesh over the model at the appropriate place by setting
the axial_mesh_bottom. In this case we have 5 cuts, starting at the absolute position
20 cm below the active core. Remember that the coordinate origin is at the heterogeneous
model origin, and unless you chose to override it, it will be in the radial and axial centre
of the core. Hence, in this case z = 0 would be the axial centreline of the fuel element.
You could, of course, have chosen to model a number of cuts over the active height.
You would do this if there was a notable axial substructure over the active height of the
model. Nevertheless, in this case you have a single active cut (called ACT) and four so-
called reflector cuts. The system will determine which type of cut to use automatically.
However, you should be aware that reflector cuts are a little special, because you cannot
calculate the cut in isolation (with reflective boundary conditions) as you do with active
cuts, since then there would be no source of neutrons in the 2D reflector slice. In these
cases, the full model is still calculated and used as a driver in order to provide a source of
neutrons with the correct neutron spectrum. This then results in a 3D transport calculation
as opposed to the 2D transport calculations for active cuts. General Equivalence Theory is
not fully applicable to 3D lattice calculations, and thus axial reflector regions will typically
not make use of discontinuity factors. This will introduce further differences between
the 3D nodal diffusion solution and 3D heterogeneous transport solution, and should be
monitored.

. Finally you see that we have set the nominal core state to a typical operating hot state in
terms of fuel and moderator conditions, defined the core with reflective boundary condi-
tions, and then requested that the compose model is built via the build_compose_model()

call.

You can generate the nodalisation visualization yourself to see the cuts that you defined:
> oscar5 SINGLE_MTR_ASSEMBLY.compose.single_mtr_assembly CORE visualization

Note here that we choose to visualize the CORE (as defined in your working directory). The
reason for having to specify this will soon become evident as we introduce additional loadable
components into the script.
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After defining the meshing, and setting a few more parameters, the system allows various
actions:

We can do the following:

1. Use the generator mode to calculate these cuts and produce all associated parameters
needed to later generate sets of homogenized cross-sections. For this step we will use
Serpent.

2. Use the equivalence mode to post-process the generator mode output and generate
cross-sections for a 2D nodal core model (for the cut of interest), and compare the results
to the 2D Serpent results.

3. Use the reconf mode to introduce cross-sections for loadable components in representat-
ive environments into the core and determine the accuracy of the approximation of mixing
cross-section sets (this one will be covered in the next tutorial).

4. Use the library mode to generate code specific cross-section files for each homogeniz-
ation zone, and fit a continuous function through the state points.

5. Use the deploy mode to generate and save the final nodal configuration.

6. Use the test mode to perform final 3D testing of the nodal model.

Back to our simple reactor. In order to capture material changes and spectrum effects through
the assembly, we define five cuts over the height. One over the active height, two covering the
top reflector region, and two covering the bottom reflector region (see Figure 2.2).

Figure 2.2: Nodalisation of the fuel assembly

Task: Visualize the CORE nodalisation and confirm that the nodal meshing
is placed as you expect

2.6.2 Generating and testing 2D cross-sections

Once the cuts are defined, you need to start the process of creating the required set of homogen-
ized cross-sections. The first step is to perform the Serpent calculation to generate the correct
tallies from which cross-sections will be extracted. Using the ACT cut as an example, you would
typically invoke the generator mode to perform the Serpent calculation via:
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> oscar5 SINGLE_MTR_ASSEMBLY.compose.single_mtr_assembly CORE ACT \
generator --config-file buttercup.cfg --target-mode SERPENT execute --

threads 20 --force

This instructs the generator mode to execute a 2D calculation for the active slice from the
full-core model. You will note that we choose to use 20 threads here, and add the argument
--force to make sure the calculation is repeated and the input file is regenerated, even it if was
calculated before. Note that you still have the additional thread control options here as before,
such as --peek and --status to see the progress of the calculation. In the next section we
will look at how this is done for a loadable assembly in a different colourset environment.

Note that many automation options exist which are not explicitly covered here. For example,
the generator mode could also be called without specifying a cut name, in which case all cuts
defined in this model would be launched and placed in the server calculational queue. Since
these calculations take a little while, we have prepared the output from these runs already, and
placed the Serpent result files in the appropriate directory.

It still remains to post-process the results and to check the convergence of appropriate quant-
ities. This is done, for the ACT cut specifically via:

> oscar5 SINGLE_MTR_ASSEMBLY.compose.single_mtr_assembly CORE ACT \
generator --config-file buttercup.cfg --target-mode SERPENT post --show

This action should yield an image such as Figure 2.3. This kind of image shows:

. A square coloured to show the maximum Monte Carlo error of any nodal cross-section
calculated.

. A centered text entry showing the quality of a balance check between sources and sinks
in the node (ratio printed).

. A large circle on every bounding surface showing the level of convergence in nodal cur-
rents (needed for calculating discontinuity factors).

. A small circle on every bounding surface showing the level of convergence in nodal fluxes
(needed for calculating discontinuity factors).
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Figure 2.3: Summary of generator mode errors

Here we have to make an important point regarding this, and most of the other, tutorials. The
post mode reads the Serpent output file, and generates a binary representation of the required
data (file with extension .res). We did not add all the Serpent output files to your tutorial
sets, as they take a large amount of disk space. We therefore only added the .res files to your
tutorials, and therefore you cannot technically perform the post processing. However, as the
system will notice that the .res is there and allow you perform the post --show commands.
However, if you would add the --force flag to the post processing command, you should
expect an error, as the system would not be able to find the Serpent output file in your tutorial
set.

Once again, the post mode has an option to post process all cuts which were calculated. This
would be accomplished via the update mode, by:

> oscar5 SINGLE_MTR_ASSEMBLY.compose.single_mtr_assembly CORE \
update --config-file buttercup.cfg --target-mode SERPENT

Task: Using the post --show option, make sure that the Monte Carlo cal-
culations achieved sufficient convergence for quantities such as node-
averaged cross-sections, side-averaged fluxes and currents as well as
nodal balance for the ACT cut. After the graphical output is generated,
activate the legend and scroll through the results. What level of accur-
acy would you consider to be sufficient here?

A final important check regarding the cross-sections is now to pass them to the nodal solver
and confirm that equivalence between the heterogeneous calculation and nodal solution is main-
tained. To run the nodal solver for the cut under consideration, and confirm equivalence with
regards to reactivity and flux/power distributions, you can call (this of course can only be done
for active cuts, as reflector cuts have no sources):

> oscar5 SINGLE_MTR_ASSEMBLY.compose.single_mtr_assembly CORE ACT \
equivalence --errormap
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Task: Perform an equivalence test for the active cut and note the errors in
reactivity and fluxes. To what can you attribute these differences?

2.6.3 Adding a loadable component to the core model

Thus far we have constructed the full-core nodalisation, which was only a single assembly.
The next step would be to add the loadable components. In this simple case, the only core
position is in fact defined as a loadable component (remember the number 1) placed in the
homogenization_grid parameter. We now have to define what component and associated
homogenization scheme should be applied to loadable component 1. The nodalisation of each
loadable component may be done completely independently from the way that the core model
was homogenized. You are encouraged to think about the nodalisation of each loadable com-
ponent on its own. It might very well be that the nodal layer composition of the assembly is the
same as that of the core, but this must be decided on a case-by-case basis.

To build the loadable component, we extend the above script with a block of additional
parameters to define the loadable component homogenization. See below the extract from
single_mtr_reactor.py of loadable component input:

inf_fuel = parameters.create_loadable()
inf_fuel.working_directory = utilities.path_relative_to(__file__,’INF_FUEL’)
inf_fuel.colourset_type = InfiniteLattice
inf_fuel.grid_id = 1
inf_fuel.assembly_type = assembly.fueled
inf_fuel.burn_meshes = 8
.....
parameters.build_compose_model()

In the above extract:

. We first instantiate a loadable component from the parent parameter class (the call
to create_loadable() ). By default, this will allow the loadable component to in-
herit the relevant parameters from the full-core we defined before. The axial meshing
scheme and cut definitions, for example, are taken from the parent as a default, but
you may decide to override this by re-specifying the axial mesh parameter (thus define
inf_fuel.homogenization_axial_mesh here). In this case we choose to simply let

this be inherited from the core model.

. We again define a working directory, so that calculations for this loadable component will
be stored in a dedicated space (in this case then INF_FUEL directory under the compose
sub-directory).

. We have to choose an environment for the assembly that is representative of the environ-
ments it will encounter in the core, as this loadable component will typically be moved to
various core positions and its homogenized cross-sections should remain relevant. In this
case we choose the InfiniteLattice option, which calculates homogenization para-
meters for this component in an infinite lattice of itself (reflective boundary conditions).
Other options are also possible and will be explored in future tutorials.
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. We also define to which loadable grid identifier (in this case 1) this assembly is assigned.
The grid id refers to entries in your core homogenization grid you defined before in
parameters.homogenization_grid . This is an important parameter as both the het-

erogeneous component model and grid pitches are then automatically extracted from the
relevant grid position.

. Finally, we defined the assembly type that should be assigned to this loadable component,
and choose into how many burnable regions you would like to subdivide the active section
of the loadable component.

You could stop at this point and be done with the model. With this subset of the input we could
for instance choose to visualise the loadable component via:

> oscar5 SINGLE_MTR_ASSEMBLY.compose.single_mtr_assembly INF_FUEL \
visualization

Notice here that we selected the INF_FUEL model to visualize, as opposed to the previous
case where we applied this command to the CORE model.

We could also launch the calculation for all cuts in the loadable component via

> oscar5 SINGLE_MTR_ASSEMBLY.compose.single_mtr_assembly INF_FUEL \
generator --config-file buttercup.cfg --target-mode SERPENT --threads 20

Notice that the generator mode call here is a little different to one before, as we did not specify
a specific cut, but chose to let the generator mode calculate all cuts and send their jobs to the
server. When complete, we could also auto-post-process all of them via:

> oscar5 SINGLE_MTR_ASSEMBLY.compose.single_mtr_assembly INF_FUEL \
update --config-file buttercup.cfg --target-mode SERPENT

Tip: Whenever repeating calculations that might have been called before, it is often better to add the
--force flag to the end of the command, to ensure all old files are overwritten.

This would, however, spawn calculations for all cuts simultaneously, and the matter of re-
source allocation should be taken into consideration.

If we stopped here, the loadable component would only have cross-sections at a single snap-
shot, fresh, hot state (if not respecified, the nominal condition for the loadable component is
inherited from the core model). We need more, and should additionally:

. Specify the possible depletion states of the assembly, by burning it at a typical power and
storing cross-sections and number densities as a function of burn-up for later use in the
core model.

. Specify possible variations in other state conditions (such as fuel temperature, moderator
temperature and moderator density) which we expect the loadable component to encounter
in the core when used.

We have two options in specifying this additional data:
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. Import an existing lattice calculational output file from one of the lattice codes coupled to
OSCAR-5. You would use this approach when you prefer to set up the lattice calculation
by hand and have more control of advanced usage options. In this case you would simply
import the lattice output file here and it would contain the burn-up and state dependent
cross-sections already calculated. To do this, you would add the following line to your
input script:

inf_fuel.external_lattice = utilities.path_relative_to(__file__, ’../model/
lattice/heade/output/FUEL_LEU.HED’)

. Alternatively, and what we will do in this tutorial, you could generate the lattice para-
meters for the assembly from this script. This is achieved by specifying a few additional
parameters in your input file, and is discussed in the next section.

Task: Visualize the nodalisation for the loadable INF_FUEL model

2.6.4 Introducing a lattice cut into the loadable component

As stated above, the input script up to this point will only generate cross-sections for the initial
fresh state of the assembly at nominal operating conditions (actually a single set of macroscopic
cross-sections per cut). In practical reactor calculations, there are some special requirements
for the fuel component cross-sections, as this set of cross-sections should have (as typically
calculated by lattice codes):

. Fuel cross-sections (in this case the INF-ACT cut) should be generated as a function of
state parameters such as burn-up, fuel temperature, moderator temperature and moderator
density, so that the core solver can later recover cross-sections for all state conditions of
the assembly, as they are encountered. Lattice codes allow for depletion of the cut of
interest, as well as variation in other state conditions.

. Modern nodal solvers use a microscopic depletion model, meaning that they use primarily
microscopic cross-sections from the lattice code (as opposed to macroscopic), and also
perform depletion themselves. This is done since the assembly might find itself in a en-
vironment quite different from that in which the cross-sections where generated, and so it
is more accurate to deplete in the core environment.

Since we choose not to import this additional information from an external lattice calculation,
we add some input to the script in order to generate the necessary lattice parameters directly
with Serpent.

We will therefore look at some additional cards in the cOMPoSe input for the loadable com-
ponent, which deals with this data. Consider the following extract from the file:
<TutorialPath>/SINGLE_MTR_ASSEMBLY/compose/single_mtr_assembly.py,
that was opened in the previous section:
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# Add lattice data to active cuts
inf_fuel.lattice_calculation = True
inf_fuel.pin_cell_mesh = [
[sum([5.150000E-01, 1.900000E-01])] + [1.005000E+00]⁎6 + [sum([5.150000E-01,

1.900000E-01])],
[4.587500E-01] + [4.225000E-01] ⁎ 17 + [4.587500E-01] ]
inf_fuel.burn_primitives_in_bundle = AllSeparate
inf_fuel.burn_regions_per_primitive = 6
inf_fuel.burn_steps = \
[0.5,
1.0,
3.0,
5.0,
10.0]

inf_fuel.state_variation = \
[[state.fuel_temperature , 60, -30],
[state.moderator_temperature , 20],
[state.moderator_density , -0.193]]

This extract of input sets a few important options:

1. This input will generate an additional axial cut for each active cut in the loadable com-
ponent, and prepends the letters LAT- to its name. Thus in this case the new cut created
is named LAT-ACT as a special type of cut – a lattice cut. This is as opposed to the ACT
cut you defined before, which only extracted a “snapshot” single state cross-section for
the material. Now we will burn the material and vary its state to generate multiple sets
of cross-section data. We do this to allow the future nodal diffusion calculation to have
access to possible states which the assembly might experience.

2. An overlay pin-cell-mesh is specified as an x-array and then a y-array over the radial
dimensions of the fuel plate. This pin-cell mesh is defined for later calculation of intra-
assembly power distributions on this mesh, and should relate to the "piece-of-plate" size
on which power peaking should be calculated.

3. The burn-up mesh over the assembly is defined as burning each plate separately (keyword
AllSeparate ), with 6 equidistant radial meshes over the fuel plate length.

4. The set of isotopes for microscopic depletion is not explicitly defined here, and thus de-
faults to a typical set of about 40 isotopes. This can of course be redefined if you wish.

5. The set of burn-up steps (only 5 in this case) are defined and nominal state conditions are
inherited from the core model, since we did not call the set_state routine again for the
inf_fuel component.

6. The set of perturbed state parameters are defined, with deltas of +60°C degrees and
−30°C around nominal for fuel temperature, +20°C around nominal for moderator tem-
perature and −0.193 g/cm3 from nominal for moderator density.

Running the cases for the various states of the LAT-ACT cut is done via the following steps:
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1. Firstly, we perform the base depletion of the cut. Currently this will burn the assembly
at nominal conditions, but you have the flexibility to have many burn lines if you wish,
depending on the nature of the data required by the down-stream fitting codes. The default
burn line is called main and we do this via:
> oscar5 SINGLE_MTR_ASSEMBLY.compose.single_mtr_assembly \
INF_FUEL LAT-ACT generator main burn --target-mode SERPENT \
--config-file buttercup.cfg execute --threads 20

Hereafter (after the run is complete), the result should be post-processed via:
> oscar5 SINGLE_MTR_ASSEMBLY.compose.single_mtr_assembly \
INF_FUEL LAT-ACT generator main burn --target-mode SERPENT \
--config-file buttercup.cfg post

You can graphically inspect the outcome of the burn line calculation, showing you the
evolution of reactivity and number densities during the lattice calculation burn line.
> oscar5 SINGLE_MTR_ASSEMBLY.compose.single_mtr_assembly \
INF_FUEL LAT-ACT generator main burn post --show

2. Secondly, we have to perform the off-base calculations per burn-step. Although you can
choose to launch them at individual burn-up steps, you can also perform all of them at
once via:
> oscar5 SINGLE_MTR_ASSEMBLY.compose.single_mtr_assembly \
INF_FUEL LAT-ACT generator main homogenization main \
--target-mode SERPENT --config-file buttercup.cfg execute

after which the results have to be post-processed again via:
> oscar5 SINGLE_MTR_ASSEMBLY.compose.single_mtr_assembly \
INF_FUEL LAT-ACT generator main homogenization main \
--target-mode SERPENT --config-file buttercup.cfg post

Notice that the homogenization case was also called main. Multiple homogenization branches
are also allowed, which is typically utilized for material off-bases. For example, all state per-
turbations are required for both the rodded and unrodded state of a intra-assembly control rod.
Such examples will be discussed in later tutorials.

Tip: You do not have to perform off-bases at each burn-up step, but select a smaller subset which
will still allow a good fit over the lattice data. This is, however, more advanced usage.

Of course we can also perform an equivalence test for the new LAT-ACT cut, by running:
> oscar5 SINGLE_MTR_ASSEMBLY.compose.single_mtr_assembly \
INF_FUEL LAT-ACT equivalence --errormap

Task: Use the post --show option of the generator mode to visualize the
results of the lattice depletion calculation. Can you explain the react-
ivity trend that you are seeing? What about the evolution of isotopes
such as U-235 and Xe-135?
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2.6.5 Summary of the AutoCompose generator features

So in summary, you typically would perform these calculations in the following order:

1. Run and post-process all cuts for the full-core compose model.

2. Run and post-process all cuts for the each loadable component.

3. Run and post-process the burn and off-base cases for all lattice cuts.

Task: Perform an equivalence test for the LAT-ACT cut and note the errors in
reactivity and fluxes as compared to the ACT cut. Note this error down
for future reference.

The AutoCompose approach to building the nodal model automates a number of things for
you. Of course this is useful for typical applications, but there are many more advanced features
for customizing the nodal model, and specifically for building the homogenized representation
of the core and loadable components in much more ad-hoc ways. In order to see what more
advanced usage or interaction with the cOMPoSe sub-system would look like, without the use
of AutoCompose , you can browse the following files in the compose subdirectory:

. single_assembly_core.py which gives a more detailed compose input file which as-
sumes a little more knowledge of the cOMPoSe application itself, for the full-core model.

. fuel_assembly.py similarly gives a more advanced cOMPoSe input file for the load-
able fuel element component.

Do not be too concerned to understand these input files now, as we will cover some of their uses
in the upcoming tutorials. It is generally suggested that you combine approaches – thus allow
AutoCompose to build the base model for you, and then add advanced options as you deem

necessary.

2.6.6 Using the library mode

The final action for each cut is to write-out the homogenized cross-sections into so-called HED
files (which is the data carrier for few-group homogenized cross-sections), and then to run the
POLX code on each HED file. POLX essentially performs a polynomial fit through lattice data.
This assists in generating a continuous representation of the originally discreet set of cross-
sections you have generated (at fixed burn-ups and off-base conditions). The nodal diffusion
solver would then be able to query this representation for any state the assembly finds itself in
during the full core analysis.

To do this for all the cross-section sets in your model, execute first for the core model:

> oscar5 SINGLE_MTR_ASSEMBLY.compose.single_mtr_assembly \
CORE library --force

and then for the each loadable:

> oscar5 SINGLE_MTR_ASSEMBLY.compose.single_mtr_assembly \
INF_FUEL library --force
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and finally do this for the explicit lattice cuts in your loadables:

> oscar5 SINGLE_MTR_ASSEMBLY.compose.single_mtr_assembly \
INF_FUEL LAT-ACT library --force

The --force argument simply reruns POLX even if the output files already exist. You can
also run the library mode for each cut separately.

Task: Run the library mode for all required cuts defined in step 2.6.2. Do this
for the CORE (full core compose model) and the INF_FUEL (loadable)
parts of the model.

2.6.7 Deploying the full nodal model

The final step in creating your homogenized model is saving your nodal configuration and gen-
erating a single homogenized cross-section library. This is achieved by using the deploy mode.
This steps saves the nodal structure of all components back to their assembly archives (the rel-
evant ASM files), and writes up a so-called LNX file, which holds the nodal cross-sections for
homogenized materials, to later be read by the nodal solver. You only need to deploy the full
core (CORE) model, as it is aware of its loadable constituents. To deploy the model execute:

> oscar5 SINGLE_MTR_ASSEMBLY.compose.single_mtr_assembly CORE deploy

Task: Deploy the nodal model in order to create a LNX file combining all
your homogenized mixtures. Confirm after the deployment that the
LNX file now exists in your model directory

2.6.8 Testing the nodal model

We are now ready to test the nodal model. You will see that a basic critical flux test case was
defined at the end of the cOMPoSe script. To do this test, we should perform three steps:

1. Perform the reference 3D Serpent calculation (referred to as reference calculation).

2. Perform the 3D nodal calculation (referred to as simulator test).

3. Compare the results.

To perform these tasks, we will now make life a little difficult for you, and suggest that you dis-
cover for yourself how to invoke these commands. In this regard the built-in help system is very
useful, as you can type any partial command, followed by --help, and your next logical options
will be presented to you. Notice that a series of automated test cases where built for you when
the nodal model was created. For the purposes of this task, you can use the Critical_case
test case.

So beginning with:

> oscar5 SINGLE_MTR_ASSEMBLY.compose.single_mtr_assembly CORE test --help

and see if you can proceed through the task below.
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Task: The reference Serpent case has been run for you already. Run the
simulator calculation, post-process both results and use the compare
mode to see the differences in the results. Note down the errors you
discover between the reference and simulator (nodal solver) results,
and see if you can explain why they differ.

2.7 Step 6: Performing the Nodal Peaking Calculation

We now return to the original problem at hand, and consider the calculation of the power peak-
ing factor in the new assembly design. This is now rather trivial. We repeat the actions we
performed to run this calculation in Step 2.5, and simply change the target mode from Serpent
to MGRAC (the nodal solver), since the model is now created. There is one issue though –
you could have generated a number of nodal (compose) models for this reactor, and you have
to choose which one to use. If you do not specify, the system will try to make a selection for
you, but it is better practice to specify this explicitly. You will note that near the top of you
flux_calculation.py script, there is a line commented out, which sets your chosen nodal
representation, You must also uncomment this line to tell the system which nodal model you
want to use. The nodal model is auto-named during the compose process with a tag taken from
the first two characters of your full core nodal model name. In this case it was called CORE, and
hence the nodal model is tagged as CO. After uncommenting the line, execute:

> oscar5 SINGLE_MTR_ASSEMBLY.projects.flux_calculation \
--target-mode MGRAC execute --force

Followed by:

> oscar5 SINGLE_MTR_ASSEMBLY.projects.flux_calculation \
--target-mode MGRAC post --show

to have a look at the result. Browse the results and try to see if you understand what you are
looking at:

Task: Execute the nodal calculation and find the maximum peaking position
in the assembly and note the maximum peaking factor.

2.8 Step 7: Compare the Solutions

To visually compare the results between MGRAC and Serpent, click the icon in the top right-
hand corner of the browser to add a results file to the view, and browse to the Serpent results
file, which was written during the post mode of the Serpent run. This file is found at:
SINGLE_MTR_ASSEMBLY/projects/SINGLE_ASSEMBLY/SERPENT/plate_powers.res

Task: Compare the shapes, and consider the different approaches employed
in each. Are the results as you expect? Can you explain the differ-
ent behaviour you see based on your understanding of how the codes
approach the problem?
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3 Exercises

Exercise 1

In an effort to achieve better spatial resolution on the peaking factor, refine (lets say double) the
number of meshes in the plate provided to Serpent in the project input file. Rerun the Serpent
calculation. First keep a copy of the old Serpent result file (.res) and then compare the old and
the new one (import the old one into the browser after opening the new one with the --show
option) to see how much the peaking factor changes.
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4 Conclusion

Congratulations on having completed your first OSCAR-5 tutorial! Even though the problem
you solved seems far removed from a real practical reactor calculation, you have learned how
OSCAR-5 operates and how to approach the problem. Furthermore, this tutorial illustrated the
typical OSCAR-5 workflow in generating and using multi-code models. You are now ready to
move on to more realistic reactor models, and to slowly work your way through to performing
full reactor safety, utilization and core-follow calculations. Good luck and enjoy the rest of the
tutorials.
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