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ABSTRACT

The Virtual Environment for Reactor Applications (VERA) is a cutting edge simulation code suite used to
solve complex multiphysics problems for nuclear reactors. VERA makes use of high-performance comput-
ing (HPC) systems to solve large problems that were not historically tractable. Although extensive work
has been done to enhance the usability of VERA, some work is still involved to build reactor models, to
ensure their correctness, to properly execute the calculations, and to conduct the necessary analysis of the
results. This effort is typical when using complex codes such as VERA. The NEAMS Workbench has been
developed and maintained as part of the Nuclear Energy Advanced Modeling and Simulation (NEAMS) pro-
gramto provide a single interface to execute a wide variety of physics codes, ranging from the initial building
of input models through analysis of the results. This document serves as a manual, detailing the current inte-
gration of VERA with the NEAMS Workbench, and it provides a guide for configuring Workbench to allow
remote execution of VERA.

1. INTRODUCTION

The Virtual Environment for Reactor Applications (VERA) [1] is a state-of-the-art fully coupled, pin-
resolved reactor core simulator. In addition to high-fidelity core simulation for typical reactor depletion
and transient calculations [2], VERA also enables more advanced analyses such as calculations of vessel
fluence [3], departure from nucleate boiling (DNB) [4, 5], fuel performance [6], and various multiphysics
phenomena such as pellet–clad Interaction (PCI) [7] and crud-induced power shift (CIPS) [8]. Although
significant effort has been made to ensure the usability of VERA, constructing and validating reactor mod-
els, significant remaining work includes ensuring successful execution of the reactor models, as well as
subsequent post-processing of results. Additionally, VERA’s cutting edge resolution requires the use of
high-performance computing (HPC) resources which can be prohibitive for some nuclear analysts.

The Nuclear Engineering Advanced Modeling and Simulation (NEAMS) Workbench [9] was developed
to improve usability of nuclear codes by providing a unified framework for editing and validating input
files, executing them, and visualizing the results. In addition, Workbench is readily available for use via
the Idaho National Laboratory’s (INL’s) Nuclear Computational Resource Center (NCRC) [10], a part of a
DOE Nuclear Science User Facility (NSUF) program providing HPC resources for nuclear modeling and
simulation. Therefore, to improve the usability of VERA, preliminary work was performed to integrate it
into the NEAMS Workbench and to allow remote execution of VERA jobs at the NCRC. At the time of
writing, VERA input validation, job execution, and basic plotting and visualization are supported. This
document serves as a guide for configuring Workbench to allow remote execution of VERA at the NCRC
and demonstrates its input validation, job execution, and plotting features.
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2. CONFIGURING VERA IN WORKBENCH

First, the user must have a valid NCRC account. Steps for requesting an NCRC account are given here:
https://inl.gov/ncrc/how-ncrc-works/, and access to VERA, including instructions for obtaining individ-
ual/commercial licenses, are given here: https://vera.ornl.gov/vera-license/. Additionally, to use VERA
on NCRC, the user must be added to the VERA users group, which can be requested by emailing vera-
support@ornl.gov. If all of the above have been completed, VERA may be configured in Workbench through
the NCRC by following the steps given below.

1. Initialize a Workbench session by following the instructions given in Step 1 here: Workbench Virtual
Test Bed [11].

2. Add the path to the verarun executable in the VERA configuration. Click “File” in the top left of the
Workbench app, and then click “Configurations” from the drop-down menu. In the top-left corner of
the configurations window, select “Vera”. Then, under “Application Options”, double-click the box
next to “Executable”, and enter the path to the verarun executable. On the NCRC site, the path to the
verarun executable is “/projects/vera-user/vera/verarun.sh”.

3. Click “Apply” in the lower right corner to save changes, and then press “OK” to exit.

Figure 1. VERA configuration.
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3. INPUT EDITING AND JOB EXECUTION

Now that VERA has been properly configured in Workbench, all of the plotting, execution, and input vali-
dation features are available.

3.1 INPUT EDITING

The input validation, syntax highlighting, and autocomplete features are readily seen by opening a VERAIn
[12] input file. Examples of syntax highlighting, input validation, and auto complete are shown in Fig. 2.
This input file and other VERA progression problem [13] input files are freely available here. The input
block structure is shown in the navigation pane to the left and is produced by clicking on the “document”
drop-down menu. Similarly, the Workbench-parsed label of any given input element can be seen in the
bottom corner to the right of the navigation pane. Validation errors can be seen by clicking the “Validation”
tab in the bottom right of the graphical user interface (GUI).

Additionally, autocomplete can be activated by pressing “CTRL + SPACE” anywhere in the input file. When
autocomplete is activated in a given input block, all available input cards for that block will be shown in a list,
which is narrowed down as the user begins typing; selecting an input card from that list will autocomplete it,
along with a default value. Values of input cards can also be autocompleted by placing the cursor in front of
the existing/default value and enabling autocomplete with “CTRL + SPACE” to display a list of supported
values for the given input card, as shown in the right side of Fig. 2. (Note that autocomplete is not supported
for all input cards). More information about autocomplete and input validation features can be found in the
Workbench help documentation which can be accessed in Workbench by clicking “Help” in the top left of
the Workbench app, and “Help Documentation” from the drop-down menu).

Figure 2. An example of input validation, syntax highlighting, and autocomplete features for VERA
input files in Workbench.
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3.1.1 KNOWN ISSUES

Some known issues with the current implementation of the VERA input validation and input parsing incor-
rectly produce validation errors and result in incorrect input parsing in certain cases. These issues will be
resolved in future work, but they can be safely disregarded in the meantime.

1. Validation Error: “could not find <include-file>”
Description: When including one of the built-in include files from the VERA installs directory in the
VERA project folder (e.g. “include w4loop_8r_qtr.txt”, a common include in the VERA progression
problem input files [13]), this validation error will appear. By default, the Workbench validation
engine checks for include files adjacent to the input file and thus overlooks valid include files that are
checked by verarun (the VERA runtime script) when processing the input file.
Action: If the include file is one of the valid input files in the verarun installs directory, then the
include will be successful, and the validation error should be ignored. If the include file can not be
found in the verarun installs directory, then an error message will be produced when running the input
file. Note that this only applies when including built-in include files, and validation errors produced
when including user-generated include files should not be ignored.

2. Validation Error: “<input card> value <start..stopxstep> is not of type <input type>”
Description: Workbench does not support validation of inputs using automatic list generation. For
example, the depletion card: deplete EFPD 0 10 20 30 40 could be shortened to: deplete EFPD
<0..40x10>, and would result in the validation error: “deplete value <0..40x10> is not of type Real”.
Inputs created using the automatic list generation feature are still valid, but are not correctly validated
by Workbench.
Action: Ignore this validation error when using automatic-list generation.

3. Validation Error: “/ASSEMBLY/fuel/<dopant> is not a valid piece of input”
Description: This error is produced when specifying a dopant in a fuel card, for example: “fuel
U400Gd 10.412 94.5 / 4.0 / gad=1.25” specifies 4w% enriched UO2 fuel interspersed with 1.25w%
gadolinia, where the dopant is “gad”. The Workbench parser does not support validation of “dopant”
sections of fuel cards.
Action: Ignore this validation error.

4. Validation Error: “<input card> value <value> does not exist in set: <input set>”
Description: Produced when specifying input values using the asterisk notation to repeat values (e.g.
“det_map 192*2”.) Used to add detector 2 to all 192 assemblies in the detector map
Action: Avoid using asterisk notation, or disregard validation errors when using asterisk notation.

5. Incorrect Validation: Input cards are incorrectly parsed when a blank line is specified with a semi-
colon. See Fig. 3.
Description: The Workbench parser does not support termination of an empty record
Action: Remove the empty input record by removing the empty input record’s terminating semicolon.

3.2 JOB EXECUTION

Once an input file has been written and validated, it can be run by clicking the “Run” button in the top
right corner of the GUI. This will create a new tab in the “Messages” pane with the date and time of
execution as the label, and subsequent runs will appear as additional tabs; this is shown in Fig. 4a. If the
job is successfully submitted to the scheduler, then “[verarun] submitted: <job-id>” will be printed to the
messages pane. The job will sit in the queue for a variable time, depending on the computational resources
requested by the job (e.g., CPU cores and memory), after which it will be executed, and status messages,
which are also contained in the .log file produced upon job completion, with time stamps will be printed to
the Messages pane. Example status messages from a multi-state calculation are shown in Fig. 4b.
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Figure 3. Incorrect identification of input cards in the “[STATE]” block of the p9 progression problem
input.

(a) Job submission message (b) Job execution messages (from the 5a-2d progres-
sion problem)

Figure 4. Example message pane from executing an input file.

3.3 SETTING RUNTIME OPTIONS

The VERA runtime script (verarun) generates the .PBS script using data specified in the input file (e.g., the
number of cores), as well as a few defaults. For example, the wall-time defaults to 24 hours, which is a
reasonable default for a cycle depletion, but it could easily be far too long for simpler calculations or far
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too short for highly complex calculations. To update runtime options such as wall-time, open the VERA
configuration menu as described in step 3 of Section 2, and double-click in the box next to “Additional
Argument”. supply additional arguments that will be applied to verarun at runtime, and click “Apply” and
“OK” to save the configuration. For example, to set the walltime to 48 hours and set the email address
to which the job completion email will be sent to “johndoe@example.com”, the user would supply the
additional argument:

“-t 48
-e johndoe@example.com”

as in Fig. 5. Note that argument-value pairs must be listed on different lines in the “Additional Arguments”
box in order for them to be parsed correctly by Workbench. Note also that when specifying processors per
node, and memory per process, the user must set the “cpu_per_node” and “memory_per_process” properties
in the configuration menu rather than supplying the verarun additional arguments “- -ppn” and “- -pmem”,
as Workbench will not properly process these verarun arguments. For a list of verarun arguments and
descriptions, see the current version of the VERAIn User’s Manual [14].

Figure 5. Example of modifying runtime options.

3.3.1 JOB TERMINATION AND RUNTIME ERRORS

A submitted job can be terminated by simply right clicking the Messages pane and clicking “Terminate
Process” from the drop-down menu. Upon successful job deletion, “[verarun] Job aborted: Deleting job”
will be printed to the Messages pane. Note that if “Kill Process” is selected from the drop-down instead of
“Terminate Process”, the VERA runtime script (verarun) will not be able to delete the job before it is killed,
so the job must manually be deleted from the HPC OnDemand job manager, the “Active Jobs” page, or
qsub/scancel must be used from the terminal. Likewise, a job will continue running if Workbench is closed,
which can be desirable for longer running jobs, but if not, it can manually be deleted as mentioned above.

Once a job has been submitted to the scheduler, it can be viewed in the HPC OnDemand job manager, from
which the job status, runtime, cluster, and other items, can be viewed. Additionally, a detailed description
of job attributes and computational resources can be seen by clicking on the drop-down menu to the left
(shown in Fig. 6). If the job is terminated by the scheduler because the job reaches wall-time or too many
computational resources are requested, for example, or if the execution of VERA fails (exits with a nonzero
return code) then an error message will be printed to the Messages pane. Details on error messages and
their potential causes are given in Table 1. If the execution of VERA fails, then additional error information
can be found in the .log and/or the .stdout file that is created in the working directory adjacent to the input
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file, an example of which is shown in Fig. 7. If there is any unexpected behavior, the user should contact
vera-support@ornl.gov.

Figure 6. A queued VERA job on the “Active Jobs” page of HPC OnDemand.

Figure 7. Example of a VERA execution error caused by specifying an incorrect number of processors
for an explicit radial partition.
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Table 1. Runtime error messages and their potential causes

Error message Cause

[verarun] Job has been aborted by scheduler

Scheduler sends a SIGINT, SIGABRT, SIGQUIT, SIGTERM
signal. This can result from the user cancelling a job,
insufficient computational resources, or a job reaching
walltime or running out of memory1.

[verarun] Job has exited with nonzero return code

The execution of VERA has exited with a nonzero return code.
This could be caused by an input error, or a bug in VERA. When
this message is received, more information can be found in
the .log file.

[verarun] Job aborted: Deleting job
verarun receives a SIGTERM signal from its parent process,
Workbench. This is caused by right clicking the Messages pane and
clicking “Terminate Process”.

1 By default, the scheduler sends SIGTERM and waits a specified time before sending SIGKILL. Note that the delay
between the SIGTERM and SIGKILL signals is zero by default when a user manually executes qdel <Job ID> or
deletes the job via the HPC OnDemand job manager, and the PBS script is terminated before signaling to verarun to
print the “Job aborted” message and terminate; in this case, the Workbench process must be terminated manually.
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4. OUTPUT VISUALIZATION

Nominally, upon job completion, .sum and .h5 files are produced adjacent to the input file, both of which
can be used to visualize the results of the calculation. Other output data can also be produced by supplying
the edits card in the input file as described in Section 4.3.

4.1 WORKBENCH SUM-FILE PLOTTING

To visualize the results in the .sum file, open the .sum file in Workbench and click “File”, “Open file” (or
CTRL+O), select “All files (*)” as the file type, and click on the desired .sum file. Once the file is open, click
the “...” drop-down menu in the top left of the file pane (shown in Fig. 8), and then click on the “Processors”
drop-down menu to see the available processors for the given file. This drop-down menu will be grayed out
if the given file contains no plottable data. Boron concentration vs. effective full power day (EFPD) as in
the example in Fig. 8) and click the file to create a plot of the data. A list of supported output processors is
given in Table 2. Additionally, data can be viewed in tabular format and easily exported to Excel or other
applications by clicking on the “Table” tab.

Figure 8. An example .sum file (p9.sum) and the available Workbench processors.

4.1.1 MULTI-STATE DATA

When the user is viewing multistate data, processors automatically plot the given data series over all state
points (labelled as in the “input file”). When lists of state points become large, then the plot legend contain-
ing the state series can be navigated by dragging it up to scroll down or dragging it down to scroll up.

Development of the plotting function for 2D multi-state data is a work in progress, but it is fully functional
with some workarounds. When plotting multi-state 2D data, only the last state will be shown in the plot
window, but other states can be viewed by selecting the state from the legend, right-clicking the plot window,

9



Table 2. List of sumfile processors

Data block Status

Assembly average power Supported

Maximum 3D pin power Supported

Maximum 2D pin power Supported

Lattice at max pin power Supported

Assembly average exposure Supported

Maximum 2D pin exposure Supported

Assembly Exit density Supported

Assembly Exit temperature Supported

Selected 1D core data Supported

Case summary Supported

Assembly initial mass Not supported

and selecting “Move selected to new plot” from the drop-down menu. Additionally, in the composite plot,
which includes multiple states on the same figure, the table view is blank, but tabular data can still be viewed
by isolating individual states in a single plot, as previously described.

Figure 9. Example of multistate 1D core summary data plots from the VERA progression problem:
p9.
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Figure 10. Manipulating 2D multi-state data.

4.2 H5 PLOTTING

At the time of writing, .h5 processing and visualization are not supported in Workbench, but .h5 files can be
visualized using VERAView, an open-source plotting application [15].

4.3 VISUALIZING OTHER OUTPUT FILES

Additional “edits” (output visualization files) can be specified in the input file by including the “vis_edits”
card in the “[EDITS]” block, and (optionally) including the “edits” card in any given “[STATE]” block.
More information is given in the VERA Input User’s Manual [14]. The vis_edits card is used to specify how
many visualization files are produced.

• none: generates no visualization files.

• core: only prints core-level edits. This produces a single .pvtu file that can be opened in Workbench.

• fsr: prints all available edits on a flat source region basis. This produces .vtk files that can be opened
in Workbench (for reference, this option produces a number of .vtk files on the order of the number
assemblies, which can become quite cumbersome for larger problems).

The “edits” card in the “[STATE]” block specifies which output quantities are to be included in the visual-
ization (.vtk or .pvtu) files. For example, including “edits fsr_flux_2g pin_exposures” in a given “[STATE]”
block will append both two-group fluxes and pin exposures to the output visualization file for that state; an
example is given in Fig. 12. If none are specified, then the visualization files only display geometry/material
information as in Fig. 11. To view these files, simply open them in Workbench, and a ParaView visualiza-
tion will automatically be initiated. Examples are shown in Fig. 11 and Fig. 12). To change which output
quantity is being viewed, simply right-click the displayed model, select “Color By”, and select the desired
output quantity from the drop-down menu. Note that the mesh edges can also be viewed by right-clicking

11



Figure 11. Visualizing a core fsr mesh .vtk file in ParaView.

Figure 12. Visualizing a core fsr flux map .pvtu file.

the model, selecting “Representation”, and checking “Surface with Edges”. More information on ParaView
features can be found in the Workbench help documentation and the ParaView User’s Guide.

For more complex problems like the p9 progression problem, core-level .vtk files can become extremely
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large and will load quite slowly in ParaView. In general, .pvtu files load more quickly in ParaView and are
preferred for larger visualizations. When viewing large visualization files, running a Workbench session
on a visualization node provides greatly improved performance. A visualization node can be requested
by opening the “Interactive Apps” bar on the HPC OnDemand Desktop and clicking “Linux Desktop with
Visualization”.
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5. SUMMARY AND FUTURE IMPROVEMENTS

This manual describes the configuration of VERA in Workbench, provides a demonstration of syntax high-
lighting and input validation, presents instructions for running input files and details on execution options
and job termination, and provides instructions for visualizing the results via integrated Workbench proces-
sors and ParaView. In the future, a full integration of the capabilities of VERAView into Workbench—
specifically .h5 processing and 3D core data visualization—will provide users the ultimate streamlined ex-
perience and will allow integration of the user’s entire workflow for crud, vessel fluence, thermal hydraulic,
and fuel performance calculations.
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