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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
government. Neither the United States government nor any agency thereof, nor any of their
employees, nor any of its contractors, subcontractors, nor their employees makes any warranty,
express or implied, or assumes any legal liability or responsibility for the accuracy, completeness,
or usefulness of any information, apparatus, product, or process disclosed, or represents that its
use would not infringe upon privately owned rights. Reference herein to any specific commercial
product, process, or service by trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the United States
government or any other agency thereof. The views and opinions of authors expressed herein do
not necessarily state or reflect those of the United States government or any agency thereof.
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EXECUTIVE SUMMARY

This research work has been supported by the DOE-FIU Science & Technology Workforce
Development Initiative, an innovative program developed by the U.S. Department of Energy’s
Office of Environmental Management (DOE-EM) and Florida International University’s Applied
Research Center (FIU-ARC). During the summer of 2025, a DOE Fellow intern, Sebastian Vargas,
spent 10 weeks doing a summer internship at the Savannah River Site (SRS) under the supervision
and guidance Donald Benza, Senior Electrical Engineer at Savannah River National Lab (SRNL).
The intern’s project was initiated on May, 2025, and continued through August, 2025 with the
objective of deploying modern sensors and robotics in H-Canyon and other site facilities.
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1. INTRODUCTION

H-Canyon, seen in Figure 1, is a large-scale radiochemical processing facility at the Savannah
River Site (SRS), primarily used for dissolving and separating nuclear materials, including spent
fuel. Its operations are critical to national efforts in nuclear material disposition and
nonproliferation. Due to the highly radioactive environment, direct human access is restricted,
making remote inspection and monitoring essential (see Figure 2). This report covers two different
projects directed by Savannah River National Lab (SRNL) that support the following: Assisting in
designing a test bed for a mission in H-Canyon, led by Donald Benza and creating an agnostic
LiDAR package for UGVs, overseen by Dr. Rodrigo Ramon.

One of SRS’s key goals is to reprocess and dispose spent nuclear fuel (SNF). A major step of the
process is dissolving SNF and separating it from the encasing metal. Currently H-Canyon is used
to dissolve SNF using electrolytic dissolution, but a byproduct of the process is a sludge that builds
up after each cycle. This sludge interferes with the dissolving process and must be removed after
a certain volume precipitates. To determine the level of sludge present in the dissolver tank a high
visibility measuring apparatus (HVMA) was desired to be permanently installed. Then with a
camera, operators will periodically view the tank and observe the sludge levels. Since developing
a product within an extremely radioactive environment such as H-Canyon is unfeasible, the team
had to create a testing tank for deployment and troubleshooting of the HVMA.

Flgure 1. SRS H- Canyon. Figure 2. Interior of H- Canyon prior to beglnnmg
operations; the area has remained inaccessible
since becoming operational

The second project aims to automate inspections performed by SRNL. Many inspections are
performed by Unmanned Ground Vehicles (UGVs), shown in Figure 7, to mitigate personnel
exposure to hazardous chemicals and radiation. These UGVs rely on cameras to give operators
feedback when navigating, but sometimes the camera feedback may not be enough for operators
to have full situational awareness during missions. This often leads to slower operation exercising
caution for any potential occluded obstacles. This is not ideal in some facilities, such as h-canyon,
where shutting down operations for an inspection is costly. To address this challenge, utilization
of LiDAR will provide two distinct benefits: First, to automate navigation using Simultaneous
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Localization and Mapping (SLAM) and Navigation Stack algorithms, and enhance situational
awareness for operators during manual operation scenarios.

2. RESEARCH DESCRIPTION

2.1 - Methods

Testbed Tank

The testbed had to replicate the environment found inside the H-Canyon dissolver to gauge the
effectiveness of the HVMA and camera. To achieve this, several design parameters were chosen.
The tank walls had to have similar reflectivity and light diffusion as the dissolver. Actual data of
light behavior inside the dissolver tank was not available. Instead, rough estimates confirmed
with visual assessments were the primary method of validation. Additionally, the limited
availability of the zirconium simulant required the volume of the tank to be minimized, and the
environment had to be as dark as possible to replicate the operating conditions within H-Canyon.
The design prioritized the use of also had to be feasible with materials that were readily available
materials and was scaled to the team and sized appropriately to fit the operational limits of e
within the high bay area, enabling efficient fabrication and deployment.

Figure 3. Winch camera being used for tank inspections.
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Figure4. th;b ‘y test area witfl 2nd tank iteration.

In the first iteration, the team utilized rectangular plastic tank and planned to manufacture a lid out
of steel sheet metal to block ambient light. The tank measured roughly 36°x72”x48” with a 1.75”
lip on the top perimeter. Later, it was deemed more practicable to have a foam lid fabricated
instead, and it was observed ambient light could enter due to the translucency of the tank.
Additionally, the tank was larger than needed requiring more zirconium than was practical. To
compensate, a smaller tank needed to be constructed within containing the simulant and HVMA.

Figure S. First iteration of tank lid, to be made of sheet metal.
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Figure 6. Cutout of circular tank with HVMA base and foam shelves.

With the second iteration, shown in Figure 6, a 304 Stainless Steel easy drain hopper tank was
purchased from McMaster-Car. The tank had a 38” circular diameter and a 66” height. This better
fit the HVMA which was around 36” in diameter. As a result, the negative space withing was
reduced required less simulant for tests. Additionally, the tank was much better in simulating light
conditions present within the dissolver since it was made of steel.

Agnostic LIDAR Package

The second project involved developing an agnostic LIDAR package for a Clearpath Jackal UGV
using an Ouster OS-Dome LiDAR and a Jetson AGX Orin computer. The Jetson initially shipped
with Ubuntu 20.04 but was re-flashed to run 22.04. This was done since ROS2 Humble required
Ubuntu 22.04 to reliably run. This required the use of a separate Linux laptop to host the installer
using Nvidia’s JetPack installer. Afterwards, ROS2 Humble, SLAM Toolbox, Navigation Stack
2, and the Ouster ROS driver were successfully installed.
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Figure 8. Paékég‘e"hardware mounted on

Clearpath J. ackal.

The Jackal itself posed a significant challenge because it was running a minimal Ubuntu
distribution from the early 2000s, which lacked the proper communication kernels for integration.
To resolve this, the robot was re-flashed with Clearpath’s official software image. Due to strict
SRNL network protocols, direct access to external resources was prohibited, so the update was
completed using a government-approved developmental laptop that provided an Ethernet
passthrough connection. Once complete, the Jackal’s onboard computer could communicate with
the Jetson through a local network.

The Ouster OS-Dome LiDAR was then mounted to the Jackal on a custom mount. A more robust
CAD model for a future permanent mount was also developed during this stage. The sensor was
connected to the Jetson via Ethernet and configured in the ROS2 driver, which enabled it to publish
both 2D and 3D point clouds. At this point, the SLAM Toolbox could begin consuming the data.
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Figure 9. Initial Hardware Mount CAD with variable pitch for LIDAR.

Figure 10. Permanent hardware mount CAD for future use.

Much of the subsequent work focused on troubleshooting the SLAM configuration. The
operational constraints stemmed from mismatched transforms and timing inconsistencies between
the Jackal and the LiDAR. A custom ROS2 node was created to remap the Jackal’s topics and
remove its namespace, allowing the SLAM software to recognize the incoming data. In addition,
the LiDAR driver was modified to synchronize its timestamps with the ROS2 system clock, a
problem that had prevented SLAM from linking sequential point clouds into a coherent map. After
these adjustments, both 2D and 3D SLAM modes were operational. To consolidate progress, a
unified software package was created that included all robot drivers: Ouster ROS, SLAM Toolbox,
and the custom remapping utilities.

10
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3. RESULTS & CHALLENGES

Results

For the H-Canyon project, the stainless-steel hopper tank was set up for tests to be conducted. A
shelf for supporting the apparatus was designed from foam, and CAD models of displacement
inserts were designed to reduce the required volume of simulant by occupying negative space
around the HVMA. Due to time restraints, actual testing was not performed during the internship.
Nevertheless, the design iterations ensured that the testbed could support future validation of the
system while staying within the current resource limitations imposed by the available simulant

supply.

For the LiDAR package, the Jackal UGV was restored to full functionality with updated drivers
and operating system. The Jetson AGX Orin was prepared with ROS2 Humble and the necessary
supporting software. Similarly, the Ouster OS-Dome was configured successfully in both 2D and
3D modes. Two-dimensional SLAM operated well, providing basic localization and mapping
capabilities, while navigation was constrained by data transmission rates. Due to the high
bandwidth demands of point cloud data, wireless communication between the Jetson and Jackal
proved insufficient, and as a result, the Navigation Stack could not be fully deployed.
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Flgure 11. 3-Dimensional Slam.

Figure 12. 2-Dimensional Slam for Navigation.
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Challenges

Both projects encountered significant obstacles during their development. For the testbed tank,
one limitation was the absence of a dedicated power supply for the camera, which delayed testing.
Communication issues also arose during early trials, and shipment delays for the stainless-steel
tank slowed progress. Additionally, the limited supply of both foam and zirconium simulant
required careful conservation and design modifications to ensure feasibility. Managing the sandy
slurry simulant also introduced practical handling challenges that had to be addressed before
meaningful testing could begin.

The LiDAR package faced challenges of a different nature. Network restrictions at SRNL
prevented direct connections to update the Jackal and Jetson, requiring creative workarounds such
as Ethernet passthrough and use of auxiliary development machines. Once the hardware was
functional, mismatched timestamps between the LiDAR driver and ROS2 system clock prevented
SLAM from running correctly until the parameters were modified. Even after synchronization, the
wireless network was quickly saturated by the large volume of point cloud data, resulting in data
loss and degraded SLAM performance. These bandwidth constraints ultimately prevented
successful integration of the Navigation Stack. In addition to these infrastructure-related barriers,
the navigation algorithms themselves proved limiting: current implementations assume the robot
operates strictly on a flat, 2D plane. When the platform tilts or traverses uneven terrain, the
algorithms fail to maintain reliable localization, further underscoring the need for robust 3D
navigation solutions in future iterations.

4. CONCLUSION & FUTURE WORK

Together, the two projects advanced SRNL’s capability to support operations in hazardous
environments. For the H-Canyon dissolver, the development of a representative testbed tank laid
the groundwork for evaluating the HVMA under conditions that approximate the actual process
environment. The stainless-steel hopper tank, foam shelf, and displacement inserts together
provide a practical platform for continued testing once additional resources are available.

The LiDAR package project successfully updated and integrated a Clearpath Jackal UGV, Jetson
AGX Orin, and Ouster OS-Dome LiDAR into a consolidated ROS2 workspace. While both 2D
SLAM and 3D mapping were demonstrated, full deployment of navigation algorithms was
hindered by bandwidth limitations. Moreover, current navigation performance is constrained by
reliance on a 2D plane; the algorithms fail to account for vehicle tilt or uneven terrain, limiting
their robustness in real-world deployment. These results nevertheless demonstrate the feasibility
of extending UGV capabilities at SRNL to improve safety and efficiency in facility inspections.

Future work should focus on continuing HVMA validation with the stainless-steel testbed and
improving network infrastructure or implementing data compression strategies to enable full
operation of the Navigation Stack. Additionally, development of 3D navigation capabilities is
essential to overcome the limitations of the current 2D framework. By incorporating algorithms
that account for vehicle tilt, elevation changes, and complex terrain, UGV operations can be made
more resilient and reliable in dynamic process environments. By addressing these remaining gaps,
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both projects have the potential to significantly reduce operator risk and improve mission
performance at the Savannah River Site.
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