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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, Santiago Cuartas,
spent 10 weeks (about 2 and a half months) doing a summer internship at Savannah River National
Lab and organization under the supervision and guidance of Michael Brown, Lead software, and
electrical engineer for automation at SRNL. The intern joined the project on June 9, 2025, and
continued through August 15, 2025, with the objective of supporting the testing and development
of an automated ground vehicle use for the automation of criticality control overpack (CCO)
storage.
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INTRODUCTION

During the summer of 2025, an internship was completed at the Savannah River National
Laboratory (SRNL) as part of the DOE-FIU Science & Technology Workforce Development
Program. The assigned project focused on CCO Pad Operations, a key automation initiative
designed to improve the handling and storage of Criticality Control Overpack (CCO) drums. This
process involved the use of Automated Guided Vehicles (AGVs) to transport, stack, stage, and
deliver drums across the storage pad (see Figure 1).

The project’s main objective was to reduce the amount of manual labor required, while improving
operational efficiency, increasing storage density, and minimizing worker exposure to hazardous
environments.

Figure 1: AGV equipped for CCO drum handling

The internship began in a highly professional yet collaborative environment that emphasized clear
communication and safety. Each team member operated within a well-defined role, contributing
to an organized and efficient workflow. This structure enabled meaningful participation in the
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project and provided valuable insight into how large-scale automation efforts are managed and
executed in a research and nuclear facility setting.

Figure 2: Learning AGV software & hardware
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RESEARCH DESCRIPTION

The role involved various aspects of the AGV system, offering exposure to integration of
mechanical components, software design, and safety protocols unified in one platform.

e AGYV Calibration and Navigation
The calibration of the AGV’s navigation system was a key focus area, relying on a lidar and
reflector-based layout to determine its position. This was essential to ensure the vehicle could
follow its predefined routes with high accuracy. Small misalignments could quickly create
compounding issues when handling thousands of drums. As a result, fine-tuning the
calibration process was critical to maintaining overall system accuracy and reliability.

e PLC Programming and Control Logic
A significant portion of the work involved assisting with PLC programming using Structured
Text. Tasks included modifying calibration routines, adjusting angle parameters, and fine-
tuning operations such as picking and placing CCO drums (See Figure 3). These changes
helped improve the system’s reliability and allowed the AGV to better adapt to the real-world
environment.

ot
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Figure 3: AGV picking CCO from station
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Figure 4: AGV navigation through racks

System Integration and Communication

Contributions were made to facilitate seamless communication between the host computer,
the Human-Machine Interface (HMI), and the AGV. This integration work was crucial to
unifying all the moving parts of the system into a cohesive platform that operators could
monitor and control.

Peripheral Systems and Safety Enhancements

Another area of responsibility involved troubleshooting peripheral devices including CAN-
based components and SICK safety laser scanners. Through systematic testing and
refinement of these safety systems, manual operator intervention was significantly reduced.
This contributed to making the platform safer and more autonomous.

Layout Design and Scalability

Beyond immediate testing, efforts were also directed towards layout design for scalability.
This involved creating rack templates for the CCO pad facility, which will eventually store
more than 16,000 drums. The ability to expand and adapt the system for larger-scale
operations is a key part of ensuring the project’s long-term success.
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RESULTS AND ANALYSIS

Through direct involvement and technical support, the project yielded improvements in both the
technical performance and the practical reliability of the AGV system.One of the most significant
challenges encountered was the inconsistency of the racks. In theory, the AGV relied on predefined
X,y coordinates for navigation, however, these coordinates proved reliable for only certain rack
levels. In practice, racks were not perfectly uniform. As a result, positions accurate for levels 1
through 4 could become slightly misaligned when the AGV reached levels 5 or 6. These
misalignments exceeded the AGV’s ability to self-correct, leading to operational inconsistencies.

Figure 5: Mockup environment for testing and development

This issue became increasingly problematic when the drum picker reached its side-shift limit but
still could not align properly with a drum. While it was possible to hard-code adjustments for
specific points, doing so for over 16,000 storage positions was not realistic or sustainable.

To solve this, we decided to add additional sensors to the AGV. With these sensors, the vehicle
could dynamically adjust its positioning in real-time, reducing the need for hard-coded exceptions
and improving its ability to adapt to edge cases. This not only made the system more reliable but
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also reduced the likelihood of failures that could slow down operations or require manual
intervention.

My work on calibration, PLC control logic, and layout design directly contributed to these
solutions. By helping refine how the AGV navigates, communicates, and handles drums, I
supported the project’s long-term goal of developing a scalable, safe, and efficient automated
storage system.

Figure 6: AGV placing CCO drum in rack
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CONCLUSION

This internship was more than a technical experience; it was also a professional and personal
learning opportunity. On the technical side, it provided hands-on experience in automation,
robotics, and system integration. Confidence grew in working with PLC programming, lidar-based
navigation, and industrial safety systems. The experience also offered insight into how large-scale
projects must be planned for scalability, reliability, and safety from the very beginning.

On a personal level, the internship fostered a deeper appreciation for the importance of safety and
robustness in engineering. Prior to this experience, the focus was often on building systems that
simply worked. At SRNL, it became clear that in environments such as nuclear facilities,
functionality alone is insufficient. Systems must be safe, robust, and maintainable to truly be
considered successful.

Finally, what stood out most was the team environment. While everyone had distinct
responsibilities, the structure and collaboration made it clear how every component contributed to
the overall system. This balance between professionalism and teamwork not only made the
internship enjoyable but also demonstrated how complex projects can succeed when people work
together effectively.

Overall, the internship was a defining experience in the development of engineering skills and
mindset. It provided practical skills, reshaped approaches towards system design, and a clarified
direction for future professional growth.

10
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APPENDIX

111

1.1.2

A. Sample Tasks Performed

Assisted with calibration of the AGV navigation system using lidar and reflector-based
layouts.

Modified and fine-tuned PLC Structured Text routines for drum picking and placing.
Supported communication setup between host computer, HMI, and AGV system.
Troubleshot CAN-based peripheral devices and SICK safety laser scanners to improve
operational safety.

Designed rack layout templates for CCO pad scalability (future storage of 16,000+ drums).

B. Screenshots and Layouts (if allowed)

(Insert images if you are permitted — e.g., snapshots of rack templates, navigation calibration
screens, or simplified diagrams of the system architecture. If visuals are sensitive or not shareable,
you can include high-level diagrams you create yourself.)

1.1.3

C. Challenges Summary

Rack inconsistencies at higher levels caused x,y misalignments, making hard-coded
routines unsustainable.

Drum picker reaching its shift limits, leading to incomplete placements or retrievals.
Need for additional sensors identified to allow real-time adjustment instead of pre-
programmed fixes.

D. Learning Outcomes

Gained practical experience with PLC programming in industrial environments.

Learned how safety systems (such as laser scanners) are integrated from the start of design.
Understood the importance of designing scalable solutions for large-scale storage.
Shifted mindset from “making it work” to building robust and safe engineering solutions.

E. Acronyms and Abbreviations

AGYV — Automated Guided Vehicle
CCO - Criticality Control Overpack
HMI — Human-Machine Interface
PLC — Programmable Logic Controller
CAN - Controller Area Network
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