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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 and Florida International University’s Applied Research
Center. During the summer of 2025, a fellow intern at the Department of Energy, Benjamin
Vargas, spent 10 weeks doing an internship at the Hanford Tank Waste Operations and Closure,
an organization under the supervision and guidance of Dr. Douglas Reid, Ph.D. Benjamin’s
internship project was initiated on June 9, 2025, and continued through August 14, 2025. His
objective was to support the development of a mobile-sensing platform capable of autonomously
detecting and mapping subsurface waste-transfer infrastructure using Ground Penetrating Radar.

Unlike traditional methods that rely on outdated schematics or intrusive excavation, Ground
Penetrating Radar offers a modern, mobile solution that enhances both operator safety and data
quality. The work builds upon prior Ground Penetrating Radar applications by introducing a
structured, iterative calibration process for tuning scan parameters such as time window, stacking,
and acquisition frequency—resulting in sharper, more interpretable scans. Furthermore, the
integration of GNSS-based georeferencing and export workflows to Google Earth and
CloudCompare bridges the gap between raw subsurface data and practical engineering insight.
These tools allow for immediate spatial visualization of detected features, streamlining
interpretation and decision-making for field engineers.

By establishing a repeatable scanning and post-processing pipeline, this project not only
demonstrates the viability of autonomous Ground Penetrating Radar surveys at Hanford but also
lays the foundation for future fusion with other sensor modalities and Al-based anomaly detection.
The resulting platform is a flexible, scalable tool that transforms how subsurface infrastructure is
understood, mapped, and maintained in high-risk environments.
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1. INTRODUCTION

The Hanford Tank Waste Operations and Closure (H2C) mission represents one of the most
complex and consequential radioactive waste management challenges in the United States. A
legacy of decades of plutonium production during the Cold War era, the site contains 177
underground storage tanks that collectively hold over 50 million gallons of high-level radioactive
and chemical waste. These tanks are organized into multiple “Tank Farms™ and are connected by
a vast network of buried waste transfer lines, which were used to move liquid waste between tanks
and processing facilities throughout Hanford’s operational history (see Figure 1).
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Figure 1. H2C Waste Transfer Line Installation. [1]

Due to the age of the infrastructure, the historical variability in construction methods, and the
hazardous nature of the site, many of these underground transfer lines lack precise documentation.
As-built drawings are incomplete, and physical inspection is limited by access restrictions and
radiation exposure risks. Yet, knowing the exact location, depth, and condition of these lines is
critical for enabling safe waste retrieval, supporting ongoing maintenance, and informing long-
term remediation and closure strategies. Any unintentional disruption of these lines during
construction or excavation could pose severe risks to worker safety and environmental health.

Traditional techniques for subsurface investigation, such as trenching or core drilling, are intrusive,
costly, and pose significant hazards in radiologically controlled areas. Therefore, there is a growing
need for non-invasive, high-resolution technologies that can identify and map underground
infrastructure without disturbing the environment. Remote sensing systems, particularly Ground
Penetrating Radar (GPR), have emerged as promising tools for this application. GPR is capable of
imaging subsurface anomalies by emitting radio frequency pulses into the ground and measuring
the reflected signals, which vary according to changes in material properties and buried features.



FIU-ARC-2024-800013920-04C-008 GPR Robot for Underground Characterization

To address this challenge, the present project investigates the development and field deployment
of a robotic GPR sensing system, combining a NOGGIN 250 MHz GPR unit with a Clearpath
Husky Unmanned Ground Vehicle (UGV), as captured in Figure 2. This integrated platform allows
for semi-automated data collection across large surface areas, offering greater coverage,
consistency, and operator safety. Equipped with onboard GNSS positioning and edge computing
capabilities, the system can produce geospatially referenced subsurface data to yield 3D maps of
the buried infrastructure.

Figure 2. Husky UGV with GPR Sensor Package at CTF.

The primary focus of the field effort is a zone between the AP and AW Tank Farms, where partially
documented waste transfer lines are believed to be present. By scanning this area and generating
visualizations of underground features, the project aims to assist engineering teams in
infrastructure planning while validating the performance of the robotic GPR platform in
operationally relevant environments.

This project is part of a summer internship collaboration between Florida International University
(FIU) and H2C. The goal is to show that the system can reach Technology Readiness Level (TRL)
6 [2] by validating a prototype in a relevant field setting. Ultimately, the project aims to decrease
the dependence on intrusive methods and promote the wider use of robotic and geophysical sensing
tools throughout the DOE complex and other hazardous legacy sites. This effort also directly aligns
with the objectives in H2C’s Technology Element Description Summary (TEDS) MTW-79, as
outlined in the Technology and Innovation Roadmap [3]. It highlights the need for innovative
technologies to minimize personnel entries into Tank Farms by facilitating remote data collection
and the characterization of buried infrastructure.
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2. RESEARCH DESCRIPTION

The research focused on implementing and validating a robotic sensing system capable of
subsurface mapping for infrastructure characterization at the Hanford Site. The system employed
a NOGGIN 250 GPR unit to scan for underground waste transfer lines between the AP and AW
Tank Farms. This specific antenna frequency was selected to balance depth penetration (typically
2—4 meters in dry soils) with adequate resolution for detecting linear features such as pipelines or
conduits.

To ensure accurate georeferencing of each scan, the system utilized a GNSS receiver with sub-
meter accuracy. This allowed each data point collected by the GPR to be spatially aligned with
surface coordinates, which is critical for generating meaningful subsurface maps and for later
overlay with satellite imagery. The scanning operation was conducted by guiding the mobile
platform in parallel passes across the targeted area. Each pass was spaced at regular intervals to
maximize data coverage and minimize ambiguity in signal interpretation. Figure 3 shows the
transfer line map of the AW and AP Tank Farms, which guided the selection of the scanning zone
in coordination with Waste Transfer Engineering. Historical drawings and known operational
layouts suggested the presence of undocumented or poorly documented lines.

, Flgure 3 Transfer Llne Map of AW and AP Tank Farms at H2C.

Data collected during the fieldwork phase was processed using EKKO Project, a specialized
software suite for GPR analysis. The software enabled time-slice generation, amplitude
visualization, and 3D volumetric modeling of the subsurface. Figure 4 shows an example of a
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depth slice and GPR Lineset generated using EKKO_Project, illustrating the subsurface modeling
capabilities that allowed for interpretation of signal reflections that appeared consistent with buried
piping. Where applicable, the resulting models were geospatially overlaid with Google Earth
satellite imagery to provide intuitive visualization of detected features in real-world context. A
successful benchmark test was also conducted at the Cold Test Facility (CTF), where a known
buried cable was scanned to validate system performance and refine processing techniques. This
served as a reference point for evaluating the system's detection accuracy and refining the scan
methodology prior to deployment in higher-priority regions.

0 6 12 18 24 30 36 42 48
X Line Position (inches)

Figure 4. Example of EKKO Project Depth Slice and GPR Lineset.

Overall, the research involved system calibration, field scanning, software-based signal
interpretation, and map generation, all aimed at advancing the system toward reliable, field-ready
application in the context of Hanford’s legacy waste infrastructure.
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3. RESULTS AND ANALYSIS

The initial attempt to scan for waste transfer lines at the Hanford Site was conducted in the area
between the AP and AW Tank Farms. However, no clear subsurface features were detected during
this deployment as shown in Figure 5. Upon review, it was determined that the issue stemmed
from limited familiarity with the GPR system and its configuration parameters, including gain,
time window, dielectric constant, and stacking settings. These parameters significantly influence
data clarity and depth resolution and must be adjusted based on environmental and soil conditions.
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Figure S. Failed H2C Onsite GPR Data.

To address this, system calibration and operator training were conducted at the CTF, which offered
a controlled environment with a known underground feature: a buried electrical cable running
between two power poles. Through iterative field testing, key acquisition parameters were adjusted
to improve data quality and system performance. The time window was reduced from 80
microseconds, corresponding to a 4-meter depth range but lower resolution,to 40 microseconds,
which limited depth to approximately 2 meters but significantly enhanced resolution and target
clarity. The stacking value, which affects the signal-to-noise ratio by averaging multiple traces,
was increased from 4 to 8, and up to 32, yielding a clearer and more stable signal. Additionally,
the free run interval, which governs how frequently scans are recorded, was minimized from an
initial value of 1 second to a range between 0.01 and 0.05 seconds, depending on the stacking and
time window settings. These refinements enabled high-density data acquisition with improved
subsurface resolution. The resulting scan, Figure 6, successfully captured the cable’s location and
geometry in the time-depth profile, validating the system’s effectiveness when configured
appropriately.
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Figure 6. GPR Scan of Power Cable at CTF with New Parameters.

Following data collection at CTF, the raw GPR scans were processed using EKKO Project. The
processed data was exported in two formats:

1. A georeferenced overlay on Google Earth for visual context shown in Figure 7.
2. A point cloud generated from the lineset data, imported into CloudCompare for 3D analysis

modeled in Figure 8 and Figure 9.

This dual-visualization method enhanced the interpretability of the GPR data by allowing the user
to inspect both the scan's physical location and the subsurface features it revealed, in two distinct

environments.
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Figure 8. GPR Lineset Data in Point Cloud Form on CloudCompare.
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Figure 9. GPR Lineset Data Point Cloud Close-up

With refined scanning and processing techniques in place, a follow-up field deployment was
conducted at the HiLine facility, a contractor site affiliated with H2C. The objective was to scan
for a buried water pipe located near the facility entrance. The scan was successful, showing a clear
hyperbolic reflection in the GPR profile that indicated the presence of the pipe. Through time-to-
depth conversion using an appropriate dielectric constant, the pipe was determined to be
approximately 1.1 meters below the surface at the beginning of the line, gradually dipping to 1.4
meters as it extended downslope (see Figure 10).

This data was also overlaid on a Google Earth image to confirm spatial alignment between the
detected feature and its known location. The consistency of results across both CTF and HiLine
deployments confirms the robotic GPR system’s reliability in detecting and mapping underground
infrastructure under proper configuration.
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Figure 10. Google Earth Images of Depth Slices at HiLine Facility

During the midpoint of the internship, a temporary operational stand-down across H2C sites
impacted site access and testing schedules. Once operations resumed, the scanning campaign
between the AW and AP Tank Farms was conducted successfully. The robotic sensing system,
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configured with the refined acquisition parameters developed earlier in the internship, was
deployed along a set of parallel transects across the suspected transfer corridor. The GPR data
collected in this region revealed distinct hyperbolic signatures at varying depths consistent with
the expected characteristics of buried pipeline infrastructure.

Post-processing in EKKO_Project enabled visualization of the detected subsurface features in both
time-depth and depth slice views. These results were georeferenced using onboard GNSS data and
exported into Google Earth for visual overlay on satellite imagery (see Figure 11). Preliminary
analysis indicates that at least one major transfer line was successfully mapped, with depth
estimates ranging from 0.65m to 1.3m, and alignment corresponding approximately to the initial
diagram.
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Figure 11. GPR Data at AP Tank Farm.

These final results mark a significant milestone for the project by demonstrating the system’s field
readiness and its ability to generate actionable, non-intrusive subsurface infrastructure maps. The
scan between the AW and AP Tank Farms serves as a proof of concept for broader applications
across the Hanford site and similar legacy waste facilities.
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4. CONCLUSION

The results of this project demonstrate the feasibility and effectiveness of using a robotic GPR
sensing system for subsurface infrastructure characterization at the Hanford Site. Initial challenges
during the first onsite deployment, primarily due to limited familiarity with system configuration
and optimal parameter selection, were overcome through iterative calibration and operator training
conducted at the CTF, which significantly improved data quality. Through this process, key
parameters such as time window, stacking, and acquisition frequency were fine-tuned, resulting in
clearer, higher-resolution scans and a robust scanning methodology.

The refined acquisition and processing pipeline enabled successful detection and mapping of
underground waste transfer lines between the AW and AP Tank Farms. Analysis of the collected
data revealed distinct hyperbolic signatures consistent with buried pipeline infrastructure, with
alignment corresponding closely to transfer line drawings provided by H2C. By integrating
geospatial referencing and visualization tools such as Google Earth and CloudCompare, the project
delivered interpretable, actionable maps that validate the system’s capability to conduct safe, non-
intrusive subsurface surveys in operationally sensitive areas.

Looking forward, additional post-processing using advanced techniques such as migration,
attribute analysis, and automated anomaly detection could further enhance data interpretation and
improve the accuracy of subsurface infrastructure modeling. Furthermore, future deployments
could expand coverage to adjacent regions within the Hanford Tank Farms, enabling broader
characterization of underground systems and facilitating integration with existing engineering
databases. Incorporating autonomous navigation into future scanning operations could also
improve efficiency and data consistency by enabling systematic coverage of larger areas while
reducing operator workload.

This work establishes a scalable foundation for continued development and demonstrates that
autonomous GPR surveys can significantly improve the detection and mapping of buried
infrastructure. By reducing reliance on intrusive methods and enhancing operator safety, the
platform directly supports H2C’s mission objectives and provides a promising path toward
efficient, site-wide characterization strategies.

11
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APPENDIX

DST Waste Transfer System - 200 East Area

Information only. See issued drawings and associaled ECNs for current configuraion. ey
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Figure 12. DST Waste Transfer System of Hanford 200 East Area.
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