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EXECUTIVE SUMMARY

This research work is part of the DOE-FIU Science & Technology Workforce Development
Initiative, which aims to advance research and provide practical experience for students. David
Rojas, a DOE Fellow, spent 11 weeks at the Hanford site developing a method to map the
bottom of waste tanks using sonar technology. This project involved using sonar to create 3D
visualizations of tank waste topography, specifically focusing on the solid-liquid interface in
simulated tanks. The technology development was conducted under the supervision of
Washington River Protection Solutions (WRPS) Engineer Douglas Reid, PhD. This work
supported the objectives outlined in the RPP-Plan 43988, with a focus on the Technology
Element Description (RTW-44), which addresses the quantification of solids in Double Shell
Tanks (DSTs). The research advanced the technology needed to meet the goals outlined in the
plan.
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DOE-HFO - Department of Energy’s Hanford Field Office
SST - Single Shell Tank

DST - Double Shell Tank

WTP - Waste Treatment and Immobilization Plant

WRPS - Washington River Protection Solutions

SLIMS - Solid-Liquid Interface Monitoring System

FIU - Florida International University
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1. INTRODUCTION

At the Hanford Site, the Department of Energy’s Hanford Field Office (DOE-HFO) is responsible
for managing 177 underground storage tanks containing 56 million gallons of radiological and
chemical waste. Accurate measurement of the solid-liquid interface is crucial for waste retrieval
and management. Part of this waste is in liquid form, while the rest consists of sludge and hardened
crust, made up of settled solids that won’t dissolve or remain suspended in the upper liquid phase.
Washington River Protection Solutions (WRPS), the current Tank Operations Contractor, is
responsible for maintaining the underground storage tanks and their contents in a safe and
compliant manner. Drivers for accurate solids level measurements coincide with SST (Single Shell
Tank) waste retrieval activities, DST (Double Shell Tank) operations (which may potentially
increase the solids expected in the DSTs, such as evaporator campaigns), or waste feed delivery
operations needed to prepare and deliver feed to the WTP (Waste Treatment and Immobilization
Plant). Traditional methods use conductivity probes connected to a tape measure to determine the
solid-liquid interface by measuring changes in density. However, these devices are limited to
measuring directly below the riser from which they are deployed. A more efficient method
involves using sonar technology to map the interface between settled solids and the liquid waste
above. This sonar system, called the Solid-Liquid Interface Monitoring System (SLIMS), was
developed in collaboration between Washington River Protection Solutions (WRPS) and Florida
International University (FIU). SLIMS uses sonar to produce 3D images of the tank contents,
helping to accurately measure sludge and crust layers. This method for mapping the contents of
the tanks aligns with the goals outlined in the Quantification of Solids in DSTs (RTW-44) report
(See Appendix), allowing for accurate visualization of the tank bottom and its contents. See Figure
1.

The only way to access these tanks is through risers that range from 48 inches in diameter down
to 2 inches depending on the tank and its configuration. The most available risers are nominally
4 inches in diameter. Therefore, the sonar device developed for this purpose should be
deployable through a 4-inch riser.
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Figure 1 Sludge Covered by Liquid Profiling Concept'

! Figure taken from Soid Liquid Interface Monitor (SLIM) OWP Technical Exchange Nov 17 2010
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Along with solids that collect at the tank bottom there are some cases where a floating crust layer
may form which also requires assessment. These crust layers have been described as a porous
hardened salt cake which contains trapped gas. This trapped gas makes the solids that hold them
buoyant and thus the crust layer is formed. The layer is of unknown dimensions but have been
estimated to be several feet thick. Below the crust at a small distance there is a liquid air
interface (see Figure 2). A sonar-based approach could also be used to help determine accurate
dimensions for these crust layers.
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Figure 2 Depiction of waste inside tank with crust layer

To properly evaluate a sonar-based approach, WRPS has been collaborating with FIU to develop
the (SLIMS). Initial research by FIU was completed in 2010 but was put on hold due to
competing priorities. This new phase of development builds on the previous work and continues
to use the same sonar technology (marine electronics).

As in the previous effort, the scope of SLIMS is to improve sludge level measurements and
characterize crust layers, providing precise locations for collecting physical samples. This
approach would eliminate the need for multiple point measurements with handheld instruments
above the riser, reducing worker exposure. The goal is for SLIMS to provide a 3D reconstruction
of the inside of the tank, achieving these objectives more efficiently.

During the internship, sonar technology from marine electronics was used to conduct a series of
tests in tanks of various sizes and shapes. These tests were carried out in a clean facility, using
small, medium, and large tanks to thoroughly assess the sonar’s performance in different
environments. This experimentation provided valuable insights into the behavior and efficiency
of the sonar equipment in diverse scenarios, deepening the understanding of marine electronics
and their applications.

It's important to note that FIU was given a document at the start of the internship to guide the
FY24 research and development: RPP-SPEC-31604, “Functional Requirements and Technical
Design Criteria for the Solid Liquid Interface Monitoring System.” This specification served as a
foundation for the development effort.
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2. RESEARCH DESCRIPTION

Using the original sonar, FIU developed a mechanism, or gimbal, to orient the sonar to point
both upwards and downwards, allowing for a comprehensive analysis of the tank's contents from
multiple angles (see Figure 3). The gimbal enables the repositioning of the sonar to capture data
from different perspectives by allowing the sonar and a counterbalance to pivot around a fixed
point in a frame. This rotation is controlled by a chain that is moved by an air cylinder. SLIMS
was tested in various tank setups, ranging from a small 50-gallon tank (Figure 4) to a 20,000
gallon above ground swimming pool (figures 12,13,15), where sonar technology was used to
map the contents.

Figure 3 Sonar attached to the gimble

The sonar was mounted on the custom gimbal to scan the tanks from multiple angles, and the
data collected was processed using Python and the Open3D library to create 3D models. These
tools facilitated the post-processing of sonar data, transforming raw sonar outputs into clear, 3D
visualizations. By leveraging the capabilities of Open3D, models of the tank and its contents
were generated, providing valuable insights into the behavior and performance of the sonar
equipment. This combination of mechanical innovation and advanced data processing
significantly contributed to the success of the testing by accurately showing features that were
submerged inside a container in the analysis phase.

Initial tests involved scanning a 50-gallon tank (Figures 4 and 5) with various objects inside,
including rocks and bricks. The sonar settings, such as range and pulse duration, were adjusted to
optimize performance and accuracy. The setup involved the sonar being suspended from above
the 50-gallon tank and carefully lowered down using a hoist. The sonar scans provided detailed
imagery and data on how each object reflected sound waves, allowing to assess the accuracy and
resolution of the sonar in detecting and distinguishing between different materials and shapes.
These early experiments laid the groundwork for understanding the sonar's performance in more
complex and varied environments.
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Figure 4 Initial testing setup

Fgure 5 Objects inside 50-gallon Tank

After the initial tests, it was discovered that the sonar featured several adjustable settings, which
were detailed in the sonar's manual (see references). These settings included:

e Maximum Range Slider: This limited the radial coverage of the sonar, with a maximum
range of 10.0m, and could not be set to less than the Stop Depth.

o Start Depth: This specified the depth below the transducer where sampling started,
helping reduce multipath caused by proximity to the surface or other objects. The range
for this setting was from 0.2m to 5.0m.

o Stop Depth: This specified the depth below the transducer beyond which data was not
captured, working in conjunction with the Start Depth to reduce multipath. The limits

10
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were 0.5m to 10.0m, and it had to be at least 0.5m more than the Start Depth without
exceeding the Maximum Range setting.

e Color Scale: This determined how many meters were represented by the range of the
color palette, which could be adjusted during scanning to change the height
representation.

e Swath Arc: This set the arc swept by the sonar in 30-degree increments, defining the area
for data capture.

e Velocity of Sound: This allowed for compensation for the speed of sound in water to
improve accuracy, typically set to 1500 m/s but adjustable from 1400 to 1600 m/s.

e Transmit Pulse: This determined the acoustic transmit pulse duration, ranging from
10usec to 250usec, with shorter pulses offering higher resolution but less gain.

o Filter Window: This was used by the pulse echo detection routine to smooth data with a
rolling average, adjustable from 1 to 20.

o Detection Threshold: This specified the signal level at which the sonar would start
looking for an echo, adjustable from 10% to 90%.

By reading the manual and experimenting with these settings, optimization of the sonar's
performance for various testing scenarios was achieved, enhancing their understanding of how to
effectively use and adjust the equipment for accurate and detailed data collection (Figure 6).

Figure 6 Sonar Settings

By adjusting the settings, clear and detailed images from inside the 50-gallon tank were
generated (Figures 7 and 8). Through manipulation of the settings the sonar's performance was

11
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optimized. These refinements allowed for precise detection and differentiation of the objects
within the tank, including the rock, the brick attached to foam, and the plank of wood secured to
the side.

Figure 7 Scan of the 50-gallon tank

After completing the initial tests, it was decided to transition to a larger container to further
investigate the sonar's performance in larger bodies of water. It was decided to move to a larger
container after the results showing it was possible to identify submerged objects, but this being a
relatively small container did not demonstrate the sonar’s capabilities for containers of
considerable size. This new setup, featuring a container significantly larger than the initial 50-
gallon round yellow can (Figure 8), aimed to provide a deeper understanding of the sonar's
functionality and accuracy in more expansive environments.

The larger container allowed to employ the previously developed mechanism, which could orient
the sonar to point both upwards and downwards, now enhanced to perform scans at 90-degree
angles. In this tank more objects such as bricks, foam, a rock and a plank were added for the
sonar to map.

12
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Figure 8 New Tank Setup at CTF

13
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Figure 9 Sonar scan oriented at 90 degrees in rectangular tank
The scan in Figure 9 was made by pointing the transducer at a 90 degree (towards the walls).
Some features that can be observed in this scan are the bricks placed at the center and the profile
of the rock placed in the corner as well as portion of the wooden plank in the upper right corner.

Figure 10 Top View Scan of Medium-sized container
In Figure 10 a scan was taken by pointing the sonar down and placing it in the middle of the
tank. This scan produced a view of the bricks placed in the center of the tank as well as the top
profile of the wooden plank, however it skipped the remainder of the tank but outlined the walls
of the container. A similar result was obtained when doing the reconstruction using the open3d
software (Figure 11).An explanation for this behavior could be that due to the geometry of the
tank, when the sound waves hit the corners the bounce more time within the corners before
coming back to the sonar and therefore loose strength.

14
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Figure 11 Post Processed Image of Medium Sized container

After successful scans indicating that it was in fact possible to identify the features/outlines of
objects placed in the smaller tanks, the research moved to a larger, 30-foot-diameter pool.
Objects such as bricks and rods were placed inside the pool to test the sonar’s ability to map
larger environments. A foam simulant was used to represent the crust layer commonly found in
waste tanks. The objective remained the same: to utilize sonar technology to scan and recreate
the topology of the pool and the objects within it.

Figure 12 30ft diameter pool with objects for sonar detection

The sonar was mounted on the mechanism, which was then attached to an overhead crane at the
Atkins facility. This setup enabled the ability to maneuver the sonar to various points within the
pool (Figure 13).

15
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Figure 13 Sonar attached to crane above the 30ft diameter pool
To simulate the crust that forms at the surface of the waste foam was purchased to create a
multilayered surface for the sonar to detect in the upwards orientation. The foam was cut into
irregular patter and glued together to the bigger piece of foam as seen in Figure 14. Concrete
slabs and bricks were placed and secured at the top of the arraignment to submerge the patterns
and overcome the buoyancy force of the foam.

\

Figure 14 Multilayered foam crust simulant

16
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Figure 15 Crust Simulant setup

The tests conducted in the two smaller tanks were successful. High-resolution images of the
interiors of both tanks were generated and could clearly match each of the objects inside with the
corresponding sonar scans. This can be seen in Figures 7 and 9. This combined with a better
understanding of the settings yielded a roadmap for the work to be done in the 30 ft above
ground pool.

The first scan performed in the pool was conducted at its center as it was thought that only one
scan would be enough to scan the entire tank and would not be significantly closer to any object
with respect to another. The sonar parameters were fine-tuned to ensure optimal object detection
at a distance while minimizing noise. The Transmit Pulse was increased to enhance the gain for
detecting distant objects, and the Filter Window was adjusted to smooth the data and reduce
background noise. Additionally, the Detection Threshold was raised to filter out weaker signals,
and the Swath Step Size was fine-tuned for better angular resolution. These adjustments allowed
the system to effectively balance sensitivity and noise reduction during the sonar scans. They
provided sufficient gain to detect objects located at a distance from the system's position while
also filtering some data to reduce noise as much as possible. However, the first scans did not
meet the required standards. The first scans were not up to the standards established by the
previous setups as the image did not clearly show any of the objects that had been placed inside
the pool and the swath was not revealing the contours of the shapes placed inside the pool
(Figure 16 and 17).

17
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Figure 16 First Scan of Pool

There is a lot of noise in this scan and as it can be seen the scan did not adjust to the shape of the
pool, it was showing an incomplete picture missing the walls and many of the objects inside.
After many attempts at producing a good scan, irregularities with the sonar started to become
noticeable. It was decided to inspect the sonar using the software provided by the manufacturer.

Figure 17 Sonar Software Swath

18
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Figure 17 shows a swath view, this is the view that shows the 2D scans that the sonar uses to
create a 3D representation. Since the swath view was showing static rings, the manufacturer was
contacted. During the conversation with the manufacturers it was also discussed how there exist
aratio of 2 to 1 between the radial distance scanned and the distance between the floor and probe
end. It was also pointed out that the pins that the sonar uses to transmit data might not have been
in full contact with their terminal (Figure 18). In order to solve this issue, the cable was cut open
and each individual pin was re-connected directly to the inside of the electronics box. After
doing this the sonar became functional again and much better scans were made. On the next
section these results will be discussed and explained.

Figure 18 Complete set of pin connectors

19
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3. RESULTS AND ANALYSIS

Despite some initial difficulties, including sonar hardware issues, the tests produced detailed
maps of the pool and its contents. Rather than relying on a single scan in one location, multiple
scans were conducted in different sections of the tank to ensure comprehensive coverage. These
scans were used to generate the images in Figures 19 through 24. The software used for data
processing provided accurate measurements, proving the sonar system’s potential to effectively
map the solid-liquid interface.

Figure 19 Side View of Pool Tank Scan

Different views of the stitched scan reveal several features inside the tank that pertain to the
topology of the bottom, though not all details are perfectly clear. The varied perspectives provide
a sense of the contours and irregularities present on the tank's floor, highlighting subtle changes in
elevation and the distribution of objects or debris. While some of the features such as the brick
with the aluminum cylinder and two of the bricks placed are discernible, the clarity of the scan
leaves room for further refinement to enhance the resolution to the point where all the objects are
clear and don’t have clusters of points that do not belong to the object themselves as seen in Figure
19.

The top view shows two key features from the objects placed inside the tank. The first noticeable
one is the small rectangular figure with an empty center located at the left side of Figure 20 and
highlighted in Figure 21. This figure shows the configuration of four blocks placed inside the pool.
These are smaller than the rest of objects showing potential to scan small sized objects. Another
example is the small arch located to the lower right side of the rectangular figure as shown in

20
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Figure 20 and Figure 21. This arch was also made by placing small bricks into the arched
formation.

Figure 20 Top View of Pool Scan

Figure 21 Arc and rectangular features in scan

The software also provided a mesh topological map of the scanned surface (Figure 22 and Figure
23). However, this didn’t display anything that the previous point cloud scans had not revealed.
The features present here are the same in the previous figures. It does however include inaccurate
spikes of data showing peaks that are exaggerated as around the edges of the tank the mesh
should be flat and not have as many wrinkles.
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Figure 22 Pool floor mesh reconstruction

Figure 23 Peaks in mesh reconstruction

Another test to evaluate the consistency of the data was to see how the software performs when
taking measurements and comparing them to known dimensions. For this test the software was
used to measure the diameter of the pool after the five-point clouds were merged; these
measurements were no longer placed at the center. As shown in Figure 24 the diameter of the
pool was measured as 9263.266 mm in diameter. Converting this to feet it comes out to be 30.39
feet. This shows promising potential to accurately make measurements from the acquired sonar
data when compared to the pool’s actual diameter of 30 feet which yields an error of 1.3 percent.
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Figure 24 Software approximation of pool dimensions

This magnified side view of pool scan displays two important features inside the pool tank. The
first one is the brick with a trapezoidal shape. As seen in Figure 25 there is a good profile
representation of its shape, it includes sharp edges and consistent shape. The next is the hollow
aluminum cylinder on top of the brick. While the scan is not as clear as the brick it still shows
the general shape of the cylinder as well as its height.

Figure 25 Magnified side view of pool scan

23



FIU-ARC-2023-800013920-04C--004 SLIM

4. CONCLUSION

The work during the summer is a good indicator that, in concept, the use of a sonar probe to map
the bottom of a tank waste topography works. In the end, a map of the pool (the simulated tank)
was reconstructed with many features being displayed, demonstrating the potential for mapping
the topography of the tank. The ability to collect measurements of distance from the point cloud
also shows promise for developing methodologies to estimate the volume of settled waste at the
bottom of the tank, as well as the crust layer. The furthest distance measured was the wall to
wall, which is the diameter of the pool producing an error of only 1.3 percent.This research
demonstrates that sonar technology, potentially, can accurately map tank waste topography,
offering a reliable method for measuring sludge levels and crust layers. The ability to generate
3D models presents opportunities for improving waste management processes at the Hanford
site. However, improvements in sonar hardware and software are necessary to enhance the
system’s performance and data accuracy.

Lessons Learned

e Tank Dimensions and Design: The ratio of the tank width to the tank height plays a crucial
role in obtaining accurate measurements. In our setup, the tank has a 2:1 width-to-height ratio,
which should be needed in future designs or measurements to ensure consistency and reliability
of the data.

e Aging Sonar Probes: The current sonar probe's age (30 years) has caused numerous
troubleshooting issues. The frequent technical difficulties related to its outdated components
have hampered the data collection process. As a result, it would be beneficial to invest in a newer
sonar system to improve reliability and minimize downtime.

e Sonar Orientation: The orientation of the sonar is critical to the accuracy of the collected data.
We observed that altering the sonar's angle produces different ranges and resolutions of captured
data. This demonstrates the need for precise control over the sonar’s position to ensure consistent
data collection.

e Mechanism Controls: The current mechanism for positioning the sonar is not refined enough,
making it difficult to adjust the sonar to the desired orientation. Improving the control system to
allow smoother and more accurate positioning would enhance data collection and reduce the
time spent on adjustments.

e Software Library Limitations: The current software library, Open3D, does not meet the
necessary requirements for effectively manipulating sonar data and meshing multiple point
clouds together. We plan to switch to the PCL (Point Cloud Library) in the future, as it offers
more robust features for point cloud processing and is better suited for our application.

e Scanning Strategy: Rather than relying on a single scan in one location, conducting multiple
scans in different sections of the tank should be explored. This approach would likely result in
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more comprehensive data and a more accurate representation of the solids in the tank.
Implementing a multi-scan strategy will enhance the overall accuracy of volume measurements.
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fication of Solids in D5Ts

HAMFORD SITE TEDS ID: RTW-44
US DEFT OF ENERGY

Timetable: > 5 Years

TECHNOLOGY MEED

This technalogy could reduce the uncertainties and therefore conservatism used by current methods
that rely on localized |i.e., point) contract measurements of settled solids levels and sampling to
rmeasure suspended solids concentrations.

TECHNOLOGY SOLUTION

The suspended solids concentration changes waste characteristics (e.g., rhealogy, settling rate] and
systern performance (e_g., mixing, pipeline transfer]. Solids concentration is an Important parametar for
estimating slurry rheology and pipeline critical velocity, performing hindered settling calculations, and
developing waste acceptance criteria for direct-feed low-activity waste. Furthermore, more accurate
undissolved solids accounting enables the tank fanm contractor ta reliably rebalance tank contents,
rnaximizing the double-shell tank solids Inventory and freeing up space. Knowing where the solids are
predominantly located is also very Important. This information will be critical for modeling chemical
addition methods for out-of-specification wastes, and where chemicals should be added so they will not
milgrate to one side of the tank or the other. The Instrumentation allows tracking of Interface and
suspended solids concentration concurrently as a function of ime. Knowledge of ime to settle to a
desired level and concurrent supernatant concentration provides the ability to inifiate transfers whean
target decant conditions are attained, expaditing waste.

= Techn 30 Profiling Sonar & Controller
B lechno

THREATS AND OPPORTUNITIES

DSTIZ3-00M-T: DST Fallure

Contractar; John Zavicar DOE-ORP:  Erik Nelson
Phane: 1505) 372-1093 Phone: [509) 373-6299
Email: john_zavicar@rl.gov Email: Erik. MNelson@rl.doe gov
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