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EXECUTIVE SUMMARY

The principle objective of the project was to develop an acoustic probe for determining the
weight fraction of particles in a flowing suspension. The suspension can be solid-liquid (S-L) or
solid-gas-liquid (S-G-L). The work accomplished during the first three years of DOE funding
was devoted to the development of a rigorous theory for acoustic wave propagation through
solid-liquid (S-L) and solid-gas-liquid (S-G-L). In the first funding period we developed an
acoustic probe for S-G-L suspensions that has resulted in a theory, supported by our experiments,
to describe small amplitude acoustic wave propagations in dilute suspensions (Norato, 1999;
Spelt et al., 1999, 2001; Norato et al. 2002). The theory agrees well with experimental data of
sound attenuation over a wide range of particle sizes, frequencies, and weight percent solids. We
have also completed theoretical and experimental investigation on the effect of entrained gas
bubbles on the attenuation. This analysis permits us to determine the S-L weight percent in the
presence of bubbles.

The work accomplished during the second three years of DOE funding, including the no cost
time extension, was to develop and demonstrate the application of the acoustic monitor on a flow
loop through which a S-L and S-G-L suspension is flowing. Toward this objective a flow loop
was constructed at Syracuse University, the acoustic monitor was constructed and tested,
electronics and signal analysis software necessary to operate the monitor was developed, and
tests were conducted on the flow loop to demonstrate the capability of the monitor to measure
solids in S-L and S-G-L slurries in real time. The acoustic monitor is shown to have a rapid
response time of 0.5s. For S-L slurries measurements in-line over the range of 0.5 to 7.25 weight
percent, the percent average absolute relative deviation (AARD) is 11% for acoustic monitor
measurements plotted against in-line sample port measurements. These results are for ceramic
microspheres (G-800). Similar results were observed for kaolin-bentonite (KB) slurries where
an AARD of 5% was achieved for a comparison of solids weight percent in the range of 3.0 to
7.0 weight percent. The acoustic monitor and associated software also shows capability to
measure solids weight percent in S-G-L slurries of ceramic spheres and kaoline-bentonite.
Slurries of G-800 at about 1.0 solids weight percent can be measured at 3% AARD and slurries
of KB at about 7.0 solids weight percent can be measured at 4% AARD with gas concentrations
increasing from 0.005 to 0.1 volume percent in the flow loop. This project resulted in the
successful demonstration of the Syracuse Acoustic Monitor (SAM) to measure low
concentrations of solids in S-L and S-G-L slurries.

The results of this project have relevance to the DOE mission of mobilizing, transporting and
processing solid-liquid slurries by providing a reliable and safe monitor of solids concentration
in these slurries. Significant impact is expected for application as an accurate, safe and reliable
monitor which is non-invasive to quantify across site transfers of dilute and concentrated slurries
from storage tanks to processing facilities for high level waste treatment. Application is also
expected for process stream monitoring to concentrate solids in nuclear waste slurries
processing. A continuation project will demonstrate this latter application.
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7. FUTURE WORK

Future work is in progress to complete the project through support by Office of Science (BER),
U.S. Department of Energy, Grant No. DE-FG02-03ER63658. The proposed work includes:
refinement of the software for accurate and rapid data analysis of solid-liquid-gas slurries;
demonstration of the acoustic monitor for SRS surrogate slurries; development of a metal (or
ceramic) housing for the monitor; testing the redesigned unit under filtration operation; and
modification of the acoustic monitor to a more compact pulse-echo configuration for in-tank
placement.
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