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Objectives and BenefitsObjectives and BenefitsObjectives and Benefits
Objective

Physically characterize HLW properties at high 
concentration over a wide range of particle sizes

Particle size distribution (nm to mm)
Concentration
Agglomeration
Gelation

Benefits
Accurately characterize HLW at high concentrations

Avoids dilution
Saves cost due to lower volumes of waste to process
More accurate process control
Avoids pipeline clogging
Accelerates clean up
Beginning discussions with SRS
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Monodispersed and Polydispersed Particles
• Concentration 
• Size (nm to mm)
• Type of Material (Scattering strength)

Theoretical developments

Combined measurements
Design combined optical and ultrasonic system
Objective:
Online physical characterization of HLW
to accelerate clean up

Optical and Ultrasonic PlanOptical and Ultrasonic PlanOptical and Ultrasonic Plan
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Samples measuredSamples measuredSamples measured

Methodology development
Silica
Polystyrene
Well characterized slurry – attrition process

“Real” Specimens
AZ 101/102 Tank simulant
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Ultrasonic measurementsUltrasonic measurementsUltrasonic measurements
Attenuation and Velocity

Attenuation, Velocity

Transmitter/
Receiver 

Receiver for diffuse 
field and off axis 
backscattering
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Glass spheresGlass spheresGlass spheres

100 Micron Glass Beads in Water (1 MHz)
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BackscatteringBackscatteringBackscattering

35 um glass spheres 70 um glass spheres
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Ultrasonic Diffuse Field Ultrasonic Diffuse Field Ultrasonic Diffuse Field 
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Diffuse field decay rate vs. concentrationDiffuse field decay rate vs. concentrationDiffuse field decay rate vs. concentration
Ultrasonic Diffuse Field
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Regimes of Sound Propagation Regimes of Sound Propagation Regimes of Sound Propagation 

Viscous regime: Boundary layer surrounding 
the particle is thick compared to the particle 
radius.

Inertial regime: Boundary layer thickness is 
very small compared to the particle radius.

Multiple scattering regime: Particles are large 
compared to the wavelength of sound waves.

µα /22 fa∝

af /)( 2/1µα ∝

4f∝α



12

Mathematical DescriptionMathematical DescriptionMathematical Description

Allegra-Hawley Equations:
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Glass Beads in WaterGlass Beads in WaterGlass Beads in Water

100 Micron Glass Beads in Water (5% Vol. Fraction)
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Glass Beads in WaterGlass Beads in WaterGlass Beads in Water

100 Micron Glass Beads in Water (5% Vol. Fraction)
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Glass Beads in WaterGlass Beads in WaterGlass Beads in Water

Particle diameter = 100 Micron, Frequency = 1 MHz

100 Micron Glass Beads in Water (1 MHz)
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Characteristics of Attrition Samples
30%, 15%, 1% w/w

Characteristics of Attrition SamplesCharacteristics of Attrition Samples
30%, 15%, 1% 30%, 15%, 1% w/ww/w
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Methodology 
development
Follow dynamic process
Multiple scattering 
regimes
Known concentration
Known optical and 
acoustic properties
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Typical measurement of attenuation 
(energy loss)

Typical measurement of attenuation Typical measurement of attenuation 
(energy loss)(energy loss)
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Problems with attenuation Problems with attenuation Problems with attenuation 
Problem: Attenuation has problems determining 
particle size at high concentrations – multiple 
scattering
Solution:
Alternative interpretations

Frequency response is a function of particle size
Small particles Large particles
Viscous Inertial   Multiple scattering

Alternative measurements
Backscattering response and decay rate
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Ultrasonic response as a function of 
Particle size

Ultrasonic response as a function of Ultrasonic response as a function of 
Particle sizeParticle size

Ultrasonic Response at 30 wt% Vs. Particle Size
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AZ 101/102 tank simulantAZ 101/102 tank AZ 101/102 tank simulantsimulant
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Surrogate Slurry (Ultrasonic Diffuse Field 
Results)

Surrogate Slurry (Ultrasonic Diffuse Field Surrogate Slurry (Ultrasonic Diffuse Field 
Results)Results)
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Alumina subset of AZ 101/102 tank simulantAlumina subset of AZ 101/102 tank Alumina subset of AZ 101/102 tank simulantsimulant

Unexpected behavior – possibly indicates agglomeration
Consistent with optical results

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

0 1 2 3 4 5 6

Frequency (MHz)

A
tte

nu
at

io
n 

(n
ep

er
s/

cm
)

S11
C231
HIQ-10

0.25 um

14 um

0.003 um



24

UW Optical Team

Lloyd Burgess, Anatol Brodsky, Summer Randall

UW Optical TeamUW Optical Team

Lloyd Burgess, Lloyd Burgess, AnatolAnatol Brodsky, Summer RandallBrodsky, Summer Randall
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HP 8504A ReflectometerHP 8504A HP 8504A ReflectometerReflectometer
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Autocorrelator InstrumentAutocorrelator InstrumentAutocorrelator Instrument
Probe arm can be any length
Complex probe design
Software development for data analysis
PZT, No mechanically moving parts
Higher power sources
Required reference reflection for normalization

Splitter
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Scattering Materials
Liquids and Solids

Scattering MaterialsScattering Materials
Liquids and SolidsLiquids and Solids
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1% Polystyrene Nanospheres
Below, At, and Above the Wavelength

1% Polystyrene Nanospheres1% Polystyrene Nanospheres
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AZ 101/102 tank simulantAZ 101/102 tank AZ 101/102 tank simulantsimulant
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30% w/w Surrogate Alumina Series 
AZ 101/102

30% 30% w/ww/w Surrogate Alumina Series Surrogate Alumina Series 
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7.5 µm Surrogate Alumina Series 
AZ 101/102

7.5 7.5 µµmm Surrogate Alumina Series Surrogate Alumina Series 
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DOE Surrogates--Alumina 
30% w/w Polydispersed

DOE SurrogatesDOE Surrogates----Alumina Alumina 
30% 30% w/ww/w PolydispersedPolydispersed
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DOE Surrogates--Alumina 
30% w/w Polydispersed

DOE SurrogatesDOE Surrogates----Alumina Alumina 
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Particle Size  >> λalumina
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Characteristics of Attrition Samples
30%, 15%, 1% w/w

Characteristics of Attrition SamplesCharacteristics of Attrition Samples
30%, 15%, 1% 30%, 15%, 1% w/ww/w
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Methodology 
development
Follow dynamic process
Multiple scattering 
regimes
Known concentration
Known optical and 
acoustic properties
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OLCR Multiple Scattering TheoryOLCR Multiple Scattering TheoryOLCR Multiple Scattering Theory
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ConclusionsConclusionsConclusions

Developing the science base to characterize HLW to benefit the 
cleanup program - tank and pipeline applications

Particle size
High Concentration 
Agglomeration
Gelation

Benefits of combined measurements
Complimentary information
Large particle size range
Rapid measurements
On-line configurations
Large Penetration
High concentration
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Path forwardPath forwardPath forward

Continued Methodology Development
Continue Theoretical development
Regime characterization -- Monodispersed
Further bimodal and polydispersed studies

Experimentation and Theory, Phase Transitions
Dynamic Systems

Agglomeration and gelation of simulant
Synergistic measurements
Continue discussions with sites (SRS, Hanford, etc.)
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Ultrasonic Diffraction Grating

 

Ultrasonic Diffraction Grating

Synergism between EMSP Projects for HLW Clean up

Greenwood – Burgess EMSP 

UDGS (PNNL)

Burgess – Panetta EMSP  

Electronics

Ultrasonics 
(PNNL)

HLW Waste 
Characterization

OLCR (UW) GLRS (UW)


