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' Outline

"b Objectives and benefits
’ » Ultrasonic measurements and theory
» Optical measurements and theory

» Conclusions
» Path forward



Objectives and Benefits

jective

Physically characterize HLW properties at high
concentration over a wide range of particle sizes
e Particle size distribution (nm to mm)

e Concentration

e Agglomeration

e 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



' Optical and Ultrasonic Plan

Mnodlspersed 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
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e
' Samples measured

Methodology development
’ » Silica
» Polystyrene
®» Well characterized slurry — attrition process

“Real” Specimens
> AZ 101/102 Tank simulant
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' Ultrasonic measurements
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' Backscattering
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iffuse field decay rate vs. concentration

Ultrasonic Diffuse Field
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' Regimes of Sound Propagation

/

» Viscous regime: Boundary Ia%/er surrounding
th(ej_partlcle IS thick compared to the particle
radius.

aca f’/u

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

o (4f)'”/a

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

aocf4

11



TS
' Mathematical Description

"b Allegra-Hawley Equations:

Wave equation H > ‘

Liquid Solid

v==V(4, +¢,)+VxA4

(V2 + k2)¢ =0 Compressional
(V*+k’)g =0  Thermal

(vz + kf);l =0 Shear
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Glass Beads in Water
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Glass Beads in Water

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

100 Micron Glass Beads in Water (1 MHz)
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yﬁracteristics of Attrition Samples

e 4
' Time Point (hr) Particle Size (um)
0 39.270
’ 1 25.500
2 3.263
4 0.731
6 0.438
8 0.369
10 0.232
12 0.228
14 0.199
16 0.158

30%, 15%, 1% wiw

» Methodology
development

» Follow dynamic process

» Multiple scattering
regimes

» Known concentration

» Known optical and
acoustic properties

16



#/pical measurement of attenuation
(energy loss)
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Problems at high concentration
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' Problems with attenuation

® Problem: Attenuation has problems determining
particle size at high concentrations — multiple

scattering
» Solution:

Alternative interpretations
e Frequency response is a function of particle size

e Small particles ==y | arge particles
Viscous Inertial Multiple scattering

Alternative measurements
e Backscattering response and decay rate

18



Wtrasonic response as a function of
Particle size
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AZ 101/102 tank simulant

Table 8.1. Inactive AZ-101/102 Filtration Simulant Composition

Bearing: Wi % | Mineral Phase - | pywder Grade . . o . 1 (Distribution) | Wt %
Iron Oxide No: 07-5001 22 um 17.400
Iron sg Hematite Red Imlil Oxide No: 07-3752 2-3 um 20,000
Synthetic Red Iron Oxide No: 07- 0.6 um 11,600
Beohmite Hi}-10 Alumina 0.0028-0.004 Lm 7.200
C-231 Ground White Hydrate 14 um (broad) £.400
Aluminum 24 Gibbsite SpaceRite 5-23 Alumina 7.5 pum (broad) 3,040
SpaceRite 5-11 Alumina 0.25 NATTOW 3.360
ibbsite’Heohmite Katio: 2,
: . Zirconium Zirconium Hydroxide; Product Code: 15 pm 13.000
Zirconium 13 Hydroxide FZ0922/01
Silicon 3 Nepheline Spectrum A 400 Nepheline Syenite 10 um 5.000
Supermatant Components . - . A C o 0L o T e v
Component Concentrafion (M) Concentration (g/L)
NaOH 0.8 32
MaM05 1.0 g5
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Wrasonic Attenuation (Surrogate Slurry)
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Wrrogate Slurry (Ultrasonic Diffuse Field
Results)
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Wa subset of AZ 101/102 tank simulant
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UW Optical Team

Lloyd Burgess, Anatol Brodsky, Summer Randall



HP 8504A Reflectometer
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Autocorrelator Instrument

== B 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
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=5~  Particle Size << A
1% Monodispersed Polystyrene Nanospheres

| |
Relationship Between Maximum Signal and
Particle Size
100 nm
-5 5 N = 13

-60 | 60 nm

Log Max Signal =0.31372 *(Log Radius Cubed)- 0.14057
R*=0.98141
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1% Polystyrene Nanospheres
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AZ 101/102 tank simulant

Table 8.1. Inactive AZ-101/102 Filtration Simulant Composition

Bearing: Wi % | Mineral Phase - | pywder Grade . . o . 1 (Distribution) | Wt %
Iron Oxide No: 07-5001 22 um 17.400
Iron sg Hematite Red Imlil Oxide No: 07-3752 2-3 um 20,000
Synthetic Red Iron Oxide No: 07- 0.6 um 11,600
Beohmite Hi}-10 Alumina 0.0028-0.004 Lm 7.200
C-231 Ground White Hydrate 14 um (broad) £.400
Aluminum 24 Gibbsite SpaceRite 5-23 Alumina 7.5 pum (broad) 3,040
SpaceRite 5-11 Alumina 0.25 NATTOW 3.360
ibbsite’Heohmite Katio: 2,
: . Zirconium Zirconium Hydroxide; Product Code: 15 pm 13.000
Zirconium 13 Hydroxide FZ0922/01
Silicon 3 Nepheline Spectrum A 400 Nepheline Syenite 10 um 5.000
Supermatant Components . - . A C o 0L o T e v
Component Concentrafion (M) Concentration (g/L)
NaOH 0.8 32
MaM05 1.0 g5
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Reflectance (dB)
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Reflectance (dB)

7.5 um Surrogate Alumina Series
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Reflectance (dB)

DOE Surrogates--Alumina

30% w/w Polydispersed
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Reflectance (dB)

DOE Surrogates--Alumina

30% w/w Polydispersed
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' DOE Surrogates--Alumina
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yﬁracteristics of Attrition Samples

e 4
' Time Point (hr) Particle Size (um)
0 39.270
’ 1 25.500
2 3.263
4 0.731
6 0.438
8 0.369
10 0.232
12 0.228
14 0.199
16 0.158

30%, 15%, 1% wiw

» Methodology
development

» Follow dynamic process

» Multiple scattering
regimes

» Known concentration

» Known optical and
acoustic properties
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' Attrition Mill Monitoring with OLCR
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VAT
' Conclusions

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

e Particle size

e High Concentration
e Agglomeration

e Gelation

» Benefits of combined measurements
Complimentary information

Large particle size range

Rapid measurements

On-line configurations

Large Penetration

High concentration

41



e
' Path forward

Continued Methodology Development
Continue Theoretical development
’ Regime characterization -- Monodispersed

Further bimodal and polydispersed studies
e Experimentation and Theory, Phase Transitions

Dynamic Systems
e Agglomeration and gelation of simulant

» Synergistic measurements
» Continue discussions with sites (SRS, Hanford, etc.)

vvyy'

4
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#gism between EMSP Projects for HLW Clean up
Burgess — Panetta EMSP Greenwood — Burgess EMSP

T 4
OLCR (UW) GLRS (UW)
-
I HLW Waste
Characterization
Ultrasonics
(PNNL)

<
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