




Critical Velocity
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Critical velocity is one of the most significant WTP
acceptance parameters identified in ICD-19
Currently only theoretically estimated and not measured

Analytical Measurement Theoretical Estimate

Constant

From RPP-5346





PulseEcho Ultrasound (PE)

Detects onset of settling by 
measuring ultrasound signal 
amplitude modulation 
caused by particle 
movement
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Ultrasonic Doppler Velocimetry
(UDV)

Detects onset of settling by 
measuring velocity of 
particles within the pipe 
cross-section
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Ultrasonic Attenuation (UA)

Detects onset of settling by 
measuring the attenuation 
of the ultrasonic signal in 
the pipe cross-section
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PNNL’s MTE Loop, contd.
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Instrument Spool Piece
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Exp. Approach – Ucrit with Ref. 
Methods
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High Resolution Video ΔP Measurement



Flow Observed Regimes Near Critical 
Velocity
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Regime I – Chaotic Motion

Regime II – Focused Axial Motion

Regime III - Pulsating Bed



Ucrit Using High Resolution Video
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Bimodal distribution with 65 and 170 µm, 2.5 g/cm3 particles @ 4.0 ft/s




Ucrit Using High Resolution Video
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Bimodal distribution with 65 and 170 µm, 2.5 g/cm3 particles @ 3.2 ft/s




Exp. Approach - Ucrit With PE
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Variance 
Threshold



Exp. Approach – Ucrit With UDV
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Indication of Settling and 
Solids Build-up



Exp. Approach – Ucrit With UA
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Indication of Settling



Results
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Newtonian Simulant Tests
Test Exp. Ucrit PE UDV UA

1 2.4 2.4 2.4 N/A
2 2.55 2.65 2.65 N/A
3 4.2 4.1 4.3 5.0
4 3.3 3.3 3.3 4.5
5 4.0 4.1 4.1 4.2
6 3.9 3.9 4.1 4.1
7 2.7 3 2.8 2.4
8 2.35 2.35 2.35 2.1
9 3.1 3.5 3 3.0

10 4.1 4.5 4.1 4.1
11 3.8 4.1 3.8 3.6
12 2.7 ~2.6 >2.0 & < 2.5 2.6
13 4.6 4.9 >4.0 & <4.6 4.3
25 3.7 4 3.8 & 3.9 N/A



Results, Contd.
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Non-Newtonian Simulant Tests
Test Exp. Ucrit PE UDV UA

15 2.1-2.3 2.1 2.1 N/A

16 2.6-3.0 3.2 3.2 N/A

17 3.6 4.1 3.6 4.2

18 3.0 3.3 3 2.8

19 0.2 0.5 1 0.4

20 <1.0 1.5 1.5 1.2

21 3.1-3.3 3.2 3.1 & 3.2 2.8

22 3.1-3.3 3.3 3.3 3.3

23 3.6-3.8 3.9 3.9 4.4

24 4.1-4.7 4.3 4.6 4.4



Conclusions

The performance of three ultrasonic instruments was evaluated for 
applicability to detect critical velocity during Hanford waste transfers

Pulse Echo and UDV systems performed exceptionally well

In most cases the measured Ucrit is within ±0.1 ft/sec of the 
experimentally determined values

Ultrasonic Attenuation system performance was good but 
interpretation of data was difficult

Both PE and UDV are recommended for further evaluation and 
consideration for field deployment

PE system is the preferred because of simplicity of design but 
can yield false indications at low concentration of solids (i.e.
concentration of solids in detectable size range of > 50 µm)

UDV system is not limited by solids concentration but requires 
additional design features as the sensor installation requires 
breaching the pipe

22



Acknowledgements

PNNL Key Contributors

• Kayte Denslow (PE)

• Gerald Morgen (UDV)

• Margaret Greenwood (UA)

• Harold Adkins

• Jeromy Jenks

• Carolyn Burns

• Phil Schonewill

WRPS

 Mike Thien

 Ted Wooley

23



QUESTIONS?
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UA Data
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PE Data at Moderate Concentrations of 
Particles > 50 µm
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PE Data at Moderate Concentrations of 
Particles > 50 µm
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