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Science is a team sport
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The Central Argument

My goal is to convince you that...
1. Experiments at large sizes are 

sometimes necessary
2. Large-scale experiments are 

challenging
3. Creative multi-disciplinary 

teams can overcome the 
challenges

4. Testing at large scale is lots of 
fun!
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Things on the Hanford site are BIG
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Hanford Double Shell Tanks
75 ft in diameter

Maximum depth of 454 in (~38 ft)
1,000,000-gallon capacity
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Things on the Hanford site are BIG
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Waste Treatment Plant (WTP) site

~550 ft
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Things on the Hanford site are BIG
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Process vessels for WTP facility
Melter unit for WTP LAW facility

Ion exchange column 
for TSCR

Largest in the world (20’ × 30’ × 16’)

Even modest-sized 
equipment is fairly large

TSCR IX column (right panel): 
3.5 ft diameter

7.5 ft tall
~1300 lbs of media
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Testing with Waste is Best…However…
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Hot cells at PNNL in Radiochemical Processing Laboratory

Limited in size and waste sample availability!
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Why Do We Want to Scale?
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Actual waste data
Small size

Limited amount
Expensive

Hanford system
Large size
Expensive

Needs to be safe, reliable
Difficult to modify

Scaled test system
Allows collection of sufficient data
Preserves important mechanisms

Test variations
Inexpensive

V = 0.01 L
D = 1 cm

~1 L
2.5 cm

600 L
106 cm

Ion 
exchange 
example
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Sidebar: Enter Simulants
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Simulants are intended to “represent” the waste 
without the radiological hazard

Enable scaled testing to achieve its intent → 
performance-based development

For successful use: 
• Firm grasp of Hanford waste
• Good characterization information
• Understand what is important

Major limitation: real waste history cannot be 
duplicated (radiation, recombination, aging)
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How Do We Scale (Typically)?
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Premise of scaling: valuable source of additional information

More nuanced than selecting sizes that are “in-between”

Configuring test systems that:
• Hold relevant parameters 

constant (similarity)
• Match operational elements 

of the full-scale system 
(prototypic)

• Prioritizing the key 
parameters → hard choices

1 2

1 2

Q QJ
A A

= =

Filtration example
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Three “Real-Life” Examples

PP Schonewill                                                                                                         January 12, 2021

1) Spray Aerosols Generated in Proposed Nuclear 
Facility Accident 

[Spray Release]

2) Supplemental Mixing in a Waste Treatment 
Plant Vessel 

[Airlift Circulator]

3) Flammable Gas Retention and Release in 
Sludge Waste 

[Tall Column]

Bird’s Eye View
The Problem
What’s Important
Sense of Scale
Fun Stuff
What We Learned
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Example 1: Spray Release
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Slurry
Particles

Breach in Wall

Aerosol
Droplets

Pipe Wall

• Nuclear facility, e.g., WTP
• Flowing fluid in a 

pressurized pipe
• Postulated failure in pipe

 Crack, breach, pinhole, etc.
 Of sufficient size to generate 

a spray

• Spray generates aerosol, 
which is a hazard

• Uncertain if available 
information was 
comprehensive
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Spray Release: What’s Important?
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• Spray releases involve complex physics
 Function of pressure, breach geometry, fluid and particle parameters
 Transition from bulk spray to individual aerosol extremely chaotic
 In addition, aerosol measurements are challenging to make and 

interpret
 Unclear that spray “behavior” from smaller scales could be used to 

predict

• PNNL test system designed to have full-scale aspects:
 Aerosol drop-out is hard to scale
 Breach size (based on 3-in pipe)
 Variable distance to impact

Spray

Splatter and 
Loss from
Impact

Small Blower

Return Flow
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Spray Release: Method
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Below 10 microns

Below 20 microns

Initial Slope

By this method, well over 1,000 tests were performed:
• Several different simulant fluids
• Tested an entire range of breaches (round and 

rectangular)
• Tested a range of spray lengths/chamber sizes

Breaches in pipe

Spray in Chamber Laser Diffraction Aerosol 
Measurement
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Spray Release: Testing Scale
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40 ft

View towards the chamber front 
(from the star shown at left)

Spool with breach

Laser diffraction aerosol instrument
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Spray Release: Images
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Spray Release: Spray Video

PP Schonewill                                                                                                         January 12, 2021



18

Spray Release: What We Learned
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Correlation for Upper Confidence Interval of Generation Rate, m3s-1

39 Ft Chamber
30 Ft Chamber
20 Ft Chamber
10 ft Chamber
100 Ft Extrapolation

Water In-Chamber Results (10 - 74 µm)
Upper 95% Confidence Interval
2, 1x10, 1x20, 1x76 mm orifices
10, 20, 30, 39 ft Chambers  & 100 ft Extrapolation
100, 200, 380 psig

( )16 0.79 2.2 2.43.3 10C s pGR A P d−= ×

Adjust leading coefficient to bound all data above:

PNNL-developed correlation (at right) 
recommended for use by Department 
of Energy in 2019 technical report
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Example 2: Airlift Circulator Study
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Does an Airlift Circulator (ALC) provide adequate supplemental mixing in a vessel?

ALC needed to be effective for both Newtonian and non-Newtonian fluids.
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ALC: What’s Important?
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• ALC mixing had two focus areas
 Lifting solid particles in Newtonian fluid (water)
 Yielding regions of non-Newtonian fluid (clay slurry)

• Opportunity to influence mixing design choice was 
time-sensitive

• Direct comparison with WTP test vessel could 
expedite decision-making

• Therefore, PNNL test system used a full diameter
 Benchmark against historical Hanford data
 Dynamic similarity is hard to achieve
 Solid particles have limitations for scale
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ALC: Method
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Newtonian (water) particle lifting

Non-Newtonian (clay slurry) mobilization testing
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ALC: Testing Scale
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8-ft test vessel with scaffolding
When full, nearly 3,000 gallons

Looking into empty vessel

Airlift circulator assembly
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ALC: Lifting Solids in Newtonian Fluid
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ALC: Mobilizing Non-Newtonian Fluid
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ALC: What We Learned
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ALC can lift particles like pea gravel 
(~6 mm) with only modest air input 
(<20 cfm)

ALC can yield most of the top part of 
the vessel, with slightly higher air 
requirement (~30 cfm)

Modifications, like pulsing the air 
flow, are more effective for the non-
Newtonian case

Promising potential WTP vessel 
alternative (low air usage)

“Sampling” clay simulant

Collapse of data with different ALC 
configurations 
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Example 3: Tall Column
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Liquid

Double-Shell Tank

dmax

• Flammable gas is an important hazard in 
the Hanford tank farm

• Gas (primarily H2) is continuously 
generated due to the presence of radiation

• Small amounts of gas bubbles are retained 
in the waste during day-to-day operations

• Concern arose that gas retention in a DST 
could lead to a deep sludge gas release 
event

• Relevant literature supported the concern, 
but no direct measurements in “Hanford-
like” scenarios had been made

• Operations halted until concern was 
addressed
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Tall Column: What’s Important?
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Retention of flammable gas in waste is based on shear strength and 
the material load as a function of height

Smaller diameter columns can support bubbles that span the entire 
cross-section

Therefore, PNNL test system used a full DST height column, i.e., the 
“tall column”
• Safety concern directly related to depth of waste
• Theoretical prediction based on fluid weight (density, gravity)
• Large enough diameter needed to minimize risk of unhelpful test

𝑑𝑑𝑚𝑚𝑚𝑚𝑚𝑚 =
𝑐𝑐𝑢𝑢 1 + 𝑒𝑒

𝐾𝐾0 𝜌𝜌𝑠𝑠 − 𝜌𝜌𝑤𝑤 𝑔𝑔
1 + ln

𝑟𝑟02 − 𝑑𝑑𝑓𝑓2

𝑑𝑑𝑓𝑓2
+ ln

𝐸𝐸
2𝑐𝑐𝑢𝑢 1 + 𝜈𝜈

𝑌𝑌𝐺𝐺 =
𝜏𝜏𝑠𝑠

𝜌𝜌𝑠𝑠𝑔𝑔𝑔𝑔

5 ft

45 ft

Tall column size
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Tall Column: Method
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Grow Bubbles
to Steady State Void

Measure Void as a Function of 
Height

Good Bad

Void does not 
Increase

with Depth

Deep Portion
Increases to
Higher Void

dmax ?

Camera
Column

Water

Kaolin

N2
Purge Vent
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Tall Column: Testing Scale
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Tall Column: Executing The Test
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Tall Column: Measuring Gas Void in the Column
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Void by image analysis Void by feature tracking Void by ultrasonic attenuation
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Tall Column: What We Learned
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• Gas generated within the clay simulant 
was transported from the lowest elevations 
to the surface

• Differences in bubble density and 
morphology were not observed between 
various elevations in the column

• All the empirical evidence suggests the 
dmax theory does not accurately describe 
the gas retention behavior

• Testing supplied Hanford with evidence to 
justify adding more waste to DSTs
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Summary
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Testing with simulants to 
support Hanford operations 
is necessary
Some problems require 
testing at large scale to get 
answers
Testing at large scales is 
difficult, but also 
collaborative and fun
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