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Presenter Notes
Presentation Notes
Introductory slide, I’ll introduce myself, probably pretty brief idk idk



Overview

• The Savannah River Site’s H-Canyon facility has been tasked with 
accelerating the disposition of used research reactor fuels.

• Future missions will involve dissolution of “Non-Aluminum” clad fuels 
– not easily dissolved  
– Nitric acid is not capable of dissolving stainless steel, Zirconium, and 

Hastelloy, clad fuels by itself
• The electrolytic dissolver has been (re) selected as a disposition path for 

these fuels.
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Presenter Notes
Presentation Notes
I would love to mention that one type of fuel is from research reactors in Japan (its ok) – that fuel does NOT have Zr in it! (no issues yet!)

Tbh this is the slide I am the least sure about, I’ll do some research and figure out how to explain this within the context of the paper



Project Introduction

• 6.3D is the dissolver tank designed to dissolve ‘NA-SNF’ 
through electrolytic dissolution.

• Zr clad fuel is the concern, with ‘sludge’ creation 
happening historically for Zr fuels. 

• The tank is approximately 8 ft. tall with an 8 ft. diameter.
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Presenter Notes
Presentation Notes
There is some fuel that cannot be dissolved in a normal dissolver (6.1 and 6.4) 6.3 is an electrolytic dissolver and can dissolve stainless steel. 

NASNF -- Non aluminum spent nuclear fuels

I took out the mention of ZRSST since I couldn’t find anywhere what it stands for and it seems irrelevant to the story anyways. (OK THANKS)



Inputs and Assumptions

From Savannah River National Laboratory Literature Review:
• 85% of the zirconium is converted to an oxide resulting in about 

0.33 gallons of sludge settling to the tank bottom per kilogram of 
zirconium dissolved.

• Reports from the 1960s show a 7% holdup of uranium in the 
sludge, but further rinsing the sludge reduces this to 0.5%. 

• 40kg of U-235 per batch is the conservative maximum, 
    assuming 40 kg of beginning of life U-235 fuel.
• Use only pre-defined “Campaign 1” fuels.
Evaluate the k-effective and feasibility for these scenarios.
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Presenter Notes
Presentation Notes
Go through project parameters, briefly talk about each one

In reality, there is less U-235 since different reactors use up different amounts of BOL (beginning of life) fuel, 40 kg is conservative absolute maximum. Usually, only like half is actually left



Project Setup

• One 40kg U-235 batch will be initially evaluated.
– Vary the percentages of uranium holdup.

• Three different geometries representing potential 
sludge buildup.
– Actual sludge geometry is unknown.

• Assume 95% U-235 enrichment (conservative)
• Bulk solution is uranyl nitrate.
• SCALE 6.1 will be used for all calculations.

– ENDF-VII 238 cross-section library.
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Bulk solution

Sludge

Stainless steel

Presenter Notes
Presentation Notes
Talk a little bit about why we don’t know the exact shape of the sludge collection (because of density, angle of repose, if it sticks to the sides of the tank, etc.)

Briefly talk about SCALE 6.1 (Monte-Carlo code, developed by Oak Ridge, KENO-VI illustrations, Evaluated Nuclear Data Files cross-section library, 1,000 generations, each with 10,000 particles, etc.)



Material Compositions
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Material SCALE 6.1 Composition Title Density 
(g/cc) Purpose in Model

Stainless steel ss304 7.94 Vessel material

Sludge wtptsludge Dependent on 
holdup Byproduct of dissolving

Uranyl Nitrate 
(bulk solution) SCALE 6.1 Composition Title Number Density 

(g/cc) Purpose in Model

U-235 u-235 1.458E-5 Byproduct of dissolving

Hydrogen h 0.054 Byproduct of dissolving

Nitrogen n 0.004 Byproduct of dissolving

Oxygen o 0.036 Byproduct of dissolving

Presenter Notes
Presentation Notes
Starting materials that will be modeled, all inputs into SCALE 6.1 material cards, some important information, this was partially user-inputted, but some of these values were programmed into SCALE 6.1.

Quick slide



Hold Up Percentages
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All of 
Campaign 1

Dissolved 
zirconium 

(kg)

Starting 
uranium (kg)

Uranium in 
sludge (kg)

U-235 in 
sludge (kg)

Total mass 
(kg)

Total 
volume 
(liters)

Density 
(g/cc)

7% Uranium   
Holdup 1,607.00 12,917.00 904.19 858.98 2,748.33 2,027.73 1.36

0.5% Uranium 
Holdup 1,607.00 12,917.00 64.59 61.36 1,908.73 2,027.73 0.94

• Rinsing = reducing the uranium holdup by using a dilute acid spray and agitating the sludge mixture.
– The holdup for unrinsed sludge is typically 7%, but it can be reduced to 0.5% by rinsing.
– However, some reports showed even higher losses of uranium to sludge (60% or higher).

Presenter Notes
Presentation Notes
Math/chemistry to get these values given the literature review information. These densities were used in SCALE 6.1 material cards

IF anyone asks (do NOT bring up otherwise): 
The Zr sludge would be closer to 6 g/L in density, but these calculations are based on the literature review inputs, and these densities are dependent on the uranium, which was the focus.

NOTE: we could have included the other constituents that were part of the sludge or included more Zr. BUT this would have increased the poisoning effect of the sludge, so we kept with an artificial material.



Percentage vs. Batch Size
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40kg U-235 
batch

Dissolved 
zirconium (kg)

Starting 
uranium (kg)

Uranium in 
sludge (kg)

U-235 in 
sludge (kg)

Total mass 
(kg)

Total volume 
(liters)

Density 
(g/cc)

7% Uranium 
Holdup 4.98 40.00 2.80 2.66 8.51 6.28 1.36

0.5% 
Uranium 
Holdup

4.98 40.00 0.20 0.19 5.91 6.28 0.94

• Holdup percent directly impacts the density and fissile mass.
– The volume stays the same as holdup increases. 
– Volume is only dependent on the batch size (dissolved zirconium) and not the holdup 

percentage of uranium.

Presenter Notes
Presentation Notes
Note how densities remain the same from the last slide. This is because mass and volume are changing proportionally with each other, resulting in a consistent density between each batch size.



Campaign 1 and 40kg Batch K-effective
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Cone K-eff Cylinder K-eff Hemisphere K-eff

Campaign 1 7% holdup 0.8510 ± 0.00025 0.7040 ± 0.00029 0.8706 ± 0.00026

Campaign 1 0.5% holdup 0.7665 ± 0.00029 0.6316 ± 0.00018 0.7850 ± 0.00027

40kg U-235 batch 7% 
holdup 0.5667 ± 0.00004 0.5668 ± 0.00004 0.5668 ± 0.00005

40kg U-235 batch 0.5% 
holdup 0.5667 ± 0.00004 0.5667 ± 0.00004 0.5667 ± 0.00004

Presenter Notes
Presentation Notes
Fixed sig figs (I think)

Go over three different shapes again to emphasize why this is our approach.

Top two rows are approaching critical, but keep in mind we would not be dissolving all of Campaign 1 at once. The bottom two rows are more practical and important. Photos coming soon to show the actual size of the 40kg batches.



Campaign 1 and 40kg Batch K-effective
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Cone K-eff Cylinder K-eff Hemisphere K-eff

Campaign 1 60% holdup 1.4680 ± 0.00012 1.2248 ± 0.00010 1.49890 ± 0.00010

Campaign 1 100% holdup 1.6852 ± 0.00011 1.4818 ± 0.00010 1.70635 ± 0.00011

40kg U-235 batch 60% 
holdup 0.5668 ± 0.00003 0.5669 ± 0.00003 0.5734 ± 0.00008

40kg U-235 batch 100% 
holdup 0.5668 ± 0.00003 0.5669 ± 0.00003 0.6336 ± 0.00010

Presenter Notes
Presentation Notes
Same here, top two rows wouldn’t be an issue but are interesting to consider. Bottom two rows are more important, notice how the criticality doesn’t really change between hold up percentages for 40kg batches.



Realistic Visualization For 40kg Batch
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Bulk solution

Sludge

Stainless steel

Presenter Notes
Presentation Notes
Nice pictures, KENO-VI, bulk solution is hidden in first two to clearly see sludge.

From left to right: cone, cylinder, hemisphere.



Filling Up the Entire Tank With Sludge
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Material Cone Cylinder Hemisphere

Dissolved zirconium (kg) 3,008.00 9,024.30 3,008.00

Uranium (kg) 1,692.47 5,077.58 1,692.47

U-235 (kg) 1,607.85 4,823.70 1,607.85

Total volume (liters) 3,795.52 11,386.90 3,795.52

K-eff of 7% holdup 0.9700 ± 0.00027 0.9181 ± 0.00026 0.9263 ± 0.00025

K-eff of 60% holdup 1.6237 ± 0.00034 1.7685 ± 0.00032 1.6105 ± 0.00036

Presenter Notes
Presentation Notes
Just speak to the 1.87 times Campaign 1 Volume. This would never ever ever happen in real life, just experimenting.

Talk to the cone having higher keff implies the bulk solution mixed with sludge is worse than sludge by itself




Filling Up the Entire Tank (1.87 times Campaign 1 Volume)
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Bulk solution

Sludge

Stainless steel

Presenter Notes
Presentation Notes
Pictures of filling up the whole tank, no bulk solution with maxed out dimensions for cylinder, this results in an extra high criticality.



Results
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The results indicate that:
• Criticality should not be a concern for 40kg batch sizes at any 

holdup percentage.
– Even at 100% holdup, k-effective  ≈ 0.64 for the least conservative 

model.
• The entire tank could be filled with sludge at the predicted 7% 

holdup, and it still would remain subcritical.
– This is 1.87 times the total amount for Campaign 1.

• If all of campaign 1 was dissolved at or below 19.16% holdup as a 
single batch, there should not be a criticality concern.
– This would go against procedure anyways.
– Rinsing/washing and batch processing further mitigates any risk.

Presenter Notes
Presentation Notes
Say something funny like “hey im just an intern” if you feel the crowd is into it.

Nathan I don’t think I’m funny enough to pull this off unfortunately  I’ll probably just summarize some stuff idk dfgkjhdfgjkdfhgkdfk



Future Work
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• Evaluate the number of batches - How many batches remain subcritical?
• Evaluation of sludge washing procedures/upsets
• Other modeling options geometries (angle of repose?)
• Mixing the sludge with the bulk solution at different amounts
• Vary the uranyl nitrate uranium concentration in the bulk solution

Presenter Notes
Presentation Notes
At the time of paper washing was unknown, now we plan to basically transfer as much as we can to a dump tank

Angle of Repose - It has to do with how the sludge would pile up relative to the surface of the bottom of the tank. My guess is that it would be medium steepness since the sludge is probably liquid-y but also heavy. But I don’t know. 
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Presenter Notes
Presentation Notes
What an interesting slide 
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Presenter Notes
Presentation Notes
Hopefully these pictures aren’t too embarrassing

Your call to include or just talk about the program or nothing 

ahhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhhh
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Questions??

Presenter Notes
Presentation Notes
If anyone asks anything technical now would be the time to run out of the room



19

Presenter Notes
Presentation Notes
Isn’t SRNS changing its name soon or something
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