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« As part of commercial dry storage operations at control assembly
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Objective

« There is a need for validation-quality data for
commercial drying processes.

« A scaled experiment incorporating well-controlled
boundary conditions and relevant physical
processes can supplement existing field data.

* An exploratory small-scale test was designed to
generate time-dependent data on temperature,
pressure, and moisture content during a simulated
commercial vacuum drying process for SNF
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Test Apparatus

A pressure vessel (PV) was constructed with
316 stainless-steel tubing and welded
vacuum coupling radiation fittings.

 Bellows-sealed valves interfaced with the
vacuum pump system and mass
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spectrometer (MS) sample inlet. e — z=36in
« Type-K thermocouples (TCs) were installed sain
externally along the axial length of the __ z=24in.
pressure vessel as well as the peripheral |
standoffs. T FTein
» Axial TCs aligned with those installed on an ,=8in

internal heater rod. y=+9.35in.  y=-0.35in. T




Heater Rod
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<« Washers and nuts
il for wire splice
- A partially submersible -
heater was constructed ,, I ;
for Operation under moist > S e S T & T
conditions as a fuel rod
surrogate. Sheath T@sﬂ -0
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Threaded connection

 Power of 150 W
determined through
iterative testing to impart
a peak cladding
temperature of =400 °C (=g
under vacuum (ISG-11,
Rev. 3 criterion).

Endcap welded to
heater cladding




Water Introduced via Copper Ampoule

An ampoule was created with copper tubing
to install a predetermined quantity of water
into the system (10.74 grams).

 Ahole of 0.123 in. was included to represent
a gross cladding breach.

« Ampoule mounted in lower right standoff
opposite of vacuum pump inlet and included
Type-T thermocouples on body and orifice.
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Moisture Monitoring

 An Omega HX200 solid-state
capacitance dew point (DP) sensor
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was used_ to continuously monitor - "MS Sambling Stream
moisture in the pressure vessel.
« Sensor mounted on branch opposite g

to MS sampling stream and inline
with vacuum pump.
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Mass Spectrometer

* A Hiden Analytical HPR-30 quadrupole
mass spectrometer was used to
evaluate the composition of PV gas
samples for pressures < 3.75 torr.

« Relative concentration of given
molecule determined by fraction of raw
counts in sample.
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Vacuum Drying Procedure

Figure 6: Varian V-301 turbo mini
pumping station. Capable of
evacuating system down to 16 mtorr Table 1: Hold points for vacuum drying

_ {{ mtor nominal) piizedurs  The pressure vessel was evacuated to
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ressure | Threshold
. (torr) (torr) target pressures and held for 30
o 1] 100 150 minutes each.
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 Test is successful if final hold does not
rebound above 3 torr (NUREG-15306).
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Dew Point & Temperature Behavior

* As pressure is reduced, dew
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Mass Spectrometer Data

28 -6—©6- HPR-30 DP (°C) Sample Gas Temperature (°C) —— — Instrutech (torr) 2.5
%"j 50 | B—8 HX200 DP (°C) —— — Pfieffer (torr) 55
oy 5
. §  Forthe holds at 1 torr and below,
H Vg the mass spectrometer dew point
S 25 & . .
5 2 & data align very closely with the
£ ' HX200 sensor.

0

113  DP remains below temperature of
sample gas, indicating no

1EH2 = 1E+2
//f’/_v)_ condensation in sample line.
= — "' -« Composition data shows that the
2 ol ==~~~ —=_—=—= |wo: relative content of water in air
5 — : decreases over time.
> 1E-1 |— 1E-1
N» (%) - Ar (%) —— — Pfieffer (torr)
0; (%) H,0 (%) —— — Instrutech (torr)
1E-2 1E-2
9.5 10 10.5 il 11.5
Time (h) J;)

energy.gov/ne



Phase Transitions

(5) Final Evacuation Steps
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Energy Balance
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expended in vaporizing the

original 10.74 g of water.
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 Estimated water mass balance
C,2% =4.180 JIg-K, My, = 10.74 g, AH,, = 2,477 J/g (10 °C)

within =4 wt% from simple g
. C5* = 0.385 JIg-K, M¢,, = 56.6 g
analysis.

€SS =0.500 Jig-K, Mg = 727 g

AM;2% = AE;/AH,q
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Discussion

« The removal of water using a vacuum drying procedure has been
demonstrated in a small-scale pressure vessel with a partially submersible
fuel rod surrogate.

« Time-dependent results cumulatively verify the removal of most water from
an ampoule representing a water retention site.

* Instrumentation was demonstrated to be viable for quantifying conditions
simulating vacuum drying.

* Next evolution of experiments are planned for a prototypic-length scale with

multiple surrogate rods in an assembly.

— Assembly would feature partially submersible heater rods and specialized diagnostic rods
to introduce cladding breach effects and internal rod pressure monitoring.

« More information available in SAND2020-5341 R. »
— OSTI: https://www.osti.gov/servlets/purl/1631218 W




Questions?
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