INL/MIS-23-73648-Revision-0

Fault Detection in the
Solvent Extraction Process
with Non-traditional Sensors

August 2023

Amari Wyking U Allah Garrett, Luis A Ocampo Giraldo

.

|daho National

|_Q oml‘ory INL is a U.S. Department of Energy National Laboratory operated by Battelle Energy Alliance, LLC



DISCLAIMER

This information was prepared as an account of work sponsored by an
agency of the U.S. Government. Neither the U.S. Government nor any
agency thereof, nor any of their employees, makes any warranty, expressed
or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, or usefulness, of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately
owned rights. References herein to any specific commercial product,
process, or service by trade name, trade mark, manufacturer, or otherwise,
does not necessarily constitute or imply its endorsement, recommendation,
or favoring by the U.S. Government or any agency thereof. The views and
opinions of authors expressed herein do not necessarily state or reflect
those of the U.S. Government or any agency thereof.




INL/MIS-23-73648-Revision-0

Fault Detection in the Solvent Extraction Process with
Non-traditional Sensors

Amari Wyking U Allah Garrett, Luis A Ocampo Giraldo

August 2023

Idaho National Laboratory
Idaho Falls, Idaho 83415

http://www.inl.gov

Prepared for the
U.S. Department of Energy
Under DOE Idaho Operations Office
Contract DE-AC07-05ID14517



Fault Detection in the Solvent Extraction A —
Process with Non-traditional Sensors

ntern: Amari W. Garrett, GEM Fellow, D210 — Radiochemistry and Nuclear Measurements G:M
Mentor: Luis A. Ocampo Giraldo

Introduction Data Preprocessing Model Selection

Solvent extraction is used to separate metals or other This problem domain necessitates a model capable of
Complexes into two different ImmISCIble |IqU|dS and iS an Data Migration Downsampling Data Annotation Data Cleansing |everaging data from 8 Vibrational Sensors and WI”
essential component of the PUREX Process. Improvements to progressively incorporate various other data input streams

the solvent extraction process can directly contribute to an * Downsampled original signal from 12800 Hz to 320 Hz to from acoustic and infrasound sensors.

organization’s ability to ensure the purity and recovery of optimize the processing speeds. ® Support Vector Machines (SVMs) are particularly
special nuclear materials from spent nuclear fuel. Such — R | . i . 9 advantageous in high-dimensional problem spaces where
iImprovements can benefit nuclear reprocessing efforts, esultant loss of resolution s not expected to binary classification is employed.

increase fuel reutilization, and limit the concentration of S'm::IIsSh feature prominence in the accelerometer * Long Short-Term Memory (LSTM) models are a form of
.. . : : | .
actinides in nuclear waste repositories. . J . . recurrent neural network (RNN) adept at handling
Sensor data is converted from mV to the relevant unit . . .
sequential data. In the context of this project, the

— ! r— o AT peing measured (mV to g for accelerometers). sequential data used for model training can benefit from

il fl ° ' ' | ' '
. ‘ , l;\ ' Data entries recorded during the flood event are marked the model's capacity to capture the temporal dynamics of
o | pased on thg start and end of the. anomaly yvmdow the experiment over time.
[EERY TR P P observed during the solvent extraction campaign (as
highlighted in the Raw Data plot below). .
Caw Date Evaluation
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S 1 0020- The SVM and LSTM models will be evaluated using time-
S o ooto. based cross-validation to ensure a robust performance
(8] ' . .
% 4.0000- - B e e vy W assessment. Time Series respects the temporal nature of the
2 00010, data by preserving the order of the observations during the
Figure 1. Annular centrifugal contactor array for solvent extraction. The apparatus contains 30 , , 1 , , , , , _ " " — " I
contactors in total, with 8 accelerometers placed on or near the contactors. 15:45 16:00 16:15 16:30 16:45 17:00 17:15 17:30 Cross Valldathn. Process. After cross \{alldatlon' the SVM and
Time (UTC) LSTM models will be compared for estimated performance.
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The goal of this project is to endow process operators with the = S
ability to monitor the solvent extraction process in real time. = 501 [
®* Due to the lack of a stateful system, testbed operators are 0 | , , , , , | S | —————————————————————
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forced to spend valuable time and resources analyzing the Elapsed Time (Sec) g
results of campaigns irrespective of the experiment’s = FFT Analysis 3 | —
success. £ ~
X
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®* Through the employment of machine learning, this project g ’
aims to use non-traditional sensors that record vibrational, = 000 ok od0  or 10 1» 150 15 260
. . . . 51 i
acoustic, and seismic data to create an economical method E >ample Index .
for detecting faults in the solvent extraction process WSS
g p ) - 0 20 40 60 80 100 120 140 160 Figure 3. A visualization of the splits for each fold generated by a Time Series cross-validator. Subsequent training
Freq (Hz) sets are always supersets of the previously generated training sets.

Figure 2. Raw data, spectrogram, and Fast-Fourier Transform Analysis plots for an accelerometer
that monitored the Contactor 10 motor during a solvent extraction campaign.
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