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Introduction

A corrosion monitoring and chemical species probe for the Savannah River Site (SRS) is being developed for remotely
monitoring the corrosion of the high level waste tanks and for measuring the concentration of waste constituents. The
probe incorporates two technologies, Raman spectroscopy (RS) for chemical analysis and electrochemical noise (EN)
for corrosion monitoring. A deployable sensor such as this probe provides the capability of waste characterization and
corrosion monitoring as a function of depth. The probe has been a joint development of the Department of Energy,
Westinghouse Savannah River Company, and several commercial vendors. This paper will present key design features
of the combined probe, results from the cold acceptance testing and plans for deployment at SRS.

Technology Description

Waste tank corrosion monitoring and control at SRS is provided currently by process knowledge, extensive laboratory
test results, which were obtained in simulated wastes, and chemical analyses of tank grab samples. The procedure for
pulling a tank grab sample involves numerous steps, puts personnel at risk to exposure, and takes up to one month to
obtain results. The limitations of the current system in providing accurate information of the tank corrosion and waste
conditions ultimately limits the assessments of tank structural integrity and overall safety. The benefit of the SRS
probe for real-time information of changing tank and waste conditions will reduce the need and cost associated with
manual sampling, reduce the risk of personnel exposure, and improve the analysis of tank structural integrity and
safety.
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The RS technology was optimized to measure the primary waste constituents that are involved in corrosion of the SRS
high-level waste tanks, specifically nitrate, nitrite, and hydroxide. In this method, a probe containing two fiber optic
lines extends into the waste. Laser light is focused into and absorbed by the waste inside the probe sample chamber.
The waste emits light at different frequencies characteristic of the waste components. A collection fiber separates the
emitted light from the excitation light and directs it to a spectrometer and detector for determination of individual
species concentrations. RS could replace the present method that requires pulling a sample of waste, transporting to an
analytical laboratory, preparing the sample, and performing two analytical measurements to obtain the concentrations
of nitrate, nitrite and hydroxide.

EN monitoring is designed to measure over set time intervals the instantaneous current and potential difference
fluctuations that occur between three identical electrodes. The SRS probe will have two sets of electrodes. The
electrodes for one set will be made from A537 carbon steel, which is the material of construction for the tank wall, and
the other set will be made of A106 carbon steel, which is material of construction for the cooling coils. The measured
current and potential fluctuations are caused by the corrosion reactions that occur on the electrode surfaces. Generally,
these measurements have a given pattern for different corrosion processes, i.e. general corrosion, pitting, or stress
corrosion cracking.

Work Description

Originally, plans were to deploy the Raman and EN probes separately. The two probes were combined into a single
deployment platform to reduce the utilization of risers on a waste tank. The acquisition of both corrosion and
chemistry data from the same location in the waste also increased the relevance of the data. The combined designed
emerged as a two-section probe body, which is supported by a cable on the reel assembly. This arrangement enabled
the measurements to be taken at different elevations within a waste tank.

The lower section of the probe body contains an internal chamber for chemical analysis. A porous metal filter occludes
suspended particles in the tank waste from entering the Raman probe chamber. The presence of particles leads to
significantly lower Raman signals and much higher detection limits. A vacuum/pressure/liquid line is connected
between the top of the chamber to two pumps (one for liquid and one for air) outside the HLW tank. The tube
functions to draw waste samples into the chamber, to flush the chamber with water, and to introduce standards into the
chamber from outside the HLW tank. A quartz window on the side of the chamber is used to isolate a 670 nm fiber
optic Raman probe from the waste tank sample. The lens of the probe faces the quartz window so that the probe
focuses into the solution inside the chamber.

The upper section of the probe body houses the RS fiber optic cables, the vacuum/pressure/liquid line, EN electrical
wires, and serves as the support of the EN electrodes. The EN electrodes are attached on the outside of probe body so
they are in direct contact with the waste solution. Two sets of three electrodes, which are necessary for performing EN,
are aligned in series on each of the upper section of the probe body. The electrodes are bullet-shaped. One set is made
of carbon steel similar to that used for the tank wall; the other set has electrodes made of carbon steel similar to the
cooling coils. The electrodes are electrically isolated from the probe body.

A flexible stainless steel tube, which is attached to the top of the probe body, is used as a conduit to protect the sample
tube, wires and fiber optic cables that are used for the EN and RS monitoring technologies. The conduit is attached to a
reel mechanism, which allows the probe body to be set at different elevations within the waste tank. This mechanism is
housed in a watertight stainless steel casing to minimize contamination on the tank top. The fiber optic cables, EN
wires, and tube all fit through an innovative twist section and are attached to the equipment and instrumentation for
performing EN and RS.

After the probe was fabricated, the prototype was tested prior to installation in a waste tank. A 40-foot high platform
was assembled to fully test the deployment assembly, sample manipulation system, and the EN and RS techniques. A
55-gallon drum filled with a simulated waste solution was used as a mock waste tank for testing both EN and RS.
After successful completion of the test, the probe was packaged and sent to SRS fto be installed in Tank 43H. Tank
43H was chosen for the prototype because it is an active tank that receives waste streams from the Defense Waste
Processing Facility, H-Area Separations Canyon, the 299-H Decontamination Facility and Receipt for Offsite Fuels.
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Results and Discussion

Cold Test Results

The Cold Acceptance test was designed to verify the operation the RS, EN, the probe deployment reel and the system
control station. The probe deployment reel included an electric motor coupled to a 60:1 gearbox and an absolute
encoder. The encoder signal was used to control the probe speed and calculate the probe elevation. All the functions
were demonstrated successfully. These functions included:

Movement of the probe assembly at a constant speed and positioning to a desired elevation
Operation of pumps for sample chamber which include introduction of calibration standards, flushing and
purging
Introduction of sample into the chamber using either the simulated waste head pressure or vacuum generated by
air pump
Compatibility of softwares

Raman Analysis

Raman spectra acquired during the testing exhibited the expected peaks for each of the three analytes; nitrate, nitrite
and hydroxide. Initial testing indicated lower response factors for the analytes compared to previous laboratory testing
with a prototypical system. Further testing indicated the reduced signal intensity was primarily due to a poor fiber
optic connection. After repairing the connection, the RS signal intensity increased significantly. Response factors for
each of the analytes were determined over a range of concentrations as follows; 0.1 to 10 molar for hydroxide, 0.1 to
5.0 molar for nitrate and 0.1 to 3.0 molar for nitrite. For each analyte, the concentration exhibited a high linear
dependence as previously observed in laboratory studies.

Electrochemical Noise Monitoring

The EN monitoring was conducted in the background while other operations were evaluated. The signals showed large
peaks when the pumps were running to operate the RS chamber. These signals quickly reduced once pump operation
ceased. When the probe body was unperturbed, the signal displayed low amplitude and frequency waveforms that are
typical for general corrosion. The potential and current measurements were showing a reduction in value as the
electrodes were stabilizing in the simulated waste. This slow drift continued over the entire test period.

Conclusion

The combined corrosion and chemical species probe was designed to minimize the impact on waste tank operation,
while maximizing the relevance of the data to the chemistry and corrosion control program. The probe, which was
successfully tested under nonradiological conditions, consists of a reel deployment platform, a sample manipulation
system, and the techniques of electrochemical noise and Raman spectroscopy.
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