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INTRODUCTION AND BACKGROUND

Underground storage tanks made of mild steel are used to contain radioactive waste generated by
plutonium production at the Hanford Site. Corrosion of the walls of these tanks is a major issue.
Corrosion-related failure of waste tank walls could lead to the leakage of radioactive
contaminants to the soil and groundwater. It is essential to monitor corrosion conditions of the
tank walls to determine tank integrity and ensure safe waste storage until retrieval and final
waste disposal can be accomplished. Corrosion monitoring/control is currently provided at the
Hanford Site through a waste chemistry sampling and analysis program. In this process, tank
waste is sampled, analyzed and compared to a selection of laboratory exposures of coupons in
simulated waste. Tank wall corrosion is inferred by matching measured tank chemistries to the
results of the laboratory simulant testing. This method is expensive, time consuming, and does
not yield real-time data. A project to improve the Hanford Site's corrosion monitoring strategy
was started in 1995.

A small number of techniques have previously been tried at Hanford and elsewhere within the
DOE complex to determine the corrosivity of nuclear waste stored in underground tanks [1].
Coupon exposure programs, linear polarization resistance (LPR), and electrical resistance
techniques have all been tried with limited degrees of success. These techniques are most
effective for monitoring uniform corrosion, but are not well suited for early detection of
localized forms of corrosion such as pitting and stress corrosion cracking (SCC). Pitting and
SCC have been identified as the most likely modes of corrosion failure for Hanford Double Shell
Tanks (DST's) [2-3].

Over the last 20 years, a new corrosion monitoring system has shown promise in detecting
localized corrosion and measuring uniform corrosion rates in process industries [4-20]. The
system measures electrochemical noise (EN) generated by corrosion. The term EN is the term
used to describe low frequency fluctuations in current and voltage associated with corrosion. In
their most basic form, EN-based corrosion monitoring systems monitor and record fluctuations
in current and voltage over time. Laboratory studies and field applications have shown that
different types of corrosion create different patterns of current and voltage fluctuations (i.e.: EN).
By monitoring the EN produced by corrosion on electrodes immersed in Hanford waste tanks,
waste tank corrosion conditions can be observed in real-time.

A two-year laboratory study was started at Hanford in 1995 to provide a technical basis for using
EN-based systems to monitor corrosion in Hanford's nuclear waste tanks [21]. Based on this
study, a prototype system was constructed and deployed in DST 241-AZ-101 in August, 1996
[22]. Based on the successful demonstration of this prototype, a full-scale system was designed
and installed into DST 241-AN-107 in September 1997 [23]. A second-generation full-scale
system similar to the 241-AN-107 system was designed, fabricated and installed in 241-AN-102
in August 1998 [24]. A third-generation full-scale system with numerous design improvements
is scheduled for deployment into 241-AN-105 in fiscal year 1999 [25].

All of Hanford's EN-based corrosion monitoring systems have at least one thing in common with
EN-based systems used in other industries: they are all capable of producing extremely large
amounts of data. The Hanford systems have generated nearly 580 million points of data to date.
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An obvious challenge in working with EN-based systems is data analysis and reduction. This
report documents advances in Hanford EN data analysis techniques starting with the laboratory
corrosion monitoring systems used in the proof-of-principle testing program and ending with the
system currently being designed for deployment into 241-AN-105 in FY 1999.

DATA ANALYSIS IN LABORATORY EN SYSTEMS

The bulk of EN proof-of-principle tests were performed with a CMS100/PC3 electrochemical
measurement system manufactured by Gamry Instruments.! This system facilitated long-term
test exposures by allowing the operator to pre-program test length and run time. Once started,
the system ran until stopped by the operator, interrupted by system software malfunction, or shut
down by power failure. Potential and current EN were recorded once per second on the active
channel. In the testing program, data were typically collected for 600 seconds per file. After 600
seconds, the active file closed and a new file was created. This process repeated up to the
conclusion of testing. Post-collection data analysis was manually performed using internally
developed statistical analysis software and a spreadsheet program such as Microsoft Excel.?

In practice, a test operator set up an experiment, connected the test wires from the test cell to the
corrosion monitoring hardware and launched the software to collect the data. At the conclusion
of testing (from several hours to several months), raw data points were manually stripped out of
the raw data files, copied into a spreadsheet program and plotted against the time of exposure. A
typical raw data file is shown in Figure 1.

TCURVE

VTCURVE
GALVCOR

TITLE ™ TGAEor Nofs® - Repeating
DATE 1212/95:

TIME 55345

NOTES i

PSTAT T
TRUN 6.00E+02:
SAMPLE "1 /00E+00’
ILIRAIT 1/00E+03
AREA 1.00E+00:
DENSITY ': 6.00E+00:
EQUIV 5.B0E+01

DELAY F
TOELAY ™ 10001
IRCOMP F
EOC 0:008148/
CURVE 600
Pt T olfage ™ Cilitent ™ OveF Ed
i 12286027 9.08E-07 111 0.00E+00
1 21 222E02 7. 78EDT 0.00E+00
2 32 20E02 T REDT D.00E+00
506 597 2.26E-021 5. 40E07 DOOE+00;
597 598" 220E 02} 15.30E07 O.0E00,
558 5992 27ED SAVENT I UOUES00
599 600 "227E02, 5 E5EN7 U.00E00

Figure 1: 600 point Gamry raw data file collected during a typical EN experiment (mid-section
of data removed for presentation

! Gamry, CMS100, and PC3 are trademarks of Gamry Instruments, Inc., Warminster, Pennsylvania.

% Microsoft and Excel are registered trademarks of Microsoft Corporation, Redmond, Washington.
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A typical raw data plot is shown in Figure 2. The process of manually inspecting each raw data
file quickly proved to be too time consuming and a new data analysis routine was developed.
Instead of moving directly into raw data file analysis at the conclusion of testing, raw data were
first manually stripped out of a selection of raw data files and subjected to various statistical
analyses. These statistical data points were then plotted against test time. Plots of statistical data
vs. time proved to be very useful in identifying regions of change in corrosion behavior. By
identifying time periods of change in corrosion behavior, raw data file inspection was limited to
interesting areas identified by the statistical analyses.

2.60E-02 - 0.00E+00
¢ -1.00E-07
2.10E-02 W

potential nolse | -2.00E-07

1.60E-02 1 + -3.00E-07
s + 4.00E-07 T
K] =
% 1.10E-02 - -5.00E-07 §
& £
s | -6.00E-07 3

03 - current noise

6.00E-03 1 7.00E-07

1.00E-03 . -8.00E-07

+ -8.00E-07

-4.00E-03 | o ¢ — -—+ -1.00E-06

0 100 200 300 400 500 600

Time (sec)

Figure 2: 600 point Gamry raw data plot created by manually importing data shown in Figure 1
into Microsoft Excel for presentation.

Although an improvement over strict raw data analysis, the large number of manual operations
involved in the creation of statistical data analysis files also proved to be unacceptable and
software was written to automate the statistical analysis process. In practice, the test operator
placed the new statistical analysis software executable file in the same directory with all the raw
data files from the test of interest. When launched, the new statistical analysis software stripped
out raw data, performed a host of statistical analyses on the data, then wrote the results of the
analyses to a file that was imported into a spreadsheet program for plotting and further analysis.
The application of software driven statistical analysis marked the first real advance in automating
the entire EN data analysis process. An output file from the early statistical analysis software is
shown in Figure 3. A plot of a typical statistical file is shown in Figure 4.
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Figure 3: Top section of output file from internally developed statistical analysis software
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Figure 4: Plot of standard deviation of current data shown in Figure 3 (plot shows SCC of mild

steel)

241-AZ-101 CORROSION MONITORING SYSTEM

Data analysis techniques developed during the proof-of-principle testing were directly applied to
analysis of EN data collected from the 241-AZ-101 prototype corrosion monitoring system. The
241-AZ-101 system utilized the Gamry Instruments CMS100/PC3 electrochemical measurement
system previously used in the proof-of-principle testing. An eight channel multiplexer was
added to the system to provide a multi-channel monitoring capability. Data were collected
sequentially on three electrode arrays situated on a probe placed inside 241-AZ-101 using three
channels of the multiplexer. Potential and current measurements were recorded once per second
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on the active array. Data were typically collected for 600 seconds per channel. Post-collection
data analysis was performed using the statistical analysis software developed during the proof-
of-principle testing in conjunction with Microsoft Excel. Data acquisition began following
electronics package installation on August 8, 1996. A prototype probe raw data plot showing
uniform corrosion is shown in Figure 5. A prototype probe raw data plot showing pitting
corrosion after a large water addition is shown in Figure 6. A plot of statistical data taken from
the prototype probe is shown in Figure 7. Three reports were generated to document the
performance of this system {22, 26, 27).

Although numerous difficulties were encountered in transporting data from the 241-AZ-101
corrosion monitoring system control computer located in the field to data analysis computers
located outside the tank farm, the data analysis techniques developed during the proof-of-
principle testing proved to be acceptable for handling and analyzing prototype probe data. At
this point in the corrosion probe development program, a single researcher could process the data
being generated from the 241-AZ-101 system with the software tools developed for laboratory
data analysis.
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Figure 5: Current noise collected from uniform corrosion in 241-AZ-101
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Figure 6: Current noise in 241-AZ-101 during pitting induced by a large water addition
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241-AN-107 CORROSION MONITORING SYSTEM

Although the Gamry equipment used in the laboratory proof-of-principle testing and the 241-AZ-
101 systems demonstrated that an EN-based system could likely be used to monitor waste tank
corrosion, the system hardware was deemed to have too low a level of potential (voltage)
sensitivity. Therefore, the Gamry equipment was not used on any other system following the
241-AZ-101 installation. For the 241-AN-107 system, a DENIS eight channel corrosion
monitoring system and associated software manufactured by Capcis March Limited (CML) was
procured and installed.?

Like the Gamry system, the CML system was programmed to run continuously after startup.
Current and potential data were logged every second into files of 600 seconds each. At the
conclusion of a 600-second monitoring period, the active file was time/date stamped and stored
on the controlling computer's hard drive. Data collection on the next channel then commenced.
Data were collected sequentially on eight channels connected to eight electrode arrays located on
a probe installed in the waste tank. Once started, the system ran until stopped by the operator,
interrupted by system software malfunction, or shut down by power failure. Several months
after installation, the system was reconfigured and upgraded to write files directly to the Hanford
Local Area Network (HLAN) to facilitate analysis work on any other networked computer.

A typical output file from the CML system is shown in Figure 8. A typical output plot is shown
in Figure 9. Although current and potential were measured simultaneously, raw data were
written in a single column in the data file. Potential values were listed prior to current values.
Statistical parameters were stored at the end of the column shortly before the file was closed.
Additional software was later provided by CML to strip the statistical values out of each raw data
file and collect them into a database where they could be plotted for further analysis. A typical
statistical analysis output data file is shown in Figure 10.

241-AN-107 Suneillance i
Probe 8 !
600,01,08 o o
-312E-03
-3.12E-03
“312E-03 ’
e - e

-2 40E-09
311E-08
CTT2E08
24qeEUBTTTTT o
TBTEEDE
F1/5558E-08, 44 4652E-08,+4.7284E 08, +4 4263E+02,+9.4432E-01
| i i i { i

Figure 8: 600 point CML raw data file collected during a typical EN experiment (mid-section
of data removed for presentation.

* DENIS is a registered trademark of Capcis March Ltd., Manchester, UK.
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Figure 9: CML raw data plot created by manually importing data into Microsoft Excel for

presentatlon.
Date Time  Date & Time  Job Title Probe Title EEPN Min ‘EPN Max :EPN Mean EPN Mean (mv) ;EPN SDEV EPN SDEV (mV)|EPN RMS ECN Min :ECN Max ‘ECN Mean
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17-8ep97. 9:d4; 17197 9:44:241-ART07 Suneiflance 4B1E-02: 4.79E-02 4. BOE2. 4 BOE+01} " "5.78E-05 5.7BE-02] 4BOE-02 B.37E-08] 3.U1ED7. ~1:B0E07
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Figure 10: Top section of output file from CML statistical analysis software

In early FY 1999, problems relating the time/date stamp used by the CML system and the
upcoming turn of the century were discovered. It was determined that the CML system would
no longer be able to perform its data manipulation operations after December 31, 1999. An EN-
based system manufactured by Petroleum Research Production, Ltd. using software created by
Corrosion & Condition Control, Ltd. was selected and procured to replace the existing CML
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system. Details of this system can be found in this report in the discussions related to the 241-
AN-102 and 241-AN-105 systems.

241-AN-102 CORROSION MONITORING SYSTEM

Although the general performance of the CML system was acceptable, CML Ltd. quit producing
the DENIS system and went out of business in 1997. A competitive request for proposal (RFP)
was issued in FY 1998 to locate a new source for EN-based equipment. The following system
performance requirements were placed in the RFP:

When connected to an appropriate set of electrodes, the corrosion monitoring equipment
must be capable of collecting current and voltage electrochemical noise (EN) data in an
automated fashion (i.e.: once configured, the system should continuously collect EN data
unless interrupted by the user). Specifically, the equipment must be capable of making
simultaneous measurements of both current and voltage EN at a recording rate of at least one
(1) measurement per second. The equipment must be capable of making measurements on at
least eight channels simultaneously. Multiplexed systems that read sequentially from
channel to channel are not acceptable.

In addition to being capable of collecting and analyzing EN data, the system must also be
capable of periodically conducting linear polarization resistance (LPR) and Tafel scans. The
corrosion monitoring system and system software must allow this periodic change.
Preferably, the system will be configurable to allow the user to set up a time interval between
LPR scans. For example, the system could be configured to collect EN data continuously,
but once per month, stop the EN measurements, call out and run an LPR scan on each
channel, then return to EN measurements.

The physical location of the waste tanks in relation to power sources, phone lines, network
drops and other necessary connections dictates that there will be up to 400 feet (~122 m) of
20-gauge wiring between the lowermost channels on the probe and the corrosion monitoring
instrumentation. Each wire (one wire per channel) will pass through an MTL Model 755-AC
shunt-diode type intrinsic safety barrier before passing into the corrosion probe body and
down to its respective electrode. The maximum entity parameters for the MTL Model 755-
AC barriers are 40 microfarads capacitance and 0.125 millihenry inductance. The length of
wiring from the barriers to the electrodes will be 100 feet (~31 m) or less. The balance of the
wiring runs from the intrinsic safety barriers to the corrosion monitoring instrumentation.
With the long cable and intrinsic safety barriers in place, the system must be capable of
current and potential resolutions of at least +1 x 10 A and +1 x 10” V respectively. Prior to
contract award, the seller will be required to show evidence that their equipment meets these
minimum sensitivity requirements given the aforementioned set-up.

The in-tank corrosion probe that holds the electrodes in the waste is designed for eight total
channels with three electrodes on each channel. The corrosion probe is fabricated from 1.0-
inch (2.5-cm) diameter schedule XXS stainless steel pipe with an inside diameter just large
enough to contain 24 conductors of 20-gauge wire.  The corrosion monitoring
instrumentation must utilize a three wire per channel, eight-channel setup with simple 20-
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gauge wires, as opposed to shielded coaxial cables, to make the connection between
electrodes and instrument.

o The software that controls the corrosion monitoring system shall be compatible with standard
Microsoft Windows '95 or Windows NT platforms. All EN and LPR data must be stored in a
format compatible with ODBC and SQL databases to allow the user to export data to other
user supplied analyses and presentation packages. Furthermore the corrosion monitoring
system software shall be capable of performing and graphicaily presenting statistical analyses
on the EN data, automatically calculating corrosion rates from LPR data, and calculating and
presenting trends in the statistical analyses data. The corrosion monitoring system software
must provide user configurable alarm points to notify the user of the onset of dangerous
corrosion conditions within the waste tank. The software shall be configurable to allow full
storage of all data all the time or to automatically discard data not recorded at a set interval of
time on either side of an alarm event, thus minimizing the amount of EN data the user must
evaluate.

Based on the responses to this RFP, an EN-based corrosion monitoring instrument manufactured
by Petroleum Research Production (PRP), Ltd. was procured. The corrosion monitoring
software used to drive the PRP instrumentation is entitled "Amulet" and is manufactured by
Corrosion & Condition Control (C*), Ltd.* This system was installed in 241-AN-102 in late FY
1998.

The heart of the Amulet software is inherently different than data collection/analysis tools used
on previous systems. In contrast to the Gamry and CML software that focused primarily on data
collection, Amulet is primarily a graphically driven data analysis tool and will accept data from
almost any other source. Nearly all of the data manipulation operations manually performed in
on Gamry and CML data are automated to a large degree in Amulet.

A separate software application shipped with Amulet is used to collect data from the PRP
hardware. The data collection software (DataScan WeeGuy®) can be configured to collect EN
data simultaneously from up to eight channels. The data collection software can also be
configured to run periodic LPR scans on any set of electrodes used for EN data collection. Until

stopped by the operator, data are continuously written to a database designed to be opened with
Amulet.

Data storage is also quite different in the Amulet system as compared to the Gamry and CML
systems. Both the Gamry and CML systems wrote small packages of data to numerous
individual files over the course of operation. At the conclusion of testing, some manual method
of stripping raw data out of the files had to be employed if statistical data were to be analyzed.
This was no small task since over the course of even a few weeks both the Gamry and CML
systems produced thousands of individual raw data files. In contrast, raw data collected on the
Amulet system is continually time/date stamped and stored in a single database that uses the

4 C* and Amulet are registered trademarks of Corrosion & Condition Control, Ltd., Dingwall, U.K.

® DataScan WeeGuy is a registered trademark of Corrosion & Condition Control, Ltd., Dingwall, UK.
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same database engine as Microsoft Access.® Therefore, the Amulet database is compatible with
all other ODBC and SQL databases. Statistical data are stored in the same database with the raw
data and all parameters can be plotted for comparison. The Amulet system also has a built-in
archiving feature that allows the operator to compress and store historical data that is not used on
a regular basis. This feature is especially useful limiting the amount of network hard drive space
the 241-AN-102 system occupies.

Graphical analysis is provided directly in Amulet in near real-time with no need to export data to
another spreadsheet program. Amulet allows simultaneous plotting and overlays of any real
(measured) or derived parameters during testing or operation. A typical plot of current and
voltage EN data created in Amulet is shown in Figure 11.

Figure 11: Amulet raw data plot showing current and voltage EN in 241-AN-102

The main user interface screen used to create plots of various parameters is shown in Figure 12.
Several other options help automate and simplify data analysis. Some of the most useful features
include:

¢ Simultaneous zooming or magnification of discrete time periods is allowed on multiple plots.

o Alarm levels for any parameter can be configured and displayed on any plot.

e Summary tables can be produced automatically for hour, day, week, or month blocks of data
to limit the amount of data the user wants to look at.

e Plots can be annotated with short user notes or process conditions prior to printing or an
electronic logbook can be associated with each plot to store longer pieces of information.

e Plot data can be exported directly from the graph package either as a picture in *.bmp or
* . wmf format or as data in a format suitable for spreadsheets, other databases or word
processors. Plots can also be exported using the clipboard.

¢ Microsoft and Access are registered trademarks of Microsoft Corporation, Redmond, Washington.
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Figure 12: Main Amulet user interface screen

One of the most important features in Amulet is the ability to set alarm points to automatically
notify an operator when a corrosion related parameter exceeds a certain level. Neither of the
previous systems had this capability. When the alarm features are configured and enabled,
Amulet constantly monitors data as they enter the system against the alarm set points. Two
"above threshold" alarms (Alert and Alarm) and one "below threshold" alarm (Low Alarm) can
be configured for any parameter. There are also high and low value validation checks used to
detect hardware faults in the PRP instrumentation. If an alarm point is exceeded, a flashing
alarm annunciation icon is displayed on the computer's monitor. This icon flashes until the
appropriate alarm report is checked. There are a number of reports that can be automatically
associated with alarms. On a daily basis the various counts of OK, Alert and Alarm can be
plotted in a trend. This feature could be used in the future to trend tank chemistry control
performance.

In summary, the Amulet software has greatly improved the automation of waste tank EN data
analysis. In contrast with previous systems, the Amulet operator no longer has to manually
collect, sort and store thousands of raw EN data files. Amulet writes all data to a single
database. With previous systems, statistical analyses were performed by manually stripping out
data from thousands of raw data files and either calculating statistics in a spreadsheet format or

12
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running the raw data through a piece of internally developed statistical analysis software. In
either case plotting and inspection were done manually in Microsoft Excel or other spreadsheet
programs. Statistical analysis is automatically performed in Amulet while the raw data are being
collected. Uniform corrosion rate calculations and other derived parameters had to be manually
calculated in a spreadsheet format with data from the Gamry and CML systems. Rate and other
derived parameters are defined by the user prior to data collection in Amulet and collected
automatically once data collection is commenced. These and other improvements have greatly
improved the speed at which EN data can be analyzed in addition to improving the quality of the
final interpretation. Such improvements are not only nice, but inherently necessary if multiple
tanks are to instrumented and analyzed.

241-AN-105 CORROSION MONITORING SYSTEM

The move from the Gamry and CML type systems to the Amulet/PRP system easily represents
the largest step forward in automating the EN data analysis process. Although the 241-AN-102
corrosion monitoring system has been hampered by external data interference and other non-
software related problems, the obvious potential of the Amulet software has not been ignored. In
FY 1999, a duplicate Amulet/PRP system was procured to be used for monitoring 241-AN-105.
Design problems resulting in data loss and distortion in the 241-AN-102 system have been
addressed in the 241-AN-105 system. This system is scheduled for installation in late FY 1999.

FUTURE WORK AND WORK BY OTHERS

To date, the corrosion monitoring development effort at Hanford has focussed on the analysis of
raw EN data (current or voltage noise vs. time) and statistical analysis of this raw data (mean,
standard deviation, etc. vs. time). Historical work by others and the development effort at
Hanford have indicated a clear relationship between patterns of current and voltage noise and the
mode of corrosion. However, other methods of EN data analysis can be employed including
frequency domain analysis (fast Fourier transforms and/or maximum entropy method analyses)
and the application of neural networks.

One of the most interesting data analysis techniques on the horizon is the potential to apply
neural networks in the process of EN data analysis. Although EN-based corrosion monitoring is
gaining wider acceptance within the corrosion monitoring and plant operation communities, a
more succinct method of analyzing and interpreting the results of EN data is still needed. At
present, interpretation of EN data still mandates detailed analysis by a corrosion expert to
identify and categorize the mechanism of corrosion attack. If applied correctly, neural networks
could de-skill the post-data collection procedure and broaden the range of users able to
understand and interpret corrosion data. Additionally, neural networks would provide a
consistent methodology for data analysis that would be less subjective and time consuming than
analyses by corrosion experts.

Although the promise of applying neural networks to EN data is great, the technique is still in it's
infancy with few researchers applying an effort in this direction [28,29]. However, ever
increasing demands to operate plant environments safely and efficiently will likely drive the
research in this field. Ultimately, the ability to de-skill data the data analysis process will make
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or break the use of EN as a plant monitoring tool on a wide scale. Recent advances in graphical
analysis software and neural networks show promise in moving EN-based corrosion monitoring
further into industry.

SUMMARY AND CONCLUSIONS

A project to improve the Hanford Site's corrosion monitoring strategy was started in 1995. The
project is designed to integrate EN-based corrosion monitoring into the site's corrosion
monitoring strategy. In order to monitor multiple tanks, a major focus of this project has been to
automate the data collection and analysis process. Data collection and analysis from the early
EN corrosion monitoring equipment (241-AZ-101 and 241-AN-107) was primarily performed
manually by a trained operator skilled in the analysis of EN data. Thousands of raw data files
were collected, manually sorted and stored. Further statistical analysis of these files was
performed by manually stripping out data from thousands of raw data files and calculating
statistics in a spreadsheet format. Plotting and other graphical display analyses were performed
by manually exporting data from the data files or spreadsheet into another plotting or
presentation software package.

In 1999, an Amulet/PRP system was procured and employed on the 241-AN-102 corrosion
monitoring system. A duplicate system was purchased for use on the upcoming 241-AN-105
system. A third system has been procured and will eventually be used to upgrade the 241-AN-
107 system. The Amulet software has greatly improved the automation of waste tank EN data
analysis. In contrast with previous systems, the Amulet operator no longer has to manually
collect, sort, store, and analyze thousands of raw EN data files. Amulet writes all data to a single
database.  Statistical analysis, uniform corrosion rate, and other derived parameters are
automatically calculated in Amulet from the raw data while the raw data are being collected.
Other improvements in plotting and presentation make inspection of the data a much quicker and
relatively easy task. These and other improvements have greatly improved the speed at which
EN data can be analyzed in addition to improving the quality of the final interpretation. The
increase in data automation offered by the Amulet software is necessary if multiple tanks are to
instrumented and analyzed at the Hanford Site.

Although advances in the automation of data analysis have been great, Hanford EN data analysis
still demands a highly trained corrosion expert. Neural networks could de-skill the post-data
collection analysis procedure and broaden the range of users able to understand and interpret
corrosion data. Ultimately, the ability to de-skill data the data analysis process will make or
break the use of EN as a plant monitoring tool on a wide scale.
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