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EXECUTIVE SUMMARY

In 2007, the design requirements for a new Multi-Probe Corrosion Monitoring System were
developed by the Hanford Tank Farm Contractor and issued in RPP-SPEC-32496, Procurement
Specification for AN-102 Corrosion Probe Assembly. Based on these requirements and lessons
learned from previous double-shell tank corrosion monitoring systems, a system was designed,
fabricated, and installed in Double-shell Tank 241-AN-102 on May 1, 2008. A similar system
was designed, fabricated, and installed in Double-shell Tank 241-AY-102 on March 26, 2009. In
general, these systems collect corrosion potential and corrosion rate data from a variety of
electrodes installed on an in-tank probel.

Corrosion potentials of the tank and tank material electrodes relative to the primary reference
electrodes have varied with temperature since the Multi-Probe Corrosion Monitoring System was
installed in Tank 241-AN-102. However, the shift has not been consistent with that predicted by
the temperature coefficients for the primary reference electrodes. In addition, a variety of
electrode failures are suspected on the 241-AY-102 Multi-Probe Corrosion Monitoring System.
None of these issues were expected prior to installation. Laboratory testing was performed to
better characterize both the shift in potential with temperature in the field data and the suspected
electrode failures.

Temperature testing was performed to determine the effect of temperature changes on the
potentials of Multi-Probe Corrosion Monitoring System primary reference electrodes and tank
steel electrodes. Testing indicated that a relatively direct relationship exists between temperature
changes and the corrosion potentials of Multi-Probe Corrosion Monitoring System-style primary
reference electrodes. No significant shifts in the potentials of the steel electrodes were observed
over the temperature range investigated by the laboratory work.

Similar variations of potential with temperature were seen in the laboratory test data for the
primary reference electrodes as are seen in the field data. However, neither field nor laboratory
test results produce the expected shift in potential with temperature predicted by electrode
temperature coefficients. Because results from laboratory and field are similar, there is no reason
to expect malfunction of the primary reference electrodes on the 241-AN-102 Multi-Probe
Corrosion Monitoring System, or to assume that the shift in potential with temperature is
affected by the radiation field in the tank. The unpredicted response to temperature may simply
be related to the design of the specialized electrodes used on the Multi-Probe Corrosion
Monitoring Systems.

The suspected failures of certain electrodes on the 241-AY-102 Multi-Probe Corrosion
Monitoring System appear to be related to the presence of an unknown liquid within the in-tank
probe body. To explore this failure mode, liquid in-leakage testing was performed to better
understand the effects of the formation of an electrical short within the probe body due to the
presence of an intruding liquid. Laboratory testing showed that shifts in potential induced by
wetting the backs of primary and secondary reference electrodes generally correlated to the
conductivity of the wetting liquid. The influence of the three most likely liquids present in the

! In addition, corrosion monitoring systems similar in design to the 241-AN-102 and 241-AY-102 MPCMS have
been installed or are planned for installation in 241-AY-101, 241-AN-107, and 241-AW-104.
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probe body (water, un-reacted foam component liquid, and tank waste) was evaluated. The
shifts in potential induced by wetting the backs of primary and secondary reference electrodes
with 241-AY-101 tank waste simulant are different in direction, but similar in magnitude to the
shifts in potential observed on suspected failed electrodes on the 241-AY-102 corrosion
monitoring system. This similarity in magnitude suggests that tank waste may have intruded into
the 241-AY-102 Multi-Probe Corrosion Monitoring System in-tank probe body.

Because it is known that the filling solutions of primary reference electrodes become
contaminated over time with the environment in which they are immersed, primary reference
electrode electrolyte contamination tests were performed to characterize the change in electrode
potential associated with the progressive contamination of the Multi-Probe Corrosion Monitoring
System-style primary reference electrodes. Surprisingly, test results indicated little sensitivity of
the electrode potential to contamination by the tank waste simulants.
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LIST OF TERMS
Terms

Calomel Electrode. A reference electrode composed of mercury, mercurous chloride (calomel),
and an aqueous potassium chloride solution.

Copper/Copper Sulfate. Used in reference to the Cu/CuSO, reference electrode, a reference
electrode composed of a copper wire immersed in a solution of copper sulfate.

Saturated Calomel Electrode. A reference electrode composed of mercury, mercurous chloride
(calomel), and a saturated aqueous potassium chloride solution.

Silver/Silver Chloride. Used in reference to the Ag/AgCl reference ¢lectrode, a reference
electrode composed of a silver wire coated in a thin layer of silver chloride immersed in a
solution of potassium chloride).

Abbreviations and Acronyms

AAR Association of American Railroads

Ag Silver

Ag/AgCl Silver/Silver Chloride

ASTM A537CL1  American Society for Testing and Materials A537 Class 1
calomel mercurous chloride

Cu Copper

Cu/CuSO, Copper/Copper Sulfate

ER Electrical Resistance

MPCMS Multi-Probe Corrosion Monitoring System
Ni Nickel

SCE Saturated Calomel Electrode

SHE Standard Hydrogen Electrode

Units

Q ohms

°C degrees Centigrade

ft feet

L liter

ml milliliter

mV miliVolt

pH cologarithm of the activity of dissolved hydrogen ions
psi pounds per square inch

A% Volt
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1.0 INTRODUCTION

In 2007, the design requirements for a new Multi-Probe Corrosion Monitoring System
(MPCMS) were developed by the Hanford Tank Farm Contractor and issued in
RPP-SPEC-32496, Procurement Specification for AN-102 Corrosion Probe Assembly. Based on
these requirements and lessons learned from previous double-shell tank corrosion monitoring
systems, a system was designed, fabricated, and installed in Double-shell Tank 241-AN-102 on
May 1, 2008. In general, the system was designed to collect corrosion potential and corrosion
rate data from a variety of electrodes installed on an in-tank probe.

The corrosion potentials of the tank and tank material electrodes relative to the primary reference
electrodes have varied with temperature since the MPCMS has been installed in Tank
241-AN-102. However, the shift is not consistent with that predicted by the temperature
coefficients for the primary reference electrodes. Laboratory testing has been performed to

better characterize the relationship between electrode potential and temperature as observed in
the MPCMS electrodes.

In Fiscal Year 2008, the design requirements for a new MPCMS were developed by the Hanford
Tank Farm Contractor, and issued in RPP-SPEC-35429, Procurement Specification for AY-102
Corrosion Probe Assembly. Based on these requirements and lessons learned from previous
double-shell tank corrosion monitoring systems, a system was designed, fabricated, and installed
in Double-shell Tank 241-AY-102 on March 26, 2009. Like the 241-AN-102 system, the
241-AY-102 system was designed to collect corrosion potential and corrosion rate data from a
variety of electrodes installed on an in-tank probez.

Shortly after installation of the 241-AY-102 system, data began indicating a number of electrode
failures. In the ensuing troubleshooting process, it was discovered that there is likely some form
of liquid inside the in-tank probe body. The nature of the liquid and the mode of entry is still
unknown. However, the most likely liquids are tank waste (intruding from outside the probe
body), un-reacted foam component liquid (left inside the probe after the foam filling operation),
or snow/rain water (intruding from the top of the MPCMS assembly). Laboratory testing has
been performed to better characterize the effects of an intruding liquid on data collected from the
MPCMS.

In addition to the need to characterize the effects of the liquid intrusion into the MPCMS probe
body, it is known that the primary reference electrodes on both the MPCMSs will eventually fail
due to the ingress of tank waste into the electrode filling solutions. Since the MPCMS represents
a new application for these electrodes, it is unclear as to when such degradation can be expected
or what the effect will be on electrode potential. Laboratory testing has been performed to better
characterize the effects of electrode contamination.

Unless otherwise noted, in the balance of testing described in this report the electrodes shown in
Table 1-1 were utilized.

% In addition, corrosion monitoring systems similar in design to the 241-AN-102 and 241-AY-102 MPCMS have
been installed or are planned for installation in 241-AY-101, 241-AN-107, and 241-AW-104.
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Table 1-1. Reference Electrodes Used in Testing.

Electrode (Name as Used in Report) Description
A specially-designed Ag/AgCl electrode for
the MPCMS application with a Kynar®?
body and porous Kynar frit (for radiation
resistance), uses a 1M potassium chloride
filling solution
A specially-designed SCE for the MPCMS
application with a Kynar body and porous
Kynar frit (for radiation resistance)
A specially-designed Cw/CuSO; electrode
for the MPCMS application with a Kynar
body and porous Kynar frit (for radiation
resistance), uses a saturated copper sulfate
filling solution
Laboratory-grade, glass-bodied Ag/AgCl
electrode, uses a 4M potassium chloride
filling solution (Beckman Coulter™, Inc.,
Model BK511105)
Laboratory-grade, glass-bodied SCE
(Beckman Coulter, Inc., Model BK511101)
Laboratory-grade, plastic-bodied Cu/CuSOy
clectrode, uses a saturated copper sulfate
filling solution (M.C. Miller™" Co., Inc.
Model RE-373)

MPCMS-Style Silver/Silver Chloride
(Ag/AgCl) Electrode:

MPCMS-Style Saturated Calomel
Electrode (SCE):

MPCMS-Style Copper/Copper Sulfate
(Cu/CuSOy) Electrode:

Laboratory-Grade Ag/AgCl Electrode:

Laboratory-Grade SCE

Laboratory-Grade Cu/CuSO, Electrode:

2.0 TEMPERATURE TESTING

2.1 BACKGROUND AND PURPOSE

The corrosion potential of Tank 241-AN-102, as measured with respect to the reference
electrodes installed on the MPCMS, has trended inversely with waste temperature since the
installation of the MPCMS on May 1, 2008. The effect of temperature variation on the potential
of traditional standard primary reference electrodes (i.e., Ag/AgCl, SCE, Cu/CuSOQy, etc.) is well
understood. The temperature coefficient of a primary reference electrode describes the change in
potential of that reference electrode with temperature. The temperature coefficients for several
commonly-available standard primary reference electrodes are shown in Table 2-1. In general,
the potential of a primary reference electrode decreases relative to the potential of a Standard
Hydrogen Electrode (SHE) as temperature increases; however, this known trend only reflects the
relative temperature dependencies of the two electrodes being compared. The corrosion

? Kynar is a registered trademark of Arkema, Inc., Philadelphia, Pennsylvania.
1 Beckman Coulter is a registered trademark of Beckman Coulter, Inc., Brea, California.
" M.C. Miller is a registered trademark of M.C. Miller Co., Inc., Ringwood, New Jersey.

10
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potential of the working electrode itself is also determined by thermodynamic and kinetic factors
which can also be temperature sensitive. Thus, in practice, the change in observed corrosion
potential is dependent on the relationship between temperature dependencies of both the working
and reference electrodes.

Table 2-1. Standard Reference Electrode Temperature Coefficients.®’

Flectrode Temperature Coefficient (mV/°C)
SCE 0.22
Ag/AgCl (1M potassium chloride) 0.25
Calomel (1M potassium chloride) 0.59
Cu/CuSO; (saturated) 0.90
Ag/AgCl (4M potassium chloride) 1.00

Average corrosion potentials of the tank and tank material electrodes relative to the primary
reference electrodes installed on the MPCMS have varied by approximately 16 mV during the
operation of the 241-AN-102 MPCMS. Tank waste temperatures have varied by approximately
4°C over this same time period. The temperature coefficients for standard primary reference
electrodes would predict a 0.88 — 4 mV shift in potential over a 4°C temperature range. Thus,
the observed change in potential in the MPCMS-style electrodes cannot be fully explained by the
temperature coefficients of standard primary reference electrodes.

Laboratory testing was performed to better characterize the relationship between electrode
potential and temperature as observed in MPCMS electrodes. The test plan is detailed in
RPP-PILAN-43913, Test Plan for Evaluating the Influence of Temperature on MPCMS Electrode
Corrosion Potentials. Test results are expected to aid in the evaluation of ficld data from the
241-AN-102 MPCMS, as well as MPCMSs installed in other tanks.

22 EXPERIMENTAL SETUP

For the temperature testing program, the experimental apparatus consisted of two test cells, each
containing the following:

1. One each of the MPCMS-style primary reference electrodes (i.e., Ag/AgCl,
Cu/CuSOQys, and calomel electrodes under test),

2. One tank material electrode under test,
3. One condenser, and

4. Approximately one liter of 241-AY-101 or 241-AN-107 tank waste simulant
(simulant compositions shown in Appendix A).

® From “NACE Corrosion Engineers Reference Book, Third Edition” (Baboian 2002), p. 91.
" From “Fundamentals of Analytical Chemistry” (7th Edition) (Skoog, West, and Holler 1996), p. 388.

11
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Both of the Teflon®® test cells containing the electrodes under test were immersed in an insulated
bath. Temperature control of the bath was attained using a PolyScience™ Model 7306
temperature controller and water-cooled copper cooling coils (see Appendix B for calibration
details). A condenser was used in each of the test cells to help minimize losses due to
evaporation. A second constant temperature bath was set up to hold a set of MPCMS-style
primary reference electrodes and a set of laboratory-grade primary reference electrodes at 25°C.
The constant-temperature electrodes were partially immersed in a beaker of 1M potassium
chloride solution and the beaker was partially immersed in the 25°C bath. A set of a potassium
chloride salt bridges were installed between each test cell containing the electrodes under test
and the 25°C reference electrode cell. The use of salt bridges facilitated potential measurements
while minimizing solution contamination of the reference electrodes held at 25°C. Figure 2-1
depicts the overall experimental setup. Figure 2-2 shows the details of the temperature test
setup.

Figure 2-1. General Experimental Setup (Salt Bridges Highlighted for Clarity).

:‘.

Tem perature Test Cells

Liquid n—ge and Electrode

e Contamination Test Cells / v
iy _"- -

Teﬂon is aregistered trademark of E. I. du Pont de Nemours and Company, Wilmington, Delaware.
PolyS-;:lence is a registered trademark of Preston Industries, Inc. dba PolyScience Corporation, Niles, Hllinois.

12
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Figure 2-2. Temperature Test Apparatus.

541-AN-107 -
? st Cell T241-AY-101
: Test Cell

The general test procedure is described below:

1.

2

Fill Test Cell #1 with at least 11 of 241-AY-101 simulant.

Immerse an Association of American Railroads (AAR) TC128 electrode into Test
Cell #1.

Immerse one of each of the three types of MPCMS primary reference electrodes in
Test Cell #1 (calomel, Cu/CuSO,, Ag/AgCl).

. Fill Test Cell #2 with at least 1L of 24 1-AN-107 simulant.

Immerse an American Society for Testing and Materials A537 Class 1 (ASTM A537
CL1) electrode into Test Cell #2.

Immerse one of each of the three types of MPCMS primary reference electrodes in
Test Cell #2 (calomel, Cu/CuSOs4, Ag/AgCl).

Set aside one of each of the three types of MPCMS primary reference electrodes
(calomel, Cu/CuSQy, Ag/AgCl) and allow to equilibrate at 25°C.

13
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Set aside one of each of the three types of laboratory-grade primary reference
electrodes (calomel, Cu/CuSQ,, Ag/AgCl) and allow to equilibrate at 25°C.

Immerse Test Cell #1 and Test Cell #2 in a constant temperature bath and allow test
temperature and electrode potentials to equilibrate at approximately 25°C.

After test cell temperature and electrode potentials have stabilized, make the
following measurements in each test cell and record these measurements on the data
sheets provided in Appendix C:

o Test solution pH, bath temperature, and mark time and date.

o Measure the potentials of the ASTM A537 CL1 and AAR TC128 ¢lectrodes
under test with respect to:

= Each of the three MPCMS-style primary reference electrodes that are
immersed in the respective test cells (calomel, Cu/CuSQy, Ag/AgCl),

= Each of the three 25°C MPCMS-style primary reference electrodes
(calomel, Cu/CuSO,, Ag/AgCl), and

= Each of the three 25°C laboratory-grade primary reference electrodes
(calomel, Cu/CuSOQ,, Ag/AgCl).

o Measure the potentials of each of the MPCMS-style primary reference electrodes
under test (calomel, Cu/CuSQ,, Ag/AgCl) with respect to a 25°C MPCMS-style
reference electrode of the same type and a 25°C laboratory-grade reference
electrode of the same type (e.g., measure the potential of the MPCMS-style
calomel primary reference electrode under test with respect to a 25°C MPCMS-
style and laboratory-grade calomel primary reference electrode, etc.).

Elevate test cell temperatures by approximately 2°C and allow to stabilize. Repeat
the potential measurements described in Step 10 at the new test temperature. Repeat
this process of increasing the cell temperature by 2°C and making the measurements
described in Step 10 between 25°C and 35°C. Note that cell temperature must be
constant before measurements are made.

Between 35°C and 60°C, continue the iterative process of increasing the cell
temperature and making the measurements described in Step 10, but increase cell
temperature in 5°C increments. Note that cell temperature must be constant before
measurements are made.

If time allows, repeat the measurements described in Step 10, but while lowering the
test cell temperatures in 5°C increments from 60°C to 35°C, then in 2°C increments
from 35°C to 25°C. Note that cell temperature must be constant before
measurements are made.
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The test matrix is shown in Table 2-2. Test exceptions for the procedure detailed in RPP-PLLAN-
43915 are listed in Appendix D.

Table 2-2. Temperature Test Matrix.

Working Electrodes Reference Flectrodes Temperature Range

MPCMS-style Ag/AgCl MPCMS-style Ag/fAgCl 25°C
{ Temperature Range 25°C — 60°C) Laboratory-grade Ag/AgCl 25
MPCMS-style Calomel MPCMS-style Calomel 25°C
{Temperature Range 25°C — 60°C) Laboratory-grade Calomel 25°¢
MPCMS-style Cu/CuSO, MPCMS-style Cu/CuSO, 25°C
{Temperature Range 25°C — 60°C) Laboratory-grade Cu/CuS0O,4 25°C

‘Ag/AgCl 25°C — 60°C

MPCMS-style under test | Calomel 25°C —60°C

Cu/CuS0Oy 25°C —60°C
AAR TC-128 or ASTM A537CL1 AFARC, e o
(Temperature Range 25°C — 60°C) WPEME-SFle ol 2,
Cuw/CuS0y 25°C.
Ap/ApgCl 25°C
Laboratory-grade Calomel 25°€
Cuw/CuSQOy 25°C

The temperature was adjusted by increasing (or decreasing) the temperature by two degrees
between the temperatures of 25°C and 35°C. Smaller temperature intervals were used to obtain
higher potential resolution at temperatures typically maintained in waste tanks. The temperature
was increased (or decreased) in increments of five degrees between the temperatures of 35°C and
60°C. Larger increments were utilized at higher temperatures where potential resolution was not
as essential, but general trends in data were sought.

Temperatures were allowed to stabilize for approximately 2-3 hours before each set of electrode
potential measurements were collected. However, because temperature measurements were not
taken at equal time intervals for the duration of the experiment, the potential data is presented
with respect to temperature instead of time.

2.3 RESULTS

The results of testing to characterize the relationship between MPCMS-style primary reference
electrode potential and temperature in 241-AY-101 waste simulant and 241-AN-107 waste
simulant are shown in Figures 2-3 and 2-4, respectively. The results of testing to characterize the
relationship between tank steel electrode potential and temperature in 241-AY-101 waste
simulant and 241-AN-107 waste simulant are shown in Figures 2-5 and 2-6, respectively.

Due to the large amount of data collected in the test program, it is not possible or necessary to
show all data to summarize the general results of testing. Instead, selected data representative of
the results of testing are presented below in an effort to summarize the general results of testing.
Additional test data are shown in Appendix E should the reader wish to investigate the results of
testing in greater detail.
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Figure 2-3. Potential of MPCMS-Style Primary Reference Electrodes Under Test in
241-AY-101 Waste Simulant at Various Temperatures with Respect to MPCMS-Style
Primary Reference Electrodes Held at 25°C.

MPCMS Primary Reference Electrodes Under Test vs. 25°C MPCMS
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Figure 2-4. Potential of MPCMS-Style Primary Reference Electrodes Under Test in
241-AN-107 Waste Simulant at Various Temperatures with Respect to MPCMS-Style
Primary Reference Electrodes Held at 25°C.
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Figure 2-5. Potential of AAR TC128 Steel Electrode Under Test in 241-AY-101 Waste
Simulant at Various Temperatures with Respect to MPCMS-Style Primary Reference
Electrodes Held at 25°C.

AAR TC128 vs. 25°C MPCMS Primary Reference Electrodes in AY-101
Simulant
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Figure 2-6. Potential of ASTM AS337 CL1 Steel Electrode Under Test in 241-AN-107 Waste
Simulant at Various Temperatures with Respect to MPCMS-Style Primary Reference
Flectrodes Held at 25°C.
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2.4 DISCUSSION

In general, testing of the MPCMS-style primary reference electrodes showed a relatively direct
relationship between temperature and electrode potential. This trend is particularly apparent in
the MPCMS-style calomel reference clectrodes as measured with respect to the MPCMS-style
calomel reference electrodes held at 25°C. The trend is similar, but less pronounced in the
MPCMS-style Ag/AgCl electrodes and similar, and similar but more erratic for the MPCMS-
style Cw/CuSO, electrodes. The difference in magnitude of potential shifts with temperature
between the calomel and Ag/AgCl electrodes is not clearly related to the differences in the
magnitude of the temperature coefficients for these two electrodes (i.e., 0.22 mV/°C for the
calomel electrode and 1.00 mV/°C for the Ag/AgCl electrode). The erratic behavior of the
Cu/CuSOjy electrode is likely due to changes in solubility of CuSO,4 with temperature (i.e., the
stability of the potential of Cu/CuSQO, reference electrodes is dependent on maintaining a
saturated CuSQO; solution within the electrode).

The results of the experimental work generally mimic data obtained from the MPCMS currently
installed in tank 241-AN-102, where measured potentials for all three types of primary reference
electrodes fluctuate with temperature. Recent field data from the 241-AN-102 MPCMS is
available in RPP-RPT-38932, 241-AN-102 Multi-Probe Corrosion Monitoring System:
September, October, and November Ouarterly Report.'® In the upper regions of the tank,
fluctuations in electrode potential appear to be more inversely related to temperature than in the
lower regions of the tank. However, this could be due, at least in part, to the relative locations of
the thermocouples with respect to the MPCMS.

In both the laboratory tests and in the field data, the primary reference electrode potentials appear
to shift by approximately 4 mV/°C. In addition, tank steel in both waste simulants showed no
significant trend with temperature. The large variations in potential of the steel electrodes over
time is more likely related to the passivation of the electrode surfaces. This observed potential
shift in both laboratory and field data is approximately 4 to 8 times the shift predicted by the
electrode temperature coefficients. Since the laboratory test data are similar to tank data, it is
assumed that this large shift is not related to the waste tank environment. The shift may be
related to the MPCMS primary reference electrode design, possibly having to do with the
movement of electrolyte through the porous Kynar electrode tip, or with the unique gel-type
filling solution used in the MPCMS-style electrodes. The shift observed in the tank data does
not appear to be related to ¢lectrode malfunction.

3.0 LIQUID IN-LEAKAGE TESTING

3.1 BACKGROUND AND PURPOSE

Shortly after the installation of the MPCMS into Tank 241-AY-102, the data recorded from the
MPCMS began to indicate a number of electrode failures. Details of these failures can be found
in RPP-RPT-40661, 241-AY-102 Multi-Probe Corrosion Monitoring System: Weeks 13 and 14

1% The 241-AN-107 waste simulant was designed to be similar to the waste found in the supernatant region for Tanks
241-AN-102 and 241-AN-107.
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Report. In the ensuing troubleshooting process, it was discovered that some of the cable shields
were no longer effectively isolated from the test retumn lead (i.e., relatively low leakage
resistances were measured between some of the cable shields and the test return lead attached to
the tank riser). The leakage resistances were noteworthy since during factory acceptance testing
all cable shields were electrically isolated from the probe body and other conductors (measured
as >20 MQ resistance).!! Likewise, during construction acceptance testing shortly before system
installation, the electrical isolation between cable shields and conductors was re-tested and
confirmed (measured as >400 MQ resistance).'? Test results indicate that all cable shields
associated with electrodes and Electrical Resistance (ER) sensors in the lower ~19.5 ft of the
fixed probe (i.e., the electrodes and the ER sensor in the sludge layer of the tank and the
supernatant ER sensor) are no longer electrically isolated from the test return lead. T.eakage
resistance between these shields and the test return lead range from 383Q to 120kQ. At higher
elevations on the probe, the supernatant electrode cable shields remain isolated from the test
return (i.e., leakage resistance >400 MQ). Field measurements from the June 22, 2009
troubleshooting tests taken by Washington River Protection Solutions, I.1.C personnel can be
found in RPP-RPT-40661.

To compromise the electrical isolation of the cable shields inside the probe body, a conductive
electrolyte not present during factory or construction acceptance testing must now be present
inside the in-tank probe body. To make contact with the shields, the intruding electrolyte would
also have to seep under the heat shrink tubing at the electrode-ends of the cables.’? The type of
liquid that appears to be inside the probe and the mode of entry is still unknown.

It is possible, though unlikely, that an interface between the fixed probe body and a primary
reference electrode, secondary reference electrode, or ER sensor could be providing a leakage
path for tank waste. However, these interface points are specifically designed to prevent waste
in-leakage and all interfaces and joints passed helium leak detection testing following fabrication
(as documented in RPP-RPT-40633). Still, tank waste in-leakage must be considered based on
the number of affected shields, the fact that tank waste is thought to be capable of dissolving the
two-part foam, and the gradual change in the measured shield leakage resistances evident in the
troubleshooting over time. For waste to enter at the interface between an electrode (either
primary or secondary) or ER sensor and the probe body, the waste would have to overcome
either a threaded National Pipe Thread connection or a Swagelok™"* fitting and/or a compressed
glass-to-metal seal (rated by the manufacturer to withstand pressures of 3,600 psi).
Theoretically, one of the glass-to-metal seals could have cracked or been damaged during
installation, but typically only hairline cracks form in these seals, if they fail at all, and this type
of crack should not allow liquid entry.

Another plausible scenario is that the two component liquids that make up the two-part foam
used to fill the fixed probe body may not have completely reacted during injection. Residual

Y RPP-RPT-40633, Factory Acceptance Test Report for the 241-AY-102 Multi-Probe Corrosion Monitoring System.
2 RPP-RPT-40867, Construction Acceplance and Process Test Report for the 241-4Y-102 Multi-Probe Corrosion
Monitoring System.

B Inside the probe, each primary and secondary reference electrode cable shield is cut back and insulated with heat
shrink tubing at the interface with the back of the electrode (i.e., shields are not connected to anything at electrode
end of cable).

" Swagelok is a registered trademark of Swagelok Company, Solon, Ohio.
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component fluid left inside the fixed probe body could migrate over time, either by gravity or by
wicking up cable bundles. Based on a similar problem experienced (and corrected) during the
241-AY-101 MPCMS fabrication process, it is known that at least one of the individual
components used to make up the two-part foam is conductive prior to reaction (cured foam is not
conductive). Full reaction of both components is not guaranteed during the injection/mixing
process used to fill the probe body with foam; thus, conductive foam component liquid could
now be in contact with electrode cables or shields. However, the fact that the problem went
undetected during leak detection cable checks performed in both the factory acceptance test and
construction acceptance tests, as well as continuity testing during factory acceptance testing
(RPP-RPT-40633) and construction acceptance testing (RPP-RPT-40867), makes it difficult to
understand how a substantial quantity of un-reacted foam component liquid could be present
inside the probe.

Other modes of failure have been also been considered (i.¢., condensation, external moisture in-
leakage, tank waste leakage at welded fittings or stud welds, etc.), but these modes appear to be
even more unlikely than waste in-leakage or the presence of un-reacted foam component liquid.

No data are available in the literature to characterize the effects of an intruding liquid on data
collected from the MPCMS, so laboratory testing has been performed to characterize these
phenomena. The test plan is detailed in RPP-P1LAN-43916, Test Plan for Evaluating the Effects
of MPCMS Primary Reference Electrode Electrolyte Contamination and MPCMS Probe Body
Liquid In-Leakage. Test results are expected to aid in the evaluation of field data from the Tank
241-AY-102 MPCMS, and MPCMSs installed in other tanks.

3.2 EXPERIMENTAL SETUP

The liquid in-leakage experimental apparatus consisted of two test cells, each containing the
following:

1. One cach of the MPCMS-style primary reference electrodes (i.e., Ag/AgCl,
Cu/CuSQy,, and calomel electrodes under test);

2. One tank material electrode under test;

3. One of cach of the secondary reference electrodes [i.e., silver (Ag), copper (Cu), and
nickel (N1) under test]; and

4. Approximately one liter of tank waste stimulant from either 241-AY-101 or
241-AN-107 tanks.

Both test cells containing the electrodes under test were immersed in an insulated bath.
Temperature control of the bath was attained using a PolyScience Model 7306 temperature
controller and water-cooled copper cooling coils. A condenser was used in each of the test cells
to help minimize losses due to evaporation. A second constant temperature bath was set up to
hold a set of MPCMS-style primary reference electrodes and a set of laboratory-grade primary
reference electrodes at 25°C. The constant-temperature electrodes were partially immersed in a
beaker of 1M potassium chloride solution and the beaker was partially immersed in the 25°C
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bath. A set of a potazsium chlon de zalt bridges were installed between each test cell containing
the electrodes under test and the 25°C reference electrode cell. The use of salt bridges facilitated
potential measurements while minimizing solution contamination of the reference electrodes
held at 25°C. Figure 3-1 depicts the experimental setup for the liquid in-leakage test.

Figure 3-1. Liguid In-Leakage Test Apparatus (Salt Bridges MNot Shown).
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The general test procedure 15 described bel ow
1. Fill Test Cell #1 with at least 1L of 241-AY-101 simulant.
2. Immerse an & AR TC128 electrode into Test Cell #1.
3. Immerse Cu, TN, and Ag secondary reference electrodes into Test Cell #1.

4 Immerse one of each of the three types of MPCRE prim ary reference electrodes in
Test Cell #1 {calomel, CufCusCy, AgfAgCl

5. Fill Test Cell #2 with at least 11 of 241-A1-107 simulant.
&  Immersze an ASTH A537 CL1 electrode into Test Cell #2.
7. Immerse Cu, Ih, and Ag secondary reference electrodes into Test Cell #2.

#. Immerse one of each of the three types of MPCME primary reference electrodes in
Test Cell #2 (calomel, CufCusCy, AgfAgCl.
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Immerse Test Cell #1 and Test Cell #2 in a constant temperature bath and allow test
cell temperatures time to equilibrate at approximately 35°C.

Set aside one of each of the three types of MPCMS primary reference electrodes
(calomel, Cu/CuSQ4, Ag/AgCl) and allow to equilibrate at 25°C.

Set aside one of each of the three types of laboratory-grade primary reference
electrodes (calomel, Cuw/CuSQO,, Ag/AgCl) and allow to equilibrate at 25°C.

After test cell temperature and electrode potentials have stabilized, make the
following measurements in each test cell and record the measurements on the data
sheets provided in Appendix C:

o Test solution pH, bath temperature, and mark time and date,

o Measure the potentials of the ASTM A537 CL.1, AAR TC128, Cu, Ni, and Ag
secondary reference electrodes under test with respect to:

= Each of the three MPCMS-style primary reference electrodes that are
under test in the respective test cells (calomel, Cu/CuSQy4, Ag/AgCl),

= Each of the three 25°C MPCMS-style primary reference electrodes
(calomel, Cu/CuSO,, Ag/AgCl), and

= Each of the three 25°C laboratory-grade primary reference electrodes
(calomel, Cu/CuSQy4, Ag/AgCl).

o Measure the potentials of each of the MPCMS-style primary reference electrodes
(calomel, Cu/CuSQ4, Ag/AgCl) under test with respect to a 25°C MPCMS-style
reference electrode of the same type and a 25°C laboratory-grade reference
electrode of the same type (e.g., measure the potential of the MPCMS-style
calomel primary reference electrode under test with respect to a 25°C MPCMS-
style and laboratory-grade calomel primary reference electrode, etc.).

o Measure the potential between each electrode under test (MPCMS-style calomel,
MPCMS-style Cu/CuSQO,, MPCMS-style Ag/AgCl, tank material, Ni, Cu, and Ag
electrodes) and its respective electrode housing.

Wet the back of each electrode under test with water in each test cell. Ensure that
there is a continuous path of water between the feed-through body and the feed-
through conductor stud. Repeat the potential measurements described in Step 12
using the feed-throughs that have been wetted with water.

Remove the wetted feed-throughs. Clean, dry, and re-install the feed-throughs and
electrodes. Allow test cells and electrode potentials to re-equilibrate at 35°C.

Repeat the potential measurements described in Step 12 on the clean feed-throughs.
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Wet the back of each feed-through with waste simulant. Ensure that there is a
continuous path of waste simulant between the feed-through body and the feed-
through conductor stud. Repeat the potential measurements described in Step 12
using the feed-throughs that have been wetted with waste simulant.

Remove the wetted feed-throughs. Clean, dry, and re-install the feed-throughs and
electrodes. Allow test cells and electrode potentials to re-equilibrate at 35°C.

Repeat the potential measurements described in Step 12 on the clean feed-throughs.

Wet the back of each feed-through with Handi-Foam®"® E84 Class I Spray Foam Part
B Component Liquid. Ensure that there is a continuous path of foam component
liquid between the feed-through body and the feed-through conductor stud. Repeat
the potential measurements described in Step 12 using the feed-throughs that have
been wetted with foam component liquid.

The test matrix is shown in Table 3-1. Test exceptions for the procedure detailed in RPP-PLAN-
43916 are listed in Appendix D.

Table 3-1. Liquid In-Leakage Test Matrix.

Test Electrode Electrodes Used as Test Reference
MPCMS-style Ag/AgCl
MPCMS-style Ag/AgCl Laboratory-grade Ag/AgCl

Electrode Housing

MPCMS-style Calomel
MPCMS-style Calomel Laboratory-grade Calomel
Electrode Housing

MPCMS-style Cu/CuSOy
MPCMS-style Cu/CuS0O, Laboratory-grade Cu/CusQOy
Electrode Housing

Ag/ApCl
MPCMS-style under test Calomel
Cu/CuSO,
Ag Secondary, Ag/AgCl

Ni Secondary, MPCMS-style reference Calomel
Cu Secondary, and Cu/CuS0O,
TC-128 or ASTM A537 CL1 Ag/AgCl
Laboratory-grade reference Calomel
Cu/CuS0,

Electrode Housing

Y Handi-Foam is a registered trademark of Fomo Products, Inc., Norton, Ohio.
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3.3 TANK MATERIAL AND SECONDARY REFERENCE ELECTRODE
RESULTS

NOTE: For the purposes of this discussion, the term “wetted” or “wetted electrode™ indicates the
presence of some form of liquid on the back of the electrode causing a short between the
electrode and the metallic electrode housing.

The measured potentials for the wetted electrodes are presented in Figures 3-2 through 3-9. In
each figure, the potential values for the electrode are grouped in order by contamination/cleaning
steps as follows:

1. Initial potential, prior to wetting (e.g., Clean Ni),

2. Potential after wetting with water (e.g., Water Ni),

3. Potential after cleaning and drying after water test (e.g., Clean Ni),

4. Potential after wetting with waste simulant (e.g., Waste Ni),

5. Potential after cleaning and drying after waste simulant test (e.g., Clean Ni), and
6. Potential after wetting with foam component B (e.g., Foam Ni).

Due to the large amount of data collected in the test program, it is not possible or necessary to
show all data to summarize the general results of testing. Instead, selected data representative of
the results of testing are presented below in an effort to summarize the general results of testing.
Additional test data are shown in Appendix E should the reader wish to investigate the results of
testing in greater detail.
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Figure 3-2. 241-AY-101 Nickel Electrode Wetting. Potential of the Nickel Secondary
Reference Electrode is Measured with Respect to the Reference MPCMS-Style Primary
Reference Electrodes at Room Temperature in 241-AY-101 Waste Simulant. Groups

Represent Individual Contamination Steps.
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Figure 3-3. 241-AN-107 Nickel Electrode Wetting. Potential of the Nickel Secondary
Reference Electrode is Measured with Respect to the Reference MPCMS-Style Primary
Reference Electrodes at Room Temperature in 241-AN-107 Waste Simulant. Groups

Represent Individual Contamination Steps.
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Figure 3-4. 241-AY-101 Copper Electrode Wetting. Potential of the Copper Secondary
Reference Electrode is Measured with Respect to the Reference MPCMS-Style Primary
Reference Electrodes at Room Temperature in 241-AY-101 Waste Simulant. Groups

Represent Individual Contamination Steps.
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Figure 3-5. 241-AN-107 Copper Electrode Wetting. Potential of the Copper Secondary
Reference Electrode is Measured with Respect to the Reference MPUCMS-Style Primary
Reference Electrodes at Room Temperature in 241-AN-107 Waste Simulant. Groups

Represent Individual Contamination Steps.
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Figure 3-6. 241-AY-101 Silver Electrode Wetting. Potential of the Silver Secondary
Reference Electrode is Measured with Respect to the Reference MPCMS-Style Primary
Reference Electrodes at Room Temperature in 241-AY-101 Waste Simulant. Groups

Represent Individual Contamination Steps.
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Figure 3-7. 241-AN-107 Silver Electrode Wetting. Potential of the Silver Secondary
Reference Electrode is Measured with Respect to the Reference MPCMS-Style Primary
Reference Electrodes at Room Temperature in 241-AN-107 Waste Simulant. Groups

Represent Individual Contamination Steps.
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Figure 3-8. 241-AY-101 Tank Material Electrode Wetting. Potential of the AAR TC128
Secondary Reference Electrode is Measured with Respect to the Reference MPCMS-Style
Primary Reference EFlectrodes at Room Temperature in 241-AY-101 Waste Simulant.
Groups Represent Individual Contamination Steps.
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Figure 3-9. 241-AN-107 Tank Material Electrode Wetting. Potential of the ASTM AS37
CL1 Secondary Reference Flectrode is Measured with Respect to the reference MPCMS-
Style Primary Reference Electrodes at Room Temperature in 241-AN-107 Waste Simulant.
Groups Represent Individual Contamination Steps.
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3.4 TANK MATERIAL AND SECONDARY REFERENCE ELECTRODE
DISCUSSION

Note that the potentials measured from each “clean” electrode in between wetting steps (i.e., the
“clean” measurement between wetting with water and wetting with waste simulant) are not
always the same. While great efforts were made to clean and dry each electrode in between
wetting steps, it was very difficult to return the electrodes to their pre-wetted condition,
particularly after the tests using waste simulant. It is for this reason that new baseline
measurements were taken after each electrode cleaning operation.

3.4.1 241-AY-101 Test Cell
Potential differences for each wetting step measured for each secondary reference electrode in

the 241-AY-101 test cell with respect to each MPCMS primary reference electrode held at 25°C
are documented in Table 3-2.
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Table 3-2. Potential Difference Measured for the Secondary Reference Electrodes with
Respect to Each Reference MPCMS Primary Reference Electrode Held at 25°C in the 241-

AY-101 Test Cell.

(lean Ni and Water Ni Clean Ni and Waste Ni Clean Ni and Foam Ni
[mV] [mV] [mV]
Ag(Cl -232.9 -594.5 -176.9
Calomel -234.1 -596.2 -163.8
CuSQ, -234.5 -596.5 -169.8
Clean Cu and Water Cu | Clean Cu and Waste Cu | Clean Cu and Foam Cu
[mV] [mV] [mV]
Ags(Cl 2.4 -352.8 2.3
Calomel 1 -354.3 1.4
CuSQ, -0.7 -354.3 1.2
Clean Ag and Water Ag | Clean Ag and Waste Ag | Clean Ag and Foam Ag
[mV] [mV] [mV]
Ag(Cl -215.8 -648.3 -42.2
Calomel -106.5 -649.9 -128.2
CuS0O, -217 -649.5 -42.6
Clean AAR TC128 and Cl“;’;‘:SQAARA};CTng?d Clean AAR TC128 and
Water AAR TC128 [mV] [mV] Foam AAR TC128 [mV]
Ag(Cl -216.9 -629.7 -7.6
Calomel -225.8 -630.9 -6.8
CuS0O, -127.4 -630.8 -2.3

3.4.1.1. Nickel

Figure 3-2 shows the measured potentials of the nickel secondary reference electrode in the
241-AY-101 test cell. After wetting with water, the potential of the nickel electrode dropped
approximately 230 mV with respect to all three MPCMS primary reference electrodes held at
25°C. When wetted with 241-AY-101 waste simulant, the potential of the nickel electrode
decreased approximately 395 mV with respect to all three MPCMS primary reference electrodes
held at 25°C. The potential of the nickel electrode decreased approximately 170 mV when
wetted with Foam Part B Component.

3.4.1.2. Copper

Figure 3-4 shows the measured potentials of the copper secondary reference electrode in the
241-AY-101 test cell. After wetting with water, the potential of the copper electrode remained
relatively constant with respect to all three MPCMS primary reference electrodes held at 25°C.
When wetted with 241-AY-101 waste simulant, the potential of the copper electrode decreased
approximately 350 mV with respect to all three MPCMS primary reference electrodes held at
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25°C. The potential of the copper electrode was relatively unaffected when wetted with Foam
Part B Component.

3.4.1.3. Silver

Figure 3-6 shows the measured potentials of the copper secondary reference electrode in the
241-AY-101 test cell. After wetting with water, the potential of the silver electrode decreased by
about 215 mV with respect to the Ag/AgCl and Cu/CuSOy electrodes, held at 25°C. The
potential of the silver electrode with respect to the calomel electrode held at 25°C decreased only
about 100 mV. When wetted with 241-AY-101 waste simulant, the potential of the silver
electrode decreased approximately 650 mV with respect to all three MPCMS primary reference
electrodes held at 25°C. The potential of the silver electrode decreased by about 40 mV with
respect to the Ag/AgCl and Cuw/CuSO, electrodes, and about 130 mV with respect to the calomel
electrode, when wetted with Foam Part B Component.

Waste simulant had the greatest affect on the measured potential of the silver secondary
reference electrode. When wetted with both water and foam component B, the relationship
between the silver electrode and the MPCMS-style calomel electrode held at 25°C seems to be
erratic. The potential of each secondary reference electrode changes approximately equally with
respect to every MPCMS-style primary reference electrode held at 25°C. The relationship
between the silver electrode and the MPCMS-style calomel electrode at 25°C does not follow
this trend.

3.4.1.4. AARTC128

Figure 3-8 shows the measured potentials of the AAR TC128 tank material electrode in the
241-AY-101 test cell. After wetting with water, the potential of the AAR TC128 electrode
decreased by about 220 mV with respect to the MPCMS-style Ag/AgCl and calomel electrodes,
held at 25°C. The potential of the AAR TC128 electrode with respect to the MPCMS-style
Cu/CuSQy electrode held at 25°C decreased only about 130 mV. When wetted with 241-AY-
101 waste simulant, the potential of the AAR TC128 electrode decreased approximately 630 mV
with respect to all three MPCMS-style primary reference electrodes held at 25°C. Lastly, the
potential of the AAR TC128 electrode decreased by about 5 mV with respect all three MPCMS-
style primary reference electrodes held at 25°C.

When wetted with water and foam, the relationship between the AAR TC128 electrode and the
MPCMS-style Cu/CuSO; electrode held at 25°C seems to be inconsistent. The potential of each
secondary reference electrode changes approximately equally with respect to every primary
reference electrode held at 25°C. The relationship between the AAR TC128 ¢lectrode and the
Cu/CuS80Q;, electrode does not follow this trend.

3.4.2 241-AN-107 Test Cell

Potential differences for each wetting step measured for each secondary reference electrode in
the 241-AN-107 test cell with respect to each MPCMS primary reference electrode held at 25°C
are documented in Table 3-3.
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Table 3-3. Potential Difference Measured for the Secondary Reference Electrodes with
Respect to Each Reference MPCMS Primary Reference Electrode Held at 25°C in the 241-
AN-107 Test Cell.

Clean Ni and Water Ni Clean Ni and Waste Ni Clean Ni and Foam Ni
[mV] jmV] [mV]
As(Cl -40.9 -163 -68.1
Calomel -41 -161 -68.5
CuSQ, -41.6 -157.5 -68.4
Clean Cu and Water Cu | Clean Cu and Waste Cu Clean Cu and Foam Cu
jmV] jmV] [mV]
AgCl 2D -1.5 -10.5
Calomel 36.4 92 -10.8
CuS0y -8.6 -5.7 -10.8
Clean Ag and Water Ag | Clean Ag and Waste Ag | Clean Ag and Foam Ag
[mV] [mV] [mV]
Ag(Cl -199.2 -179.3 -67.4
Calomel -156.6 -177.4 -67.6
CuS0Q, -198.7 -173.7 -67.9
Clean ASTM AS37 CL1 Clean ASTM AS37 Clean ASTM AS537 C11
and Water ASTM AS37 ClL.1and Waste ASTM and Foam ASTM AS37
CL1 [mV] AS37 CL1 [mV] CL1 [mV]
AgCl -128.1 -148.7 -82.2
Calomel -129.6 -145.2 -82.8
CuS0y -130.2 -141.6 -83.1

3.4.2.1. Nickel

Figure 3-3 shows the measured potentials of the nickel secondary reference electrode in the
241-AN-107 test cell. After wetting with water, the potential of the nickel electrode dropped
approximately 40 mV with respect to all three MPCMS-style primary reference electrodes held
at 25°C. When wetted with 241-AN-107 waste simulant, the potential of the nickel electrode
decreased approximately 160 mV with respect to all three MPCMS-style primary reference
electrodes held at 25°C. Lastly, the potential of the nickel electrode decreased approximately
68 mV when wetted with Foam Part B Component.

3.4.2.2. Copper

Figure 3-5 shows the measured potentials of the copper secondary reference electrode in the
241-AN-107 test cell. After wetting with water, the potential of the copper electrode decreased
by approximately 5 mV with respect to the MPCMS-style Ag/AgCl and Cuw/CuSO, reference
electrodes held at 25°C. The potential of the copper electrode increased by 36 mV with respect
to the calomel reference electrode held at 25°C. When wetted with 241-AN-107 waste simulant,
the potential of the copper electrode decreased approximately 5 mV with respect to all three
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MPCMS primary reference electrodes held at 25°C. Lastly, the potential of the copper electrode
decreased by about 10 mV with respect to all three MPCMS-style reference electrodes held at
25°C when wetted with Foam Part B Component.

The relationship between the copper electrode and the MPCMS-style calomel electrode held at
25°C 1s erratic when wetted with water. The potential of each secondary reference electrode
seems to change approximately equally with respect to every MPCMS-style primary reference
electrode held at 25°C. The relationship between the copper electrode and the MPCM S-style
calomel electrode does not follow this trend.

Wetting both with water and waste simulant seemed to have little effect on the measured
potential of the copper electrode. Foam Part B Component did affect the measured potential
slightly; however the copper ¢lectrode in the 241-AN-107 test cell was relatively unaftected by
the wetting process.

3.4.2.3. Silver

Figure 3-7 shows the measured potentials of the silver secondary reference electrode in the
241-AN-107 test cell. After wetting with water, the potential of the silver electrode decreased by
about 200 mV with respect to the MPCMS-style Ag/AgCl and Cu/CuSO; electrodes, held at
25°C. The potential of the silver electrode with respect to the MPCMS-style calomel electrode
held at 25°C decreased only about 155 mV. When the electrode was wetted with 241-AN-107
waste simulant, the potential decreased approximately 175 mV with respect to all three MPCMS-
style primary reference electrodes held at 25°C. Lastly, the potential of the silver electrode
decreased by about 68 mV with respect to all three MPCMS-style primary reference electrodes
held at 25°C when wetted with Foam Part B Component.

Both water and waste simulant had a similar effect on the measured potential of the silver
secondary reference electrode, decreasing the potential about 180 mV.

When wetted with water, the relationship between the silver electrode and the MPCMS-style
calomel electrode held at 25°C is erratic. The potential of each secondary reference electrode
seems to change approximately equally with respect to every MPCMS-style primary reference
electrode held at 25°C. The relationship between the silver electrode and the MPCMS-style
calomel electrode does not follow this trend.

3.4.2.4. ASTM A537 CL1

Figure 3-8 shows the measured potentials of the ASTM AS537 CL1 tank material electrode in the
241-AN-107 test cell. After wetting with water, the potential of the ASTM AS537 CL1 electrode
decreased by about 130 mV with respect to all three MPCMS-style primary reference electrodes
held at 25°C. When wetted with 241-AN-107 waste simulant, the potential of the ASTM AS537
CL1 electrode decreased approximately 145 mV with respect to all three MPCMS-style primary
reference electrodes held at 25°C. Lastly, when wetted with Foam Part B Component, the
potential of the ASTM AS537 CL1 ¢lectrode decreased by about 83 mV with respect to all three
MPCMS-style primary reference electrodes held at 25°C.
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Both water and waste simulant had a similar effect on the measured potential of the ASTM A537
CL1 secondary reference electrode, decreasing the potential about 135 mV.

3.43 Equivalent Circuit

Electrical diagrams offer a useful explanation to the behavior observed when the back of a
reference electrode contained in a metallic housing is wetted with a conductive liquid. An
electrical diagram of a secondary reference electrode in a liquid-filled MPCMS probe is shown
in Figure 3-10 below.

Figure 3-10. Electrical Schematic of a Secondary Reference Electrode
in an In-Tank Probe with Waste In-Leakage.

< >

VIN VOUT
RLEAKAGE

PROBE WALL

Vv = potential at the reference electrode-to-electrolyte interface
Rimsrage = DC resistance of leakage path from electrode to probe body.

Vour = measured potential from electrode lead wires

Under normal circumstances, secondary reference electrodes are electrically isolated from the
probe body, therefore Ripakace can be considered to be infinite. However, should waste in-
leakage occur, Rypakace will equal the inherent resistance of the liquid. As depicted in Figure
3-10, this resistance will be formed between the electrode to the probe body.

The voltage potential at the electrode-tank waste interface (Vi) is typically measured by
connecting a multimeter to a lead terminated to an electrode. The voltage measured at the
electrode lead (Vour) is equal to Vin.

If liquid in-leakage were to electrically connect an electrode to the probe body. as shown in
Figure 3-10, current can flow from the electrode-to-clectrolyte interface in two directions: to the
electrode lead or to the probe body. Normally Vout should equal Vin; however, if the in-leaked
fluid were highly conductive, it would have some effect on Vot due to the impedance between
the metal electrode and the conductive solution. When the voltage at the electrode lead (Vour) is
measured against the voltage of the electrode housing, the resulting potential is equal to the true
voltage potential at the electrode-tank waste interface (Viy).
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3.5 PRIMARY REFERENCE ELECTRODE RESULTS

NOTE: For the purposes of this discussion, the term “wetted” or “wetted electrode™ indicates the
presence of some form of liquid on the back of the electrode causing a short between the
electrode and the metallic electrode housing.

The measured potentials for the wetted primary reference electrodes are presented in Figures 3-
11 through 3-16. In each figure, the potential values for the electrode are grouped in order by
contamination/cleaning steps as follows:

1. Initial potential, prior to wetting (e.g., Clean Ag/AgCl),

2. Potential after wetting with water (e.g., Water Ag/AgCl),

3. Potential after cleaning and drying after water test (e.g., Clean Ag/AgCl),
4. Potential after wetting with waste simulant (e.g., Waste Ag/AgCl),

5. Potential after cleaning and drying after waste simulant test (e.g., Clean Ag/AgCl),
and

6. Potential after wetting with Foam Part B Component (e.g., Foam Ag/AgCl).

Duge to the difference in structure of the primary reference electrodes from the secondary
reference electrodes, the measured potentials of the primaries were expected to be affected
differently than the secondary reference electrodes. All primary reference electrodes under test
in the test cells were measured with respect to their corresponding reference MPCMS-style
electrodes in the 25°C reference cell. The potentials of the Ag/AgCl, calomel, and Cu/CuSQO;4
electrodes are represented in Figures 3-11 and 3-12, 3-13 and 3-14, and 3-15 and 3-16,
respectively.

With few exceptions, the effect of each contamination step on the potential of the electrodes is
similar to that observed for the metallic electrodes. In general, the waste simulant, when in
contact with the back of the electrodes, resulted in a much larger negative shift in potential than
the other contaminants produced. Interestingly, the 241-AY-101 simulant produced much more
significant potential shifts than the 241-AN-107 simulant. The water and foam component
contamination steps result in similar potential shifts for each electrode.

Due to the large amount of data collected in the test program, it is not possible or necessary to
show all data to summarize the general results of testing. Instead, selected data representative of
the results of testing are presented below in an effort to summarize the general results of testing.
Additional test data are shown in Appendix E should the reader wish to investigate the results of
testing in greater detail.
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Figure 3-11. Measured Potential of the Ag/Ag(l Electrode with Respect to the Reference
MPCMS-Style Primary Reference Electrodes at Room Temperature in 241-AY-101 Waste
Simulant. Groups Represent Individual Contamination Steps.
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Figure 3-12. Measured Potential of the Ag/AgCl Electrode with Respect To the Reference
MPCMS-Style Primary Reference Electrodes at Room Temperature in 241-AN-107 Waste
Simulant. Groups Represent Individual Contamination Steps.
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Figure 3-13. Measured Potential of the Calomel Electrode with Respect to the Reference
MPCMS-Style Primary Reference Electrodes at Room Temperature in 241-AY-101 Waste

Simulant. Groups Represent Individual Contamination Steps.
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Figure 3-14. Measured Potential of the Calomel Electrode with Respect to the Reference
MPCMS-Style Primary Reference Electrodes at Room Temperature in 241-AN-107 Waste

Simulant. Groups Represent Individual Contamination Steps.
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Figure 3-15. Measured Potential of the Cu/CuSO4 Electrode with Respect to the Reference
MPCMS-Style Primary Reference Electrodes at Room Temperature in 241-AY-101 Waste
Simulant. Groups Represent Individual Contamination Steps.
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Figure 3-16. Measured Potential of the Cu/CuSO, Electrode with Respect to the Reference
MPCMS-Style Primary Reference Electrodes at Room Temperature in 241-AN-107 Waste
Simulant. Groups Represent Individual Contamination Steps.
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3.6 PRIMARY REFERENCE ELECTRODE DISCUSSION

Note that the potentials measured from each “clean” ¢lectrode in between wetting steps (i.e., the
“clean” measurement between wetting with water and wetting with waste simulant) are not
always the same. While great efforts were made to clean and dry each electrode in between
wetting steps, it was very difficult to return the electrodes to their pre-wetted condition,
particularly after the tests using waste simulant. It is for this reason that new baseline
measurements were made after each electrode cleaning operation.

3.6.1 241-AY-101 Test Cell

Potential differences for each wetting step measured for each MPCMS primary reference
electrode in the 241-AY-101 test cell with respect to each MPCMS primary reference electrode
held at 25°C are documented in Table 3-4.

Table 3-4. Potential Difference Measured for the Primary Reference Electrodes Under
Test with Respect to Respective MPCMS Primary Reference Electrode Ileld at 25°C in the
241-AY-101 Test Cell.

Clean Ag/AgCl and Water | Clean Ag/AgCl and Waste | Clean Ag/AgCl and Foam
Ag/AgCl [mV] Ag/AgCl [mV] Ag/AgCl [mV]
Ag/AgCl -109 -413.7 21.2
Clean Calomel and Water | Clean Calomel and Waste | Clean Calomel and Foam
Calomel [mV] Calomel [mV] Calomel [mV]
Calomel 13 -145.3 14.4
Clean Cu/CuS0O, and Clean Cu/CuSO, and Clean Cu/CuSO, and
Water Cu/CuSQ, [mV] Waste Cu/CuSO, [mV] Foam Cu/CuSQO, [mV]
Cu/CuS0, -5.07 -431 -3.5

3.6.1.1. Silver/Silver Chloride

Figure 3-11 shows the measured potentials of the Ag/AgCl primary reference electrode under
test in the 241-AY-101 test cell with respect to the reference Ag/AgCl primary reference
electrode held at 25°C. After wetting with water, the potential of the Ag/AgCl primary reference
electrode under test dropped 109 mV. When wetted with 241-AY-101 waste simulant, the
potential of the Ag/AgCl primary reference electrode under test decreased by 414 mV. The
potential of the Ag/AgCl primary reference electrode under test decreased 21 mV when wetted
with Foam Part B Component.

3.6.1.2. Calomel

Figure 3-13 shows the measured potentials of the calomel primary reference ¢lectrode under test
in the 241-AY-101 test cell with respect to the reference calomel electrode held at 25°C. Afier

wetting with water, the potential of the calomel primary reference electrode under test increased
by 13 mV. When wetted with 241-AY-101 waste simulant, the potential of the calomel primary
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reference electrode under test decreased 145 mV. The potential of the calomel primary reference
electrode under test increased 14 mV when wetted with Foam Part B Component.

3.6.1.3. Copper/Copper Sulfate

Figure 3-15 shows the measured potentials of the Cu/CuSOy primary reference electrode under
test in the 241-AY-101 test cell with respect to the reference Cu/CuSQ, primary reference
electrode held at 25°C. After wetting with water, the potential of the Cu/CuSO, primary
reference electrode under test decreased by 5 mV. When wetted with 241-AY-101 waste
simulant, the potential of the Cu/CuSO, primary reference electrode under test decreased

431 mV. The potential of the Cu/CuSQ; primary reference electrode under test decreased 4 mV
when wetted with Foam Part B Component.

3.6.2

241-AN-107 Test Cell

Potential differences for each wetting step measured for each MPCMS primary reference
electrode under test in the 241-AN-107 test cell with respect to each MPCMS primary reference
electrode held at 25°C are documented in Table 3-5.

Table 3-5. Potential Differences Measured for the Primary Reference Electrodes Under
Test with Respect to Respective MPCMS Primary Reference Electrode Ileld at 25°C in the
241-AN-107 Test Cell.

Clean Ag/AgCl and Water
Ag/AgCl [mV]

Clean Ag/AgCl and Waste
Ag/AgCl [mV]

Clean Ag/AgCl and Foam
Ag/AgCl [mV]

AgiAgCl -5.6 -33 0.9
Clean Calomel and Water | Clean Calomel and Waste | Clean Calomel and Foam
Calomel [mV] Calomel [mV] Calomel [mV]
Calomel -44.6 -8.2 -1.8
Clean Cu/CuS0O, and Clean Cu/CuSO, and Clean Cu/CuSO, and
Water Cu/CuS0Q, [mV] Waste Cu/CuSO, [mV] Foam Cu/CuSQ, [mV]
Cu/CuS0, -157.6 -86.9 -55.7

3.6.2.1. Silver/Silver Chloride

Figure 3-12 shows the measured potentials of the Ag/AgCl primary reference electrode under
test in the 241-AN-107 test cell with respect to the reference Ag/AgCl primary reference
electrode held at 25°C. After wetting with water, the potential of the Ag/AgCl primary reference
electrode under test dropped 6 mV. When wetted with 241-AN-107 waste simulant, the potential
of the Ag/AgCl primary reference electrode under test decreased 3 mV. The potential of the
Ag/AgCl primary reference electrode under test increased 1 mV when wetted with Foam Part B

Component.
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3.6.2.2. Calomel

Figure 3-14 shows the measured potentials of the calomel primary reference ¢lectrode under test
in the 241-AN-107 test cell with respect to the reference calomel primary reference electrode
held at 25°C. After wetting with water, the potential of the calomel primary reference electrode
under test decreased by 45 mV. When wetted with 241-AN-107 waste simulant, the potential of
the calomel primary reference electrode under test decreased 8.2 mV. The potential of the
calomel primary reference electrode under test decreased 2 mV when wetted with Foam Part B
Component.

3.6.2.3. Copper/Copper Sulfate

Figure 3-16 shows the measured potentials of the Cu/CuSQy primary reference electrode under
test in the 241-AN-107 test cell with respect to the reference Cu/CuSQy primary reference
electrode held at 25°C. After wetting with water, the potential of the Cu/CuSQ, primary
reference electrode under test decreased by 157 mV. When wetted with 241-AN-107 waste
simulant, the potential of the Cu/CuSQO, primary reference electrode under test decreased 87 mV.
The potential of the Cu/CuSQO, primary reference electrode decreased 56 mV when wetted with
Foam Part B Component.

3.6.3 Equivalent Circuit

Electrical diagrams offer a useful explanation to the behavior observed when the back of an
electrode contained in a metallic housing is wetted with a conductive liquid. An electrical
diagram of a primary reference electrode in a liquid-filled MPCMS probe body is shown in
Figure 3-17.

Figure 3-17. Electrical Schematic of a Primary Reference Electrode
in an In-Tank Probe with Waste In-Leakage.
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Vv = potential at the reference electrode-to-electrolyte interface
Reprr = DC resistance of the electrode body.
Rigarace = DC resistance of leakage path from electrode to probe body.

Vour = measured potential from electrode lead wires

41



RPP-RPT-44463, Rev. 0

For primary reference electrodes, Regrr 18 very large and equal to the resistance through the
porous Kynar junction and secondary junction. Under normal circumstances, the electrode is
completely electrically isolated from the probe body, therefore Ry gaxace can be considered to be
infinite. Current can only flow from the electrode-to-electrolyte interface to the electrode lead.
However, should waste in-leakage occur, Ry pakace will be equal to the resistance of the in-
leaked liquid between the electrode to the probe body.

The voltage potential at the electrode-tank waste interface (Viy) is typically measured by
connecting a voltmeter to a lead terminated to an electrode. The voltage measured at the
electrode lead (Vour) is equal to Vi minus the voltage drop across Regrr. When the electrode
and probe body are electrically isolated, this measurement technique is an effective way to
determine Viy. The voltage drop across Regrr, should be negligible if a high impedance
voltmeter is used, and Vypshould approximate Viy.

If liquid in-leakage were to electrically connect a primary reference electrode to the probe body,
as shown in Figure 3-17, current can flow from the electrode-to-electrolyte interface in two
directions: to the electrode lead or to the probe body. Veurwill no longer equal Vi, and it will
instead follow the voltage divider equation shown in Equation 1:

Rreak
Voyr = ————=—— V. 1
OUT ™ Rppax+Rcpi 1~ &
Because Reprp is large, Rppax has a significant impact on the measurement of Voyr. When the
voltage at the electrode lead (Vour) 1s measured against the voltage of the electrode housing, the
resulting potential is equal to the voltage potential at the electrode-tank waste interface (Viy).

3.7 RELATIONSHIP TO FARM DATA

The 241-AY-101 test cell was designed to replicate the conditions in Tanks 241-AY-101 and
241-AY-102. In March, 2009 several secondary reference electrodes began to fail in the
MPCMS probe installed in Tank 241-AY-102. Table 3-6 shows the approximate measured shift
in potential recorded from each of the failed electrodes with respect to each of the three types of
primary reference electrode.

The Tank column in Table 3-6 shows the approximate measured potential of the secondary
reference electrodes made with respect to the primary reference electrodes installed on the
241-AY-102 MPCMS over the course of the initial failed electrode data shift.'® These values are
very similar to the magnitude of the potentials collected for the copper, silver, and tank material
electrodes wetted with waste simulant in the Waste column of Table 3-6.

18 Data from Figures B4 and B5 of RPP-RPT-40661, 2009, 241-4Y-102 Multi-Probe Corrosion Monitoring System:
January 2010 Monthly Report.
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Table 3-6. Measured Potential Difference Recorded for 241-AY-102 Failed Secondary
Reference Flectrodes with Respect to Each MPCMS Primary Reference Electrode
Compared to Data from Table 3-2.

Ni
Tank [mV] Water [ImV] Waste [ImV] Foam [mV]
AgCl 200 -232.9 -594.5 -176.9
Calomel 100 -234.1 -596.2 -163.8
CuSO, 100 -234.5 -596.5 -169.8
Cu
Tank [mV] Water [mV] Waste [mV] Foam [mV]
AgCl 400 -2.4 -352.8 2.3
Calomel 300 1 -354.3 1.4
CuSO, 200 -0.7 -354.3 1.2
Ag
Tank [mV] Water [mV] Waste [mV] Foam [mV]
AgCl 500 -215.8 -648.3 -42.2
Calomel 400 -106.5 -649.9 -128.2
CuSO, 400 217 -649.5 -42.6
AAR TC128
Tank [mV] Water [mV] Waste [mV] Foam [mV]
AgCl 500 -216.9 -629.7 -7.6
Calomel 600 -225.8 -630.9 -6.8
CuS0, 600 -127.4 -630.8 -2.3

While the shift in magnitude for most of the ¢lectrodes is similar, the shift in potential collected
from the 241-AY-102 MPCMS moved in the more positive direction, whereas the experimental
data moved in the more negative direction after the back of the electrodes were wetted. The
reason for the disparity most likely stems from the mixed potential formed by multiple metals in
electrical contact with the electrodes. The bodies of the electrodes used in the experiment were
installed in stainless steel housings, while the electrodes installed on the corrosion probe are in
contact with the much larger carbon steel body of the MPCMS.

The liquid in-leakage experiment demonstrated that wetting the back of an electrode with the
most conductive fluid (waste simulant) generally had the greatest effect on the measured
potential. This effect was particularly true of the tests run using 241-AY-101 waste simulant.
The potential of the metallic electrodes wetted with 241-AY-101 waste simulant shifted by
approximately 300 mV to 650 mV (with respect to 25°C MPCMS primary reference electrodes).
Wetting the backs of most of the metallic electrodes with water or foam component liquid caused
the electrodes to shift in potential by 0 mV to 250 mV (with respect to a clean electrode of the
same type). The potential of the primary reference electrodes wetted with 241-AY-101 waste
simulant shifted by approximately 150 mV to 450 mV (with respect to a clean electrode of the
same type). Wetting the backs of the primary reference electrodes with water or foam
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component liquid caused the electrodes to shift in potential by approximately 0 mV to 100 mV
(with respect to a clean electrode of the same type).

After installation, some of the metallic electrodes on the 241-AY-102 MPCMS shifted suddenly
by 400 — 600 mV as measured with respect to the primary reference electrodes. Even though the
direction of the shift in the laboratory data is opposite the direction of the shift on failed
electrodes in the field data, the similarity in the magnitudes of the shifts suggests the ingress of
tank waste into the probe body.

4.0 ELECTRODE ELECTROLYTE CONTAMINATION

4.1 BACKGROUND AND PURPOSE

The primary reference electrodes on MPCMSs will eventually fail. Over time, all primary
reference electrodes continuously immersed in a solution of interest will become contaminated
by the solution of interest due to diffusion of solution into the electrode body through the porous
electrode tip. In the instance of MPCMS electrodes, the diffusion process may be accelerated by
radiation-induced swelling of the materials comprising the electrodes. Ideally, the potential of a
primary reference electrode would remain fixed at a given temperature. However, contamination
of the electrode filling solution will cause the potential of the reference electrode to drift under
field conditions. Since the MPCMS represents a new application for these electrodes, it is
unclear as to when such degradation can be expected or what the effect will be on electrode
potential. Laboratory testing has been performed to characterize the effects of electrode
contamination by tank waste. The test plan is described in detail in RPP-PLAN-43916. Test
results are expected to aid in the evaluation of field data from the Tank 241-AY-102 MPCMS,
and MPCMSs installed in other tanks.

4.2 EXPERIMENTAL SETUP

The electrode electrolyte contamination experimental apparatus consists of two test cells, each
containing the following:

1. One cach of the MPCMS-style primary reference electrodes (i.e., Ag/AgCl,
Cu/CuSQy, and calomel),

2. One tank material electrode, and

3. Approximately one liter of tank waste stimulant from either 241-AY-101 or
241-AN-107 tanks.

A single insulated constant temperature bath was used for this set of experiments. Both the
Teflon test cells containing the electrodes under test and the beaker containing a set of MPCMS-
style primary reference electrodes and a set of laboratory-grade primary reference electrodes
were partially immersed in this constant 25°C insulated bath. Temperature control of the bath
was attained using a PolyScience Model 7306 temperature controller and water-cooled copper
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cooling coils. Condensers were not used due to the short duration of the testing. A set of
potassium chloride salt bridges were installed between each test cell containing the electrodes
under test and the 25°C reference electrode cell. Figure 4-1 depicts the experimental setup for
the electrolyte contamination test.

Figure 4-1. Electrode Electrolyte Contamination Test Setup.

The general test procedure is described below:
1. Fill a Test Cell #1 with at least 1L of 241-AY-101 simulant.
2. Immerse an AAR TC128 electrode into Test Cell #1.

3. Immerse one of each ofthe three types of MPCMS primary reference electrodes in
Test Cell #1 (calomel, Cw/CuSO4, Ag/AgCl)

4. Fill Test Cell #2 with at least 1L of 241-AN-107 simulant.
5. Immerse an ASTM AS537 CL1 electrode into Test Cell #2.

6. Immerse one of each of the three types of MPCMS primary reference electrodes in
Test Cell #2 (calomel, Cw/CuSO4, Ag/AgCl).

7. Immerse Test Cell #1 and Test Cell #2 in a constant temperature bath and allow test
cell temperatures time to equilibrate at approximately 35°C.
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8. Set aside one of each of the three types of MPCMS primary reference electrodes
(calomel, Cu/CuSO4, Ag/AgCl) and allow to equilibrate at room temperature.

9. Set aside one of each of the three types of laboratory-grade primary reference
electrodes (calomel, Cu/CuS0O4, Ag/AgCl) and allow to equilibrate at room
temperature.

10. After test cell temperature and electrode potentials have stabilized, make the
following measurements in each test cell and record these measurements on the data
sheets provided in Appendix C:

o Test solution pH, bath temperature, and mark time and date,

o Measure the potentials of the ASTM A537 CL.1 and AAR TC128 electrodes
under test with respect to:

=  Each of the three MPCMS-style primary reference electrodes under test in
the respective test cells (calomel, Cu/CuSQ4, Ag/AgCl),

= Each of the three room temperature MPCMS-style primary reference
electrodes (calomel, Cu/CuSQ,, Ag/AgCl), and

= Each of the three room temperature laboratory-grade primary reference
electrodes (calomel, Cu/CuSQy, Ag/AgCl).

o Measure the potentials of each of the MPCMS-style primary reference electrodes
under test (calomel, Cu/CuSQy, Ag/AgCl) with respect to a 25°C MPCMS-style
reference electrode of the same type and a 25°C laboratory-grade reference
electrode of the same type (e.g., measure the potential of the immersed MPCMS-
style calomel primary reference electrode with respect to a 25°C MPCMS-style
and a 25°C laboratory-grade calomel primary reference electrode, etc.).

11. Using a hypodermic needle or other appropriate device, contaminate the filling
solution of each of the MPCMS-style primary reference electrodes under test
(calomel, Cu/CuSO4, Ag/AgCl) in each Test Cell with approximately 0.1 to 0.5 mL
of the appropriate waste simulant. Agitate the contaminated ¢lectrodes to ensure
adequate mixing of the contaminant and filling solution.

12. Repeat the potential measurements described in Step 10.

13. Repeat Steps 11 and 12 at appropriate intervals until no significant changes in
potential are recorded during each measurement cycle, the primary reference
electrode body has no additional capacity for contaminant, or until otherwise
terminated by the Test Director.

The test matrix is shown in Table 4-1. Test exceptions for the procedure detailed in RPP-PLLAN-
43916 are listed in Appendix D.
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Table 4-1. FElectrode Electrolyte Contamination Test Matrix.

Test Electrode Electrodes Used as Test Reference
MPCMS-style Ag/AgCl
MPCMS-style Ag/AgCl Laboratory-grade Ag/AgCl

AAR TC-128 or ASTM A537 CL1
MPCMS-style Calomel
MPCMS-style Calomel Laboratory-grade Calomel
AAR TC-128 or ASTM A537 CL1
MPCMS-style Cu/CusSQy

MPCMS-style Cu/CuSOy Laboratory-grade Cu/CuS0O,

AAR TC-128 or ASTM A537 CL1

Ag/ApCl

MPCMS-style under test Calomel
Cu/Cus0,

Ag/ApgCl

TC-128 or ASTM A537 CL.1 MPCMS-style reference Calomel
Cu/Cuis0,

Ag/AgCl

Laboratory-grade reference Calomel
Cu/Cus0,

4.3 RESULTS

Figures 4-2 and 4-3 show the effects of contamination of the primary reference electrode
electrolyte solution on the measured potential. Similar patterns were observed during the
progressive contamination of each primary reference electrode for both waste simulants.
However, a larger effect was observed on the electrodes contaminated with 241-AY-101
simulant. The potentials of the calomel and Ag/AgCl electrodes, when measured with respect to
corresponding reference electrodes, remain close to zero for the duration of the experiment.
Nevertheless, the measured potential for the Cu/CuSOy primary reference electrode fluctuates
over 100 mV with an overall trend moving in the negative direction.

Similarly, the potentials of the tank material electrodes in each of the test cells experience
fluctuations in measured potential during progressive electrolyte contamination of the primary
reference electrodes under test. The overall potential shift for the AAR TC-128 tank material
electrode measured with respect to the primary reference electrodes contaminated with the
241-AY-101 waste simulant is 100 mV in the positive direction. The resulting potential shift for
the ASTM A537 CL1 tank steel material electrode when measured with respect to the primary
reference electrodes contaminated with the 241-AN-107 simulant is approximately 10 mV in the
negative direction.

Due to the large amount of data collected in the test program, it is not possible or necessary to
show all data to summarize the general results of testing. Instead, selected data representative of
the results of testing are presented below in an effort to summarize the general results of testing.
Additional test data are shown in Appendix E should the reader wish to investigate the results of
testing in greater detail.
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Figure 4-2. Measured Potentials of the MPCMS Primary Reference Electrodes Under Test
with Respect to the Corresponding 25°C Flectrodes and Measured Potentials of the Tank
Material Electrodes Measured with Respect to the MCPMS Electrodes Under Test in
241-AY-101 Waste Simulant.
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Figure 4-3. Measured Potentials of the MPCMS Primary Reference Electrodes Under Test
with Respect to the Corresponding 25°C Flectrodes and Measured Potentials of the Tank
Material Electrodes Measured with Respect to the MCPMS Electrodes Under Test in
241-AN-107 Waste Simulant.
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Because of the porous frit, gradual failure due to loss/contamination of electrolyte fill solution
has been predicted for the MPCMS-style primary reference electrodes installed on the corrosion
probes. As aresult, the electrolyte contamination experiment was designed to simulate the
progressive contamination at an accelerated rate.

Similar effects on electrode potential were observed during the progressive contamination of
each primary reference electrode for both waste simulants. However, the 241-AY-101 simulant
produced a greater shift in electrode potential. The potentials of the calomel and Ag/AgCl
electrodes, as measured with respect to similar uncontaminated reference electrodes. did not
change substantially over the course of the experiment. The potential of the Cu/CuSO, electrode
shifted by approximately -100 mV over the course the experiment.

The measured potentials of the tank material electrodes in each of the test cells fluctuated during
the progressive stages of reference ¢lectrode electrolyte contamination. The potential of the
AAR TC-128 tank material electrode, as measured with respect to the contaminated primary
reference electrodes, shifted in the positive direction by approximately 100 mV. The potential of
the ASTM A537 CL1 tank material electrode, as measured with respect to the contaminated
primary reference electrodes, shifted in the negative direction by approximately 10 mV.

The functionality of the MPCMS-style primary reference electrodes is dependent on two aspects
of the composition of the fill solution:
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1. That the solution has a sufficient number of ions available to efficiently transfer
charge across the frit, and

2. That the concentration of the ions affecting the potential on the electrode is
unchanged except as a response to the measurement of interest.

The first aspect indicates that the fill solution should be an equitransferent solution where the
anions and cations have equivalent mobilities to carry current through the frit. The standard
voltage produced by the clectrode can only be correct if no additional voltage is supplied by a
liquid junction potential formed at the frit. Formation of a liquid junction can occur if two
separate electrolytes come into contact with each other, and smaller, more mobile ions move
across the boundary, disrupting the voltage. To combat liquid junction formation, a highly
concentrated filling solution is used to ensure that the supplied ions carry the current, thus
producing the correct voltage.

Typical standard laboratory reference electrodes rely on gravity driven flow of the fill solution
through the frit. Flow is ensured by allowing the inner chamber of the electrode contact with the
atmosphere through a small hole in the top of the electrode. This hole prevents a pressure
decrease in the inner chamber, which can halt electrolyte flow. In the lab, the electrode filling
solution is simply replaced as it is depleted. In the case of MPCMS-style primary reference
electrodes, the inner chamber is isolated from the atmosphere and electrolyte flow is
compromised. The magnitude of the resulting liquid junction potential (and therefore the
deflection of the clectrode potential from expected values) has not been determined.

Under experimental conditions, a change in potential of less than 25 mV is observed for the
calomel and Ag/AgCl electrodes when measured with respect to the same MPCMS electrodes at
25°C. Numerous chemical reactions may be taking place during the ¢lectrolyte contamination
process due to the complex chemical composition of the simulants; however, the central
chemistry driving the reference electrode potential appears to be relatively unaffected.

Taking the Ag/AgCl reference electrode as an example, the Nernst Equation for the potential of
the reference clectrode is shown in Equation 2:

E = E°—>Inag 2)
Where:
E is the total voltage,
E is the standard cell potential (in this case 0.222 V),
R is the gas constant,
7 1s the amount of electrons transferred (in this case 1),
F is Faraday’s constant, and

acy 18 the activity of the chloride ion in the inner chamber of the electrode.
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In equation 2, % and E° are constants. It can be seen that the total voltage of the cell is

dependent on the activity of chloride in solution. Activity, also called effective concentration,
depends on the self-interactive behavior of an ion in solution. Activity can be approximated by
molar concentration in both ideal and dilute solutions. In concentrated solutions, however,
activity 1s dependent on but not equal to molar concentration. As a result, the total voltage of the
cell is therefore also dependent on the concentration of chloride in solution.

When the electrolyte is contaminated with tank waste simulant, it is probable that two processes
affect the potential. The most important process is likely the dilution of the chloride ions in the
fill solution, causing an overall decrease in concentration. The magnitude of this effect can be
calculated using the Nernst equation. In the case where the fill solution is saturated with
potassium chloride, the activity of chloride (ac) is equal to 3, and the second term in the Nernst
equation has a value of 0.023V, vielding the expected potential for a Ag/AgCl electrode of
0.199V at 25°C. Decreasing ac in the Nernst equation to a value of 1 causes the second term to
decrease to 0 V, yielding a potential of 0.222 V (the standard cell potential). Decreasing acy in
the calculation to equal that of the 241-AY-101 simulant (0.05) decreases the second term in the
Nernst equation to -0.077 V, yielding a potential of 0.299 V. Completely replacing the fill
solution with stimulant should produce a change in potential on the order of 100 mV.

The fact that the change in potential was smaller than 100 mV when the fill solution was
removed and replaced with waste simulant suggests that other chemical processes are causing
electron flow at the silver wire. The simulants contain anions and other molecules that may
complex silver. If the formation of silver complexes takes place, metallic silver atoms on the
electrode wire would be removed from the wire and introduced into solution as complexes,
possibly liberating electrons at the wire surface. The activity of anions forming silver complexes
would then be relevant to the calculation of the cell potential using the Nernst equation in a
manner analogous to that for chloride. The result would be an increase in current, and therefore
voltage. Whether or not significant complexation is taking place and its effect on the reference
electrode potential is not determined here, but it may be conceptually relevant.

Similar reasoning applies to the observed change in potential for the calomel reference electrode
except that the relevant Nernst equation has a constant involving the K of calomel and involves
the square of the chloride activity (z is 2). Dilution of the fill solution decreases the chloride
concentration and mercury may also form complexes with the components of the stimulants.

Explaining the trends observed for the Cu/CuSQO, electrode is made more complicated by the fact
that a gas was liberated after the addition of the simulant. Based on the chemistry of the
simulants, two possible reactions may be occurring to cause the gas evolution. Because the
241-AY-101 simulant has a high carbonate concentration, a pH driven release of CO, may cause
the bubbling, and slightly erratic potential measurements. The other process that may cause the
gas evolution may stem from multiple redox reactions occurring as the simulant is added.
Possible gasses that could be emitted include oxygen and hydrogen. Besides the slightly
irregular potential data measured for the Cu/CuSQy electrode, it is noted that the overall direction
of the potential is in the negative direction. In order to explain this trend, the Nernst equation for
the electrode is investigated (Equation 3). Because the second half of the equation is added to
the cell potential variable, Eo, the resultant total voltage, £, would increase as the activity is
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decreased. The potential difference between the electrode and a reference electrode would then
move in a more negative direction.

RT
E= ED + glna6u2+ (3)

An equally important relationship to understand is the effect of the potential of the tank material
electrodes made with respect to the primary reference electrodes as progressive contamination
ensues. Focus for this discussion should stay on the first three steps of the contamination
process, as the electrodes still contain the original electrolyte in addition to the waste simulant.
Because only a small shift in potential is observed in the primary reference electrodes under test,
it is difficult to argue that the change in potential observed for the tank material electrodes is
related to the contamination process. The potential shift for the tank material electrodes can
most likely be attributed to change over time or other factors not considered for this experiment.

3.0 SUMMARY AND CONCLUSIONS

51 TEMPERATURE

Temperature testing was performed both to determine the effect of temperature on MPCMS
primary reference electrode potentials and to establish a baseline against which to measure the
potential of tank material electrodes during temperature variations. Testing indicated that a
relatively direct relationship exists between the MPCMS primary reference electrode potentials
and temperature. As with data from the MPCMS installed in 241-AN-102, test data indicated
that the MPCMS-style primary reference electrodes shift with temperature by a greater
magnitude than predicted by the electrode temperature coefficients. No significant trend was
observed between tank material electrode potential and temperature. Relatively large variations
in the potential of the steel electrodes were observed in the laboratory testing, similar to the
behavior observed in the field data shortly after installation of the MPCMS. These fluctuations
are most likely associated with the electrode passivation process over a variety of temperatures.

The similarity between tank data and experimental data indicates that the tank waste
environment is not likely the cause of the larger than expected potential shift with temperature.
Reasons for the larger than expected shift may be related to eclectrode frit design or the gel-type
electrode filling solution used in the MPCMS-style electrodes. Most data from the 241-AN-102
MPCMS shows a direct relationship between primary reference electrode potential and
temperature with one notable exception. Data from the 241-AN-102 MPCMS shows an inverse
relationship with tank temperature variations in the supernatant region. Reasons for this effect
are currently unknown, but may have to do with the relative installation locations of the
thermocouple tree and the MPCMS in the tank.

3.2 LIQUID IN-LEAKAGE

Liquid in-leakage testing was performed to better understand the effects of forming an electrical
short between each type of electrode and a simulated MPCMS probe body, and to help identify
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the conductive liquid contained in Tank 241-AY-102. Shifts in potential induced by the
electrode wetting experiments generally correlated with the conductivity of the wetting liquid.
241-AY-101 waste simulant seems to be more conductive than 241-AN-107 waste simulant.
Both waste simulants were more conductive than water and Foam Part B Component. Water and
Foam Part B Component seem to have similar conductivities. The observed potential differences
induced by 241-AY-101 tank waste are opposite in sign, but similar in magnitude to the potential
shifts recorded on failed electrodes on the MPCMS in Tank 241-AY-102. Though the direction
of the potential shift in the laboratory data is opposite of that observed in tank data, the
magnitude of the shift may indicate that tank waste has intruded into the 241-AY-102 MPCMS.

3.3 ELECTROLYTE CONTAMINATION

An electrolyvte contamination experiment was performed to characterize the effects of a
progressive contamination of MPCMS primary reference electrodes. Test results indicate that
the MPCMS-style electrodes are relatively insensitive to tank waste simulant contamination.
This lack of response is not an expected result. A clear shift in potential was expected with
progressive contamination of each MPCMS primary reference electrode. It is possible that these
results indicate that the primary reference electrodes can function appropriately even after
contamination with tank waste. Because the results obtained from the electrolyte contamination
testing are so unexpected and difficult to explain, further testing should likely be performed to
both confirm and derive a basis for the results of this experiment.
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APPENDIX A

WASTE SIMULANT COMPOSITIONS
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241-AY-101 Supernatant Waste Simulant Recipe (4-Liter Batch, pH = 13)

Tare a carboy and then add the following, in order:

Gompound Formula ofsolution | o solution
Sodium Aluminate NaAlO;.2H,0 12.63 50.51
Sodium Chloride NaCl 1.06 4.25
Sodium Fluoride NaF 0.58 232
Sodium Chromate NasCrz 04 0.67 267
Sodium Sulfate Na;SO4 2.83 11.31
Sodium Phosphate, 12-Hydrate NazPO4 12H,0 18.85 75.41
Sodium Formate NaHCOO 0.86 3.45
Sodium Acetate Trihydrate NaCH.COQO.3H,0 1.21 483
Sodium Oxalate NasC:04 0.67 268
Sodium Carbonate Na,CO» 21.30 85.21
Sodium Nitrate NaNQO; 113.04 45215
Sodium Nitrite NaNQ; 14.15 56.59
Sodium Silicate Na2Si03.9H:0 0.49 1.97
Glycolic Acid CoH.0s 0.80 3.20
Sodium Hydroxide NaOH 28.44 113.76

Adjust total solution volume to 2550 mL by adding DI water.

Adjust solution temperature to 50°C to 60°C.

Filter solution by vacuum through medium glass filter. Handle with caution, hot and caustic
solution.

Rinse beaker with approximately 50 mL of DI water.

Rinse filter with approximately 50 mL of DI water.

Transfer final filtrate and rinse solutions to large beaker with stir bar.

Measure and record initial pH: 13.12.

Check to ensure pH is > 13.

Transfer to volumetric flask and include rinse with DI water. Allow solution to cool.

Adjust final solution to volume of 4 L with DI water, and mix thoroughly.

Measure and final pH: 13.50.
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241-AN-107 Supernatant Waste Simulant Recipe (4-Liter Batch, pH =10)

Tare a carboy and then add the following, in order:

Mass (g) Mass (g)

Compound Formula for1Lof for4 L of

solution solution
Deionized Water H-O 200.00 800.00
Calcium Nitrate, 4-Hydrate Ca(NO3) ;2 4H,0 3.48 13.92
Cerium Nitrate, 6-Hydrate Ce(NO3)3.6H-0 0.16 0.64
Cesium Nitrate CsNO; 0.03 0.11
Copper Nitrate, 2.5-Hydrate Cu(NO3)».2.5H,0 0.1 0.44
Ferric Nitrate, 9-Hydrate Fe(NG:); 9H,0 12.23 48.92
Lanthanum Nitrate La(NO3)3.6H-0 0.14 0.56
Lead Nitrate Pb(NO3)2 0.62 2.48
Magnesium Nitrate, 6-Hydrate Mg(NO3); 6H,O 0.26 1.04
Manganous Chloride, 4-Hydrate MnCl:.4H-0 2.03 812
Neodymium Nitrate, 6-Hydrate Nd(NO3)a.6H,0 0.29 1.16
Nickel Nitrate, 6-Hydrate Ni(NO3)2.6H:0 263 10.52
Potassium Nitrate KNO3 4.60 18.40
Strontium Nitrate Sr{NQO3):z 0.02 0.06
Zinc Nitrate, 8-Hydrate Zn(NO3)2.6H:0 0.21 0.84
Zirconyl Nitrate ZrO(NO3)oxH-0 0.19 0.76
EDTA, Ethylenediaminetetraacetate Na;EDTA 7.26 29.04
HEDTA, n-Hydroxyethylenediamine triacetate HEDTA 2.16 8.64
Sodium Gluconate CeHq1NaO5 3.93 15.72
Glycolic Acid CsH404 26.93 107.72
Citric Acid Monohydrate CsHzO7 HO 9.44 37.76
Nitrilotriacetic Acid CsHoNOg 0.57 228
Iminodiacetic Acid HN(CH,COOHj): 6.04 2416
Boric Acid H:BO; 0.20 0.80
Sodium Chleride NaCl 5.84 23.36
Sodium Fluoride NaF 0.29 1.16
Sodium Chromate NaxCr:0. 0.55 220
Sodium Sulfate Na>S0, 12.20 48.80
Potassium Molybdate KsMoQOy 0.09 0.36
SUM 302.49 1209.97
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In a separate container, mix the following:

Mass (g) Mass (g)
Compound Formula for1L of for4 L of
solution solution
Sodium Hydroxide NaOH 15.26 61.04
Aluminum Nitrate, 9-Hydrate Al(NO3)3.9H-0 537 21.48
Sodium Phosphate, 12-Hydrate NazPO4 12H,0 4.44 17.76
Sodium Formate NaHCOO 15.71 62.84
Sodium Acetate Trihydrate NaCH.COO.3H,0 2.37 9.48
Sodium Oxalate Na>C-04 1.26 5.04
Deionized Water H,O 200.00 800.00
SUM 24441 977.64
Mix thoroughly.
Then add the following to the solution in the carboy:
Sodium Carbonate Na;CO; 148.25 593.00
Mix thoroughly
Then add the following to the solution in the carboy:
Sodium Nitrate NaNQ: 297.29 1189.16
Sodium Nitrite NaNO: 82.79 331.16
Water H2O 100.00 400.00
Add and mix thoroughly. SUM 480.08 1920.32
Mix thoroughly and dilute to the 4-liter mark in the volumetric flask.
SUM TOTAL 1175.23 4700.93

Measure the pH. Adjust the final solution to desired pH by progressively adding 2 g of sodium
hydroxide (NaOH) up to 20g. Mix thoroughly after each of sodium hydroxide addition and

measure pH.




RPP-RPT-44463, Rev. 0

APPENDIX B

CALIBRATION DATA
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We hereby certify that the below noted unit was properly tested using calibrated equipment
traceable to NIST standards. This testing ensures the product meets or exceeds Published
Mechanical and Safety Specifications and your satisfaction.

Model: 7306
Serial #: 1D1010048

Test Parameters

Ambient Temp: 22.795 Operator: controllers
Test Date: 1/18/2010 Test Fixture Number: 4

Temperature Profile
45.00

40.00

35.00

30.00

25.00

20.00

15.00

10.00

5.00

0.00
0:00:00 0:04:18 0:08:25 0:12:31 0:16:36 0:20:42 0:24:49 0:28:55 0:33:03
Time (hh:mm:ss)

Control System: Verified Dialectric Strength Tested: Verified
Heating System: Verified Safety Inspected: Verified
Fit & Finish: Verified Final Inspection: Verified
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RPP-RPT-44463, Rev. 0
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YV Folyoclence

Division of Preston Industries, Inc.

Phone +1(847) 647-0611 an 1SO 9001-2000 Certified Company 6600 W Touhy Ave
Fax +1(B47) 647-1250 Established 1963 Niles, IL 60714-4516 USA
e-mail: QualityManager@polyscience.com

We hereby certify that the below noted unit was properly tested using calibrated equipment
traceable to NIST standards. This testing ensures the product meets or exceeds Published
Mechanical and Safety Specifications and your satisfaction.

Model: 7306
Serial #: 1101D0042
Test Parameters

Ambient Temp: 23.743 Operator: controllers
Test Date: 1/14/2010 Test Fixture Number: 2

Temperature Profile

45.00

40.00

35.00

30.00

25.00

20.00

15.00

10.00

5.00

0.00
0:00:00 0:07:30 0:15:37 0:23:30 0:31:01 0:38:36 0:46:52 0:54:25 1.02:0(
Time (hh:mm:ss)

Control System: Verified Dialectric Strength Tested: Verified
Heating System: Verified Safety Inspected: Verified
Fit & Finish: Verified Final Inspection: Verified

B-3



RPP-RPT-44463, Rev. 0

APPENDIX C

DATA SHEETS



% s / O
RPP-RPT-44463, Rev. 0 clg

RPP-PLAN-43915, Rev. 0

241-AY-101 Simulant

3T+
DATE: )[40 TIME: 1S om TEMP: 36 pH:_|2. 4
AAR TC128 Electrode vs. Immersed MPCMS Reference Electrodes
MPCMS MPCMS MPCMS

e & Ag/AgCl Calomel Cu/CuSQy b\zjlc*

AARTCI8 | 20L.5 | -%5[ 402 |-414-5
Test Electrodes vs. Room Temperature MPCMS Reference Electrodes
MPCMS MPCMS MPCMS

Ceol & Ag/AgCl Calomel CwCusOs | Yac

AAR TC128
~2ai.2 |-2234 (%4032 | (+)
MPCMS
Ag/AgCl é’+ 5.0
MPCMS
Calomel gl q A
MPCMS
Cu/CuSO, 6.8
Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes
Laboratory Laboratory Laboratory

VeA L) Ag/AgCl Calomel Cu/CuSO; bl(“‘]"*

AAR TC128 g
-3\12 e - 34\, | g !

MPCMS Ag/AgCl -y
MPCMS Calomel 48 g
MPCMS
Cu/CuSOy AL \

X Ad pot Shake CufCnSD4

as\

‘\4)\ q\)\
AN
o

This page may be reproduced as necessary.
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RPP-RPT-44463, Rev. 0 )Sa

RPP-PLAN-43915, Rev. 0

241-AN-107 Simulant »H>3
DATE: )/ &‘j)ﬂﬂ: TIME:_(4 15 ow* TEMP: _n.50\ pr:_[0-4W

ASTM A537 Electrode vs. Immersed MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSO;,

ASTM A537 -354.0 ~agq "% -25%.0

Test Electrodes vs. Room Temperature MPCMS Reference Electrodes

MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0Oy

ASTMAS3T | ~94¢.2 -3%9.5 - 4565.5

MPCMS

Ag/AgCl = By

MPCMS

Calomel Y cQ 2

MPCMS x l Ly

Cu/CuS0Oy )

Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes
Laboratory Laboratory Laboratory

Ag/AgCl Calomel Cu/CuS0y

ASTMASYT |- 954.5 ~-2%9.0 |-259.5

MPCMS

Ag/AgCl A5

MPCMS

Calomel 2 . \.J?

MPCMS

Cu/CuSO, -\.%

M Aidnot Stake. (~[CuSD4

This page may be reproduced as necessary
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RPP-RPT-44463, Rev. 0

—
RPP-PLAN-43915, Rev. 0 LS
241-AY-101 Simulant L™,
lb-a¥ |
DATE: (S LOD 1iME: 33,4 TEMP: _(0'30 ome pH: L\
2D
AAR TC128 Electrode vs. Immersed MPCMS Reference Electrodes
MPCMS | MPCMS MPCMS pladC
Ve é{) Ag/AgCl Calomel Cu/CuSOy4

AAR TC128 ..\'q,.u% _QSLS "(9-80-03

Test Electrodes vs. Room Temperature MPCMS Reference Electrodes

MPCMS — MPCMS MPCMS

Ag/AgCl Calomel Cu/CuSQ, | dad~
AARTCI128

4 - lUH4| -204.5 | -8
MPCMS
Ag/AgCl +4.10
MPCMS
Calomel i l a . 6
MPCMS
Cu/CuSO, tat
Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes
Laboratory Laboratory Laboratory bl AL

Ag/AgCl Calomel Cu/CuSOy

AAR TC128
=13k ek (S
MPCMS Ag/AgCl %
= . (
MPCMS Calomel
i .1k

MPCMS
Cu/CuSOy tg 5

This page may be reproduced as necessary.
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RPP-RPT-44463, Rev. 0

RPP-PLAN-43915, Rev. 0

K

C-5

L=
241-AN-107 Simulant Ib-d3.(
DATE: R[T]3/0  TIME: A3 4 TEMP: (0"H0¢ pH: (0. Ll
Sy
ASTM AS537 Electrode vs. Immersed MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSOy4
ASTMASY  |-28G 9 |- Blobd | - 44L4
Test Electrodes vs. Room Temperature MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0y4
ASTM A537 -234.) |-330.9 | -4345
MPCMS 4
Ag/AgCl i 1. ‘{
MPCMS
Calomel = 0!
MPCMS
Cu/CuSO, +3.7
Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes
Laboratory Laboratory Laboratory
Ag/AgCl Calomel Cu/CuSOy4
ASTM A537 ~-54( 5 - 41.9 =~425,.2.
MPCMS
Ag/AgCl -1 Ce. &
MPCMS
Calomel "c; e
MPCMS
Cu/CuSO0, +4a.5
This page may be reproduced as necessary
C-3 Page of




RPP-RPT-44463, Rev. 0 9' —
RPP-PLAN-43915, Rev. 0

241-AY-101 Simulant Jite T/ e B

DATE: Q|5 TIME: | 2. 20 MnTEMP: = & pH: - ((9F

AAR TC128 Electrode vs. Immersed MPCMS Reference Electrodes

MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS04
AARTCI128 ___\%2 _—a\[qq— ,C';_q.fsg
Test Electrodes vs. Room Temperature MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSQ,
AARTC128
—\L4 e |—20L4 | -235.3
MPCMS
Ag/AgCl + 9%
MPCMS
Calomel X\2-2
MPCMS
Cu/CuSOy T\ 8

Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes

Laboratory Laboratory Laboratory
Ag/AgCl Calomel Cu/CuSQy4
AARTC128 -
\L2 - 205D |[-@74F
MPCMS Ag/AgCl
- 2.5
MPCMS Calomel + \3 ) g‘_
MPCMS
Cu/CuSO, 2.9

This page may be reproduced as necessary.
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RPP-RPT-44463, Rev. 0 Q«Yh

RPP-PLAN-43915, Rev. 0

241-AN-107 Simulant Q6.9 [2e. 8
pATE:_ )\ 5  mimME: \2:30  tEMP:_)S. O pu:_(O-5€
ASTM AS537 Electrode vs. Immersed MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0,
ASTM A537 -24\.9 -262. | |-45b.g
Test Electrodes vs. Room Temperature MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0y4
ASTM A537 ~gqq_¢§. — g@f, i —454_4_
MPCMS
Ag/AgCl . ﬁf Lo
MPCMS »
Calomel I 4 O
MPCMS
Cu/CuSO, - 2.,

Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes

C-7

Laboratory Laboratory Laboratory
Ag/AgCl Calomel Cu/CuS0Oy
ASTMASY | -254.5 |[-~263.F |-43.5
MPCMS
Ag/AgCl =i+ |
MPCMS
Calomel 3-2.3
MPCMS
Cu/CuSO, 4L
This page may be reproduced as necessary
C-3 Page U of




RPP-RPT-44463, Rev. 0

RPP-PLAN-43915, Rev. 0

241-AY-101 Simulant (9“’“5’3
DATE:&Q@QTIME:&‘.@Q& TEMP: 5.0 pH:__L99

AAR TC128 Electrode vs. Immersed MPCMS Reference Electrodes

MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0Oy4
AAR TC128 -4 q. — a \q. - _.O’].%f}‘\
Test Electrodes vs. Room Temperature MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSOy4
AARTC128 '
MPCMS
Ag/AgCl +94.%
MPCMS
Calomel ¥ {7"‘9*
MPCMS L
Cu/CuS0, KN
Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes
Laboratory Laboratory Laboratory
Ag/AgCl Calomel Cu/CuSOg4
AAR TC128
-\?*3 | -905-¥ [-33I5
MPCMS Ag/AgCl
- ). é{
MPCMS Calomel
+(3.4
MPCMS
Cu/CuS04 +d. Lo

This page may be reproduced as necessary.
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241-AN-107 Simulant

pATE: AUSHHD TIME: 22 Q0P TEMP: 350

RPP-RPT-44463, Rev. 0

RPP-PLAN-43915, Rev. 0

(3% )

=

pH:__ p.00

ASTM AS537 Electrode vs. Immersed MPCMS Reference Electrodes

MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0y
ASTM A537 ~24(p-F —g@’g.d( -4(l. 9

Test Electrodes vs. Room Temperature MPCMS Reference Electrodes

MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS04
ASTM A537 ~Z4€.5 -290.¥ |-4L0.4
MPCMS
Ag/AgCl = 4 5
MPCMS
Calomel — ~4.0
MPCMS
Cu/CuSO, £ g O
Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes
Laboratory Laboratory Laboratory
Ag/AgCl Calomel Cu/CuS0y
ASTM A537 "3(:\.0 "%861_ ,..4.64,1
MPCMS
Ag/AgCl = Ylg. S
MPCMS
Calomel il 61 1Y
MPCMS
Cu/CuSOy + " %
This page may be reproduced as necessary
C-3 Page % of




RPP-RPT-44463, Rev. 0 y?

RPP-PLAN-43915, Rev. 0

241-AY-101 Simulant

DATE: A/ &5//0>  TIME: ft'.ODMEMP:c%"i/aZ%-% pH: |03

N~
o [
AAR TC128 Electrode vs. Immersed MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSOy4

AARTC128 “|¥HD | ~dped |*00ae |

Test Electrodes vs. Room Temperature MPCMS Reference Electrodes

MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSOy
AARTC128 _ lUﬁ'D o ;Cﬁ O /3% =
AgALCI +1%
Catomel e, |
Cu/Cuso, 2.4

Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes

Laboratory Laboratory Laboratory
Ag/AgCl Calomel Cu/CuSQy4

AARTC128 - \M g p QDQI_;\ _,ol% =
MPCMS Ag/AgCl | g\ ]

MPCMS Calomel

v lﬂ(-dq
MPCMS

Cu/CuSOq4 il 5 i D

This page may be reproduced as necessary.
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o
RPP-RPT-44463, Rev. 0 o (

RPP-PLAN-43915, Rev. 0

241-AN-107 Simulant

DATE: QZ&HD TIME: 400 DM TEMP: 38-"/&&9 pi:_ 0.0

570
ASTM AS537 Electrode vs. Immersed MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS04
ASTM A537 " %96-% = 5\1:)'-3 "‘!ﬂgl \
Test Electrodes vs. Room Temperature MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0,
ASTM A537 /%;M_c) /;7(0?.5 -4l 2
MPCMS
Ag/AgCl o ﬁ(%
MPCMS
Calomel -5\
MPCMS
Cu/CuS0, "’6 .9
Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes
Laboratory Laboratory Laboratory
Ag/AgCl Calomel Cu/CuS0y
ASTM A537 _35\» 2.4.0 | -42\.1
MPCMS i ]
Ag/AgCl -\
MPCMS
Calomel -4
MPCMS
Cu/CuS0O, ¥ie.|
This page may be reproduced as necessary
C-3 Page \O of
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RPP-RPT-44463, Rev. 0 CQ q OC/

RPP-PLAN-43915, Rev. 0

: (3o8)
241-AY-101 Simulant ‘aq.o
DATE: _3/57/l0 TIME: S:00 X TEMP: 0.2 pH: .90

AAR TC128 Electrode vs. Immersed MPCMS Reference Electrodes

MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSQOq4
AAR TC128 =368 -225.0 "0'184«(/
Test Electrodes vs. Room Temperature MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0O,
AAR TC128
— .0 |-210.4 e g0,
MPCMS
Ag/AgCl +4 5
MPCMS
Calomel =140
MPCMS
Cu/CuSO0, S|

Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes

Laboratory Laboratory Laboratory

Ag/AgCl Calomel Cu/CuS0y
AAR TC128

—\ g4 ~ 28,0 |[=L9
MPCMS Ag/AgCl | 2 -]
MPCMS Calomel
Ti5-2

MPCMS
Cu/CuS0;, t 5

This page may be reproduced as necessary.
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A1 °C

RPP-RPT-44463, Rev. 0

RPP-PLAN-43915, Rev. 0

(%)
241-AN-107 Simulant 3.0
DATE: 3/5//0 TIME:_5:00 P4 TEMP: _303 pH: [0.88
ASTM AS537 Electrode vs. Immersed MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0y
ASTM A537 - Dol —-2)9.2. -244.4

Test Electrodes vs. Room Temperature MPCMS Reference Electrodes

MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0Oy4
ASTM A537 -Q38.2 - 2\9. R 58.4
MPCMS
Ag/AgCl 4. Ci
MPCMS
Calomel ‘; q
MPCMS
Cu/CuSO; +5.8
Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes
Laboratory Laboratory Laboratory
Ag/AgCl Calomel Cu/CuS0Oy
ASTMAS3T | g 7 -54.8  |-%8449
MPCMS =
Ag/AgCl \ o q
MPCMS
Calomel ~.F
MPCMS
Cu/CuSO0y L. &
This page may be reproduced as necessary
C.3 Page \3-  of
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RPP-RPT-44463, Rev. 0
RPP-PLAN-43915, Rev. 0

241-AY-101 Simulant a4l

DATE: A [D[]U  TIME: (7 STy TEMP: 32 K pH: [/ Ty

et

AAR TC128 Electrode vs. Immersed MPCMS Reference Electrodes

MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSOy
AAR TC128 Re-~ -Adle .3 el B

Test Electrodes vs. Room Temperature MPCMS Reference Electrodes

MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS04

AAR TC128 s,
| (€7 .4 A\ O - L0

MPCMS A =

Ag/AgCl + L2

MPCMS v

Calomel A =

MPCMS

Cu/CuSO0y

Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes

Laboratory Laboratory Laboratory
Ag/AgCl Calomel Cu/CuSOy
AAR TC128 g ; " ) s
| SV 3 - A8 ~ A48
MPCMS Ag/AgCl .
g/ g L. ') : ‘_\
MPCMS Calomel WIPH
T i U« ™D
MPCMS L i
Cu/CuSO;4 i

This page may be reproduced as necessary.
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241-AN-107 Simulant

N

DATE: &)< []L

RPP-RPT-44463, Rev. 0

RPP-PLLAN-43915, Rev. 0

TIME: {, BV pm

2 ). ‘3

pH:_{{). (o |

‘\ rl

TEMP: %) ¥y

ASTM AS537 Electrode vs. Immersed MPCMS Reference Electrodes

MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS04
_ A _N ‘L) - =
ASTM A537 54 5\, .-)_]%ukl

Test Electrodes vs. Room Temperature MPCMS Reference Electrodes

MPCMS MPCMS MPCMS

Ag/AgCl Calomel Cu/CuSOy4
ASTM A537 ~2pAA = Lp4. 2 + DR
MPCMS e
Ag/AgCl 2
MPCMS ~
Calomel -
MPCMS Y. Q
Cu/CuSO; (0 “]

Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes

Laboratory Laboratory Laboratory

Ag/AgCl Calomel Cu/CuSQy
ASTM A537 —a2a5.l (-0 - 2.4
MPCMS S
Ag/AgCl =1
MPCMS
Calomel =
MPCMS 4

3
Cu/CuSO, +9-
This page may be reproduced as necessary
C-3 Page \U‘ of
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RPP-RPT-44463, Rev. 0

RPP-PLAN-43915, Rev. 0
241-AY-101 Simulant (24.4)
pATE: SFA\bli0 TiME: 8220  TEMP: 243 pu: [ F0O
22 1
a2
AAR TC128 Electrode vs. Immersed MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
reA Ag/AgCl Calomel Cu/CuSQyq
AAR TC128 -122 4 2 20 2370
Test Electrodes vs. Room Temperature MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSOg4
AARTC128 -
—( o2\ - 2040 -235-T
MPCMS
MPCMS
Calomel e 3
MPCMS
Cu/CuSO, 1L
Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes
Laboratory Laboratory Laboratory
Ag/AgCl Calomel Cu/CuSO4
AAR TC128 ;
-(35.0 -L03 -230.5
MPCMS Ag/AgCl
=31.5
MPCMS Calomel
+ 3.5
MPCMS
Cu/CuSO0; r LA

This page may be reproduced as necessary.
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241-AN-107 Simulant
DATE: 2|lo/lD  TiME:_&'.20  TEMP: ‘;D’dé-?b pi: L0, (00

RPP-RPT-44463, Rev. 0

RPP-PLAN-43915, Rev. 0

(9,4.4)

ASTM A537 Electrode vs. Immersed MPCMS Reference Electrodes

MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0Qy

ASTM AS537 ——Qaq,o - Ww¥. | -244.0

Test Electrodes vs. Room Temperature MPCMS Reference Electrodes

MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0Q;,

ASTM A537 -A26-5 -2 | ..%ﬂ)g%

MPCMS La. 1

Ag/AgCl .

MPCMS

Calomel . g) .|

MPCMS

Cu/CuS0, 9.0

Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes
Laboratory Laboratory Laboratory

Ag/AgCl Calomel Cu/CuS0y,

ASTM A537 —C’,}\g},g —Al4. -227.4

MPCMS

Ag/AgCl o P

MPCMS &

Calomel q’

MPCMS

Cu/CuSOy -HA‘ 7

This page may be reproduced as necessary
C-3 Page \\0 of
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RPP-RPT-44463, Rev. 0

RPP-PLAN-43915, Rev. 0

241-AY-101 Simulant 359
(300
DATE: _8/o/jo TIME:_(0:0¢5 TEMP: _ 3.0 pH: || 35

AAR TC128 Electrode vs. Immersed MPCMS Reference Electrodes

MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0Oy4

AARTC128 -175.3 -393.3 - 340

Test Electrodes vs. Room Temperature MPCMS Reference Electrodes

MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSO,4

AAR TC128 2

196 - T ~dFb

MPCMS

Ag/AgCl s

MPCMS

Calomel T .9

MPCMS

Cu/CuS0Oy4 faY

Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes

Laboratory Laboratory Laboratory
Ag/AsCl Calomel Cu/CuSO4
AR T2 \F | -20%3 -233.9
MPCMS Ag/AgCl| 2.%
MPCMS Calomel R 2
MPCMS
Cu/CuSO, vlid

This page may be reproduced as necessary.
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241-AN-107 Simulant

RPP-RPT-44463, Rev. 0

RPP-PLAN-43915, Rev. 0

350
Bo-)

DATE: _8/p/(0 TIME:__j0:60 TEMP: 360

pH:_p55

ASTM A537 Electrode vs. Immersed MPCMS Reference Electrodes

MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0Oy

ASTM A537 ~2724.\ — 2L4.0 -25.5

Test Electrodes vs. Room Temperature MPCMS Reference Electrodes

MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSOy

ASTM A537 ~228:\ -20a.%F - 240 .4

MPCMS

Ag/AgCl 2-L.3

MPCMS

Calomel -2+

MPCMS

Cu/CuSO4 T10-

Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes

Laboratory Laboratory Laboratory
Ag/AgCl Calomel Cu/CuSOy4
ASTMASST |- 224, | -26e2 | -334.7F
MPCMS
Ag/AgCl ={4.0
MPCMS
Calomel —\.2
MPCMS
Cu/CuSOy T1S$+3
This page may be reproduced as necessary
C-3 Page \ D of
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RPP-RPT-44463, Rev. 0 400 (
RPP-PLAN-43915, Rev. 0

241-AY-101 Simulant E%\.ﬁ\)
DATE: D—*\\-’“O TIME: \:50& TEMP: MAL,E) pH: \\—}')r
Ab*

AAR TC128 Electrode vs. Immersed MPCMS Reference Electrodes

MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0Oy4
AAR TC128 -1%2.0 ~ 2.34.\ -28%.9
Test Electrodes vs. Room Temperature MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSOy4
AAR TC128
—2--3.3 |-2145 —~ 28L-2
MPCMS
Ag/AgCl * 1.9
MPCMS
Calomel 1A
MPCMS
Cu/CuSO, +2.2

Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes

Laboratory Laboratory Laboratory
Ag/AgCl Calomel Cu/CuSOy4
AAR TC128 ~\%4.9 w7 N 0 —282.p
MPCMS Ag/AgCl
g/AgCl| 2.%
MPCMS Calomel
+20.4

MPCMS s
Cu/CuSOy 5

This page may be reproduced as necessary.
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241-AN-107 Simulant

RPP-RPT-44463, Rev. 0

RPP-PLAN-43915, Rev. 0

AR

pATE: Q|10 TIME: .50 pan TEMP: _ 34545 pii: |0 44
4
ASTM A537 Electrode vs. Immersed MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0y
ASTM A537 009 - 274.\ -3e3-1
Test Electrodes vs. Room Temperature MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSOy
ASTM A537 - D264 -233.4 —2449.0
MPCMS
Ag/AgCl - L. L
MPCMS
Calomel - 0.0
MPCMS
Cu/CuSO; + 141

Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes

Laboratory Laboratory Laboratory
Ag/AgCl Calomel Cu/CuSO4
ASTM AS537 - 24’-}- | -L7F4. 8 - 244.,
MPCMS
Ag/AgCl -la.
MPCMS
Calomel o
MPCMS
Cu/CuSO4 ri 3L
This page may be reproduced as necessary
-3 Page J)©  of
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241-AY-101 Simulant
DATE: Al L?l \D

RPP-RPT-44463, Rev. 0

RPP-PLAN-43915, Rev. 0

TIME:_(0. SO TEMP: 5

Qb%

ot
$oH

pH: “;5

a oo
¥

AAR TC128 Electrode vs. Immersed MPCMS Reference Electrodes

MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSQy
AAR TC128 &4\ ~22%5 ~2495. |
Test Electrodes vs. Room Temperature MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0Q4
AAR TC128
-1R.5 - 21e-4 ~OET Y
MPCMS
Ag/AgCl +A.L
MPCMS
Calomel +Z1.0
MPCMS
Cu/CuSO, el

Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes

45¢

Laboratory Laboratory Laboratory
Ag/AgCl Calomel Cu/CuSO4

AAR TC128

-\%*2 -214.9 -282-5
MPCMS Ag/AgCl| ?) g
MPCMS Calomel

+22.%
MPCMS
Cu/CuS0, 2.8
This page may be reproduced as necessary.
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RPP-RPT-44463, Rev. 0

RPP-PLAN-43915, Rev. 0

241-AN-107 Simulant

TIME: _(9: 50pm TEMP:  (&°

pAaTE: 21| |D

A
L%q

oot

pH: 0. 47

ASTM AS537 Electrode vs. Immersed MPCMS Reference Electrodes

MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0Qy
ASTM A537 =22, = ZE4 -E¥25
Test Electrodes vs. Room Temperature MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSO,
ASTM A537 2414 - %42 - 3580,.1
MPCMS
Ag/AgCl - Fu
MPCMS
Calomel 4+ 2.3
MPCMS
Cu/CuSO, b
Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes
Laboratory Laboratory Laboratory
Ag/AgCl Calomel Cu/CuS0,
ASTM A537 -254.0 =357 —24%.F
MPCMS
Ag/AgCl 20-2
MPCMS
Calomel T e
MPCMS
Cu/CuSO0, 331
This page may be reproduced as necessary
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RPP-RPT-44463, Rev. 0

RPP-PLAN-43915, Rev. 0

241-AY-101 Simulant 28 Jooth
DATE: _3/Ha0in TIME:_g£:80 TEMP: 513 pH: [.8O
AAR TC128 Electrode vs. Immersed MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSQy
ARTCIZ8 | _\(pgD | =930}  |-882
Test Electrodes vs. Room Temperature MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSO,
AAR TC128
-\%ot% -494  |-334.9
MPCMS
Ag/AgCl v T
MPCMS
Calomel "F 9& _'}
MPCMS
Cu/CuS0y, 0.7

Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes

Laboratory Laboratory Laboratory
Ag/AgCl Calomel Cu/CuS04
AAR TC128
- 7+0.b -1a+9 - A )
MPCMS Ag/AgCl -2 o
MPCMS Calomel
+ 4.0
MPCMS
Cu/CuSO, A5

This page may be reproduced as necessary.

¢ Page Q3 of

C-24



RPP-RPT-44463, Rev. 0

RPP-PLAN-43915, Rev. 0

241-AN-107 Simulant
DATE: 8/7/3010

D0
51.8

TIME: _&:2b TEMP: 513

pH: o4l

ASTM AS537 Electrode vs. Immersed MPCMS Reference Electrodes

MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS04

i -33%3+3 | -240.0 |-233.5

Test Electrodes vs. Room Temperature MPCMS Reference Electrodes

MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0;,

ASTM A537 - 24\.2 - 2%2.1 - 2355.4

MPCMS

Ag/AgCl - F.lo

MPCMS

Calomel S,

MPCMS

Cu/CuSO, 2.1

Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes
Laboratory Laboratory Laboratory

Ag/AgCl Calomel Cu/CuSOy

ASTM A537 - 9£2.8 - 282l - 2403

MPCMS

Ag/AgCl - 2.0.9

MPCMS

Calomel + 5.3

MPCMS

Cu/CuSO, t306

This page may be reproduced as necessary
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RPP-RPT-44463, Rev. 0

RPP-PLAN-43915, Rev. 0

241-AY-101 Simulant (6%0)
DATE: D|F/I1D  TIME: "“255m TEMP:_55.4 pH: L. 54
6S.)
AAR TC128 Electrode vs. Immersed MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0Oy
AARTC128 -\14.-4 - 23.5 -2%4.9

Test Electrodes vs. Room Temperature MPCMS Reference Electrodes

MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSOy4
AARTC128 .
“ 1,4.4 - 206.9 -2¥14F
MPCMS
Ag/AgCl +10.0
MPCMS
Calomel + 445
MPCMS
Cu/CuSO; + 9.9

Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes

Laboratory
Ag/AgCl

Laboratory
Calomel

Laboratory
Cu/CuS0Oy

AARTCI128

- 1373.0

-205.4

- 233z

MPCMS Ag/AgCl

~2.%F

MPCMS Calomel

+2S .o

MPCMS
Cu/CuSO4

+ 16.0

This page may be reproduced as necessary.
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DATE:

241-AN-107 Simulant

RPP-RPT-44463, Rev. 0

RPP-PLAN-43915, Rev. 0

(§3-0)

IO TiME:_\. 25 TEMP: S5-%  pH: |D.45
581
ASTM AS537 Electrode vs. Immersed MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0,
ASTM A537
- 235 ~27b.5 - 29p.0

Test Electrodes vs. Room Temperature MPCMS Reference Electrodes

MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS04
ASTM A537 - 2&).] -262.2 -2653
MPCMS
Ag/AgCl T
MPCMS
Calomel +5.5
MPCMS
Cu/CuSO, 23
Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes
Laboratory Laboratory Laboratory
Ag/AgCl Calomel Cu/CuS0O,
ASTM A537 202.% - 2460.2 | -258.5
MPCMS
Ag/AgCl -20-2
MPCMS
Calomel + b %
MPCMS
Cu/CuSO, +30.0
This page may be reproduced as necessary
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RPP-RPT-44463, Rev. 0

RPP-PLAN-43915, Rev. 0

241-AY-101 Simulant bath: £1.]
DATE: _ 1(%(wc_ TIME: C<% 20A\ TEMP: __ 60.\ pH: L4y
haate ! Lo
AAR TC128 Electrode vs. Immersed MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSO,
~ [: rd oY
AAR TC128 = ZL 2.5 = 2@,[,7/ _’3\']")\
Test Electrodes vs. Room Temperature MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0,
AAR TCI128 5 5 it i 5
4 \C\/}j \ o . BB - )% b
MPCMS o a
Ag/AgCl (LR
MPCMS , : s
Calomel '7, b\
MPCMS .
Cu/CuSO; E \
Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes
Laboratory Laboratory Laboratory
Ag/AsCl Calomel Cu/CuSOg4
AARTC128 e A, 9 .
VA <3 g 9%,
MPCMS Ag/AgCl v
g/Ag 94
MPCMS Calomel )1 "‘)‘-\
o
MPCMS .
Cu/CuSO, 14,14

This page may be reproduced as necessary.
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RPP-RPT-44463, Rev. 0
RPP-PLAN-43915, Rev. 0

241-AN-107 Simulant et 614
DATE: _Llgl\c  TIME: 0% 26 AW TEMP: L 0.\ pH:  (T>. 24
heker O
ASTM AS37 Electrode vs. Immersed MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0y
AT A% =281 2. - 3015 -401.6
Test Electrodes vs. Room Temperature MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0Oy
ARENN 5 asn 31,2
MPCMS e R
Ag/AgCl )
MPCMS
Calomel 1.6
MPCMS - ¢/
Cu/CuSO; L5 .9
Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes
Laboratory Laboratory Laboratory
Ag/AgCl Calomel Cu/CuS0Qy
ASTM A537 . (/(),"\ ot Zc‘{,;‘] - Rl L‘\‘
MPCMS .
Ag/AgCl -70.¢
MPCMS
Calomel 41
MPCMS @
Cu/CuSOy Ak S

This page may be reproduced as necessary

C-3 Page of

C-29



RPP-RPT-44463, Rev. 0
RPP-PLAN-43915, Rev. 0

241-AY-101 Simulant

Btk 5L
pATE: Z($(1c  TIME: V.00 A TEMP: Gi g pH: (| LML
Cek pt: b) i;—
AAR TC128 Electrode vs. Immersed MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0y,
AARTC128 ~D T B ~2L 2.5 -21¥¢,2
Test Electrodes vs. Room Temperature MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0O4
AAR TC128 ]
- 144, & -236% | -301.6
MPCMS )
Ag/AgCl s 5
MPCMS
Calomel i
MPCMS 7
Cu/CuSOy4 Take

Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes

Laboratory Laboratory Laboratory
Ag/AgCl Calomel Cu/CuS0Oy4
AAR TC128 ) - " ;
_7207. 1 - 234, 5 g i
MPCMS Ag/AgCl l 7
MPCMS Calomel L
Z4.5
MPCMS .
Cu/CuS0O; [§. b

This page may be reproduced as necessary.
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RPP-RPT-44463, Rev. 0
RPP-PLAN-43915, Rev. 0

241-AN-107 Simulant

Qath 564
DATE: 2/%/@ TIME:_{\" 00 A1 TEMP: _ 558 < pH:_[0 2%
ettt §¢g
ASTM AS537 Electrode vs. Immersed MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0,
ASTM AS537 zll—l—%,é; _Zqé's’ - 29 )
Test Electrodes vs. Room Temperature MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSQ4
ASTM AR37 -246. 3 = 2%%.:2 366, 6
MPCMS .
Ag/AgCl -6
MPCMS -
Calomel 5.3
MPCMS 2
Cu/CuSO, 59, 0
Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes
Laboratory Laboratory Laboratory
Ag/AgCl Calomel Cu/CuS0y4
ASTM AS537 " 2_;4} ;) - 25 ;—L, - ’SL}S/ Li
MPCMS _ "
Ag/AgCl 11.¢
MPCMS
Calomel L’ 1
MPCMS i
Cu/CuSO, Hi 2.

This page may be reproduced as necessary

C-3

C-31

of (2/

Page ?



RPP-RPT-44463, Rev. 0

RPP-PLAN-43915, Rev. 0

241-AY-101 Simulant N sf.3%¢
DATE: 7”/%/ 1O mime: |- 30 P tEmP: S| 4-°C ALY 201

Sef p\. 50.0°C
AAR TC128 Electrode vs. Immersed MPCMS Reference Electrodes

MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSQ,

AAR TC128 ,\qq.z =255 ~-310.4

Test Electrodes vs. Room Temperature MPCMS Reference Electrodes

MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0Oy4
AARTC128 B \%(08 _229.5 ’202.4_
MPCMS
Ag/AgCl B 2
MPCMS
Calomel Zl- 3
MPCMS
Cu/CuS0Oy4 (.9 . 4

Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes

Laboratory Laboratory Laboratory
Ag/AgCl Calomel Cu/CuS0Oq

=301 . % | <2248 | =250

MPCMS Ag/AgCl ,
- L%

AAR TC128

MPCMS Calomel

2%.0
o) \® .4

This page may be reproduced as necessary.
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241-AN-107 Simulant
DATE: Z/%/ 1O TimE:) T'kogr\« remp: SL-4C  Ln. 0.2

RPP-RPT-44463, Rev. 0
RPP-PLAN-43915, Rev. 0

Gt BT S

SeAT: 50.0°C
ASTM A537 Electrode vs. Immersed MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0Qy
ASTM A537 it e - 771 A& =372.5
Test Electrodes vs. Room Temperature MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0Oy
ASTM A537 - 132 L - 2443 =331
MPCMS
Ag/AgCl - 5.1
MPCMS
Calomel 34
MPCMS
Cu/CuS0, 23. 5
Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes
Laboratory Laboratory Laboratory
Ag/AgCl Calomel Cu/CuS0y,
ASTM A537 ] - 2£46.B - 330.4
MPCMS d
Ag/AgCl = 1'%
MPCMS —
Calomel 5i.&
MPCMS
Cu/CuSO0, 4y, |
This page may be reproduced as necessary
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RPP-RPT-44463, Rev. 0

RPP-PLAN-43915, Rev. 0

Q
241-AY-101 Simulant e 4 2°C
DATE: Z /@/ 10 TiME: 5 %gm temp: 0. 1°C pu: O 0! ©
SUT: 45.9°C
AAR TC128 Electrode vs. Immersed MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSy
AAR TC128 _264.4 | -3\A.3 | -317.9
Test Electrodes vs. Room Temperature MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSQy4
AAR TC128 :
-2%4.Y |_z29u.G | -32(9.4
MPCMS
Ag/AgCl \2 .4
MPCMS
Calomel 2.0
MPCMS
Cu/CuS0Oy (-O' Cﬂ

Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes

Laboratory Laboratory Laboratory
Ag/AgCl Calomel Cu/CuSO4

~26S.S | =229 |-3HA.Y
MPCMS Ag/AgCl % e‘g

MPCMS Calomel 55220

MPCMS
Cu/CuSO, (4 4

AAR TCI128

This page may be reproduced as necessary.
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241-AN-107 Simulant

DATE:ZIQ/IO TIME: 3:g0f'!ff remp: A0 A om0 |

RPP-RPT-44463, Rev. 0

RPP-PLLAN-43915, Rev. 0

E’wm’\: 4"("'%%/

‘. "]
S&—T' 4‘3 . O C/
ASTM AS537 Electrode vs. Immersed MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS04
ASTM A537 _ 20k | =315 AlS
Test Electrodes vs. Room Temperature MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0y4
ASTM A537 ~2 8.3 | -310.) ~S02 .2
MPCMS
Ag/AgCl . 5 B
MPCMS
Calomel Z - >
MPCMS
Cu/CuS0, 5041
Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes
Laboratory Laboratory Laboratory
Ag/AgCl Calomel Cu/CuSOy4
ASTM A537 ~-28l.S |—2086.5 |-32¢.2
MPCMS
Ag/AgCl —\8.9
MPCMS
Calomel 3 , @
MPCMS
Cu/CuS0, 34.9
This page may be reproduced as necessary
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RPP-RPT-44463, Rev. 0

RPP-PLAN-43915, Rev. 0

241-AY-101 Simulant : E
| bt 4\.9°C
DATE: L[@] (O TIME:S -50%13 temp:_ 4\ C pp. | l .0\
.
31,5&“ T 4—0 .9 °C/
AAR TC128 Electrode vs. Immersed MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
3A AgCl Calomel Cu/CuS0Oy
AAR TC128 i q’ —~PBéril- | -7 2.
Test Electrodes vs. Room Temperature MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSOy4
AAR TC128 y
=20y ~-2334 | ~408.9
MPCMS
Ag/AgCl \ 2/ - 6
MPCMS
Calomel \ %‘ ?
MPCMS
Cu/CuSOy4 4' (0 ‘

Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes

Laboratory Laboratory Laboratory
Ag/AgCl Calomel Cu/CuS0Oy4

a4 b | 2304 | 2929

MPCMS Ag/AgCl Q.1
ot ’

AAR TC128

MPCMS Calomel

\4.4

MPCMS
Cu/CuSO,4 \ L-9

This page may be reproduced as necessary.
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RPP-RPT-44463, Rev. 0

RPP-PLAN-43915, Rev. 0

241-AN-107 Simulant Gob: 41 BT
DATE: 2,/@) JO  time:S 0P eme: A E°C pn 10.°L
Ser T 400°C
ASTM AS537 Electrode vs. Immersed MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0y
ASTM A537 ~29L° | -3340.9 |-434 4

Test Electrodes vs. Room Temperature MPCMS Reference Electrodes

MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSOy
ASTM A537 =25 . | ~-3314 | -409.9
MPCMS
Ag/AgCl - 3.9
MPCMS
Calomel 0.D
MPCMS
Cu/CuS0, 26 '4
Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes
Laboratory Laboratory Laboratory
Ag/AgCl Calomel Cu/CuSOy
ASTM A537 _20%4 | —22S.\ |-4009
MPCMS
Ag/AgCl = 1% 0\
MPCMS
Calomel L.\
MPCMS
Cu/CuSO,4 3 (—‘7' ‘«é’
This page may be reproduced as necessary
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RPP-RPT-44463, Rev. 0

RPP-PLAN-43915, Rev. 0

241-AY-101 Simulant 2L P
pATE: 2[4l TimE: B 354N 1EMP: 36T pm: 1125
T
AAR TC128 Electrode vs. Immersed MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0y4
AAR TC128 - 2U49.6 -294 ( “172é
Test Electrodes vs. Room Temperature MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0O,
AAR TC128 - ; 2
-5 2 |- L Yg(.2
MPCMS
Ag/AgCl 12 D
MPCMS '
Calomel .7
MPCMS
Cu/CuS04 O .04
Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes
Laboratory Laboratory Laboratory
Ag/AgCl Calomel Cu/CuSOy4
AAR TC128 - . &
~ 2447 =2 TH ~H440. 5
MPCMS Ag/AgCl | 2
-1.3
MPCMS Calomel 1. c‘
MPCMS
Cu/CuSO4 L

This page may be reproduced as necessary.
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RPP-RPT-44463, Rev. 0

RPP-PLAN-43915, Rev. 0

241-AN-107 Simulant

26.%
DATE: 2!‘(/&0 TIME:_%- 35Ar\ TEMP: _ 367 pH: lO.0)
38.0
ASTM AS537 Electrode vs. Immersed MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0Oy
ASTM A537 ol ! - 997,56 - 3ZL.%
Test Electrodes vs. Room Temperature MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSO,
ASTM A537 LAt -140.3 203 |
MPCMS :
Ag/AgCl “6 M
MPCMS
Calomel - 0.0\
MPCMS
Cu/CuSO0, 2354
Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes
Laboratory Laboratory Laboratory
Ag/AgCl Calomel Cu/CuSO,4
“241. & e _
ASTM A537 %’:’kg - 195 W pes BGD i
MPCMS
AnggCl S ZC . g
MPCMS 2
Calomel 152
MPCMS -
Cu/CuSO, 54.4
This page may be reproduced as necessary
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RPP-RPT-44463, Rev. 0

RPP-PLAN-43915, Rev. 0

, £
241-AY-101 Simulant 24 ©
-~ £ 7 ) - = ,—“
i I P e 1OV € uo TEMP: 24D pm [[O5
AAR TC128 Electrode vs. Immersed MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSO4
AAR TC128 - 247 .\ ~ 2. D |-447.5
Test Electrodes vs. Room Temperature MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSOy4
AAR TC128 ; - =Y @
~-334 9 |-3119 |-4809
MPCMS i
Ag/AgCl \ 2 .4
MPCMS ; N
Calomel | ([ o
MPCMS
Cu/CuSOy4 . O 0

Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes

Laboratory Laboratory Laboratory
Ag/AgCl Calomel Cu/CuSQy

%49 g | ~371F.2 |-441.0
MPCMS Ag/AgCl | \Z i

AAR TC128

MPCMS Calomel
\1.%

MPCMS ,
Cu/CuS0; 4(@“ ‘O- 5

This page may be reproduced as necessary.
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241-AN-107 Simulant
DATE: Lk’l/tc TIME: | 0 25 gm TEmp: 54 ©

RPP-RPT-44463, Rev. 0

RPP-PLAN-43915, Rev. 0

349

pH: \() (J\ g

23.0
ASTM AS537 Electrode vs. Immersed MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0y4
ASTM A537 - L8482 |-2904 ~5D2 .4
Test Electrodes vs. Room Temperature MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSO4
ASTM A537 -24<5 3 2P0 b | -359.%
MPCMS
Ag/AgCl — - -
MPCMS | -
Calomel -0 '?
MPCMS =5 \
Cu/CuS0, LO .
Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes
Laboratory Laboratory Laboratory
Ag/AgCl Calomel Cu/CuS0Oy4
ASTM A537 .7 554 201.3 |345.
MPCMS -
5 7
Ag/AgCl ' \0\ 1
MPCMS A
Calomel U (.ﬂ
MPCMS
Cu/CuSO, 31 .3
This page may be reproduced as necessary
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RPP-RPT-44463, Rev. 0

RPP-PLAN-43915, Rev. 0

241-AY-101 Simulant 232.80 C
pATE: L[/ /} 0  mimE:S 00¢r_ TEMP: 2L+ o L1+ 09
21.6C.
AAR TC128 Electrode vs. Immersed MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0q4

AAR TC128 24990 | 2929 | -449.>

Test Electrodes vs. Room Temperature MPCMS Reference Electrodes

MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0O4
AAR TC128 2 - i
224 3 | -37Ft.0 | =449 .7
MPCMS ¢
Ag/AgCl \ Z ' \
MPCMS :
Calomel l 5 2’
MPCMS a0
Cu/CuSOy4 2.9
Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes
Laboratory Laboratory Laboratory
Ag/AgCl Calomel Cu/CuS0y4
AAR TC128 " DVA S/ £ e
2433 | -3 4 | 432 .4
MPCMS Ag/AgCl
~1.4
MPCMS Calomel e
| lg.S
MPCMS
Cu/CuSO;4 C‘f e I

This page may be reproduced as necessary.
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RPP-RPT-44463, Rev. 0

RPP-PLAN-43915, Rev. 0

[&]
241-AN-107 Simulant 1L PP

DATE: Z/Q/IO TIME: S - (S pm1_ TEMP: 32 7°C p: | 0.03

2} °
2107
ASTM AS537 Electrode vs. Immersed MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSOy
ASTM A537 ~2.90.1 | —295.8 277.0
Test Electrodes vs. Room Temperature MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0O4
ASTM A537 ~72S1.3 |=Z9L.% |-34.0
MPCMS
Ag/AgCl —(.$
MPCMS
Calomel ~\. 4_
MPCMS '
Cu/CuSO, q 4
Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes
Laboratory Laboratory Laboratory
Ag/AgCl Calomel Cu/CuSOy
ASTM A537 - 70 - 296 T | =349 4
MPCMS .
Ag/AgCl 260
MPCMS ) 0 \
Calomel : ‘
MPCMS o
Cu/CuSO, Ll
This page may be reproduced as necessary
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RPP-RPT-44463, Rev. 0

RPP-PLAN-43915, Rev. 0

241-AY-101 Simulant 20.9C
. M ) .
DATE: Z /lO /4 -50PTIME:f| .30 A TEMP: 50.7'C pH: LLs -
29.0°C
AAR TC128 Electrode vs. Immersed MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cuw/CuSQy
AAR TC128 ~2 2 & ~103.4 -265. 1
Test Electrodes vs. Room Temperature MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSOy
AARTCI128 PR o i S8 o G o
,Li,p,\ — 70 X ~S5W>.-0
MPCMS ,
Ag/AgCl \| <&
MPCMS 2
Calomel \4 v e
MPCMS -
Cu/CuSOy4 ik ‘
Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes
Laboratory Laboratory Laboratory
Ag/AgCl Calomel Cu/CuSQy4
AARTC128 o 5 fom o o e
=7 Q‘_..)_z’l _ 7.0 O = fJ"—L'r'l.(;‘;"
MPCMS Ag/AgCl
P 2.0
MPCMS Calomel i 2
15- W0
MPCMS "
Cu/CuSOq4 12. |

This page may be reproduced as necessary.
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RPP-RPT-4446

3, Rev. 0

RPP-PLAN-43915, Rev. 0

241-AN-107 Simulant S P
.~ f . ~ « F o 2 7 ~ 2 B 5 \ 3
DATE: Z/I U// 0  TIME:“ }UAW’\TEMP: 50§ C N \ r
8. 8%
ASTM AS537 Electrode vs. Immersed MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSO0y
ASTM AS537 ~7.977. \ __f;;l ¢ ’4‘“&-

Test Electrodes vs. Room Temperature MPCMS Reference Electrodes

MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSO4
ASTNLANY | 2940 | -850 |-407 |
MPCMS — b L;?
Ag/AgCl :
MPCMS &
Calomel o B s &l
MPCMS .
Cu/CuSO, + 6% 1.0

Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes

Laboratory Laboratory Laboratory
Ag/AgCl Calomel Cu/CuS0O,
ASTMASY | _300.5 | 22w .\ |-3©P5.2
AgAgci i
Catomel -0.%
CuCuso: &5t UL

C-3
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MPCMS Calomel ;
MPCMS T
Cu/CuSOy boJs
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RPP-RPT-44463, Rev. 0

RPP-PLAN-43915, Rev. 0

241-AN-107 Simulant bl O
DATE: 2/ 15/ |0 TiME: | Copr~ tEMP: WL € C 0 ppe |V G
ASTM AS537 Electrode vs. Immersed MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSOy
ASTM A537 272 5 |-Z2BE.. — 279 ¢
Test Electrodes vs. Room Temperature MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSOy
ASTM A537 —~22: 0 | ~779.6 |38
MPCMS g
Ag/AgCl 2. O
MPCMS R
Calomel T =
MPCMS .
Cu/CuSOy
Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes
Laboratory Laboratory Laboratory
Ag/AgCl Calomel Cu/CuSOy
ASTM AS37 ; 4 A g 25 P - :’,4{ ,’/['
MPCMS x
Ag/AgCl =& By T
MPCMS :
Calomel xR
MPCMS T .
Cu/CuS0O, E
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RPP-RPT-44463, Rev. 0

RPP-PLLAN-43915, Rev. 0

241-AY-101 Simulant 5 6.49

o Al J—— ) A
DATE: _ /*” | TIME: | ¢ fn, TEMP: - ' 2\ “pH: M. T C

(

AAR TC128 Electrode vs. Immersed MPCMS Reference Electrodes

MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSO;
AAR TC128 V40O = ZiE5:0 | . 2a0.

Test Electrodes vs. Room Temperature MPCMS Reference Electrodes

MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSOy
AAR TC128 P _ e S
~ |78, + 204 | 29,7
MPCMS ) .
Ag/AgCl 10- 4
MPCMS - A
Calomel e B
MPCMS ,
Cu/CuSO, — & e
Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes
Laboratory Laboratory Laboratory
Ag/AgCl Calomel Cu/CuSOy
AAR TC128 e o . e
\/Tl q = \’\ pll l.l
MPCMS Ag/AgCl
MPCMS Calomel a.&
MPCMS = '
Cu/CuSO; e
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RPP-RPT-44463, Rev. 0

RPP-PLAN-43915, Rev. 0

C-71

241-AN-107 Simulant SCG I
DATE: ;/I-'i;"f' TIME: | (“Aj« TEMP: DL. L C  pH: | o A
23w &
ASTM AS537 Electrode vs. Immersed MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0Oy
ASTM AS537 L Lo =7e. 8
Test Electrodes vs. Room Temperature MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSO,
ASTM A537 _2480: L > 221, T
MPCMS _
Ag/AgCl . (
MPCMS "
Calomel =5 \
MPCMS T
Cu/CuSOy L
Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes
Laboratory Laboratory Laboratory
Ag/AgCl Calomel Cu/CuSO0y
ASTM A537 ; 738.0 ~34d 2
MPCMS ‘
Ag/AgCl > U4
MPCMS
Calomel
MPCMS At D
Cu/CuSO, J{.D
This page may be reproduced as necessary
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RPP-RPT-44463, Rev. 0

RPP-PLAN-43915, Rev. 0

241-AY-101 Simulant ST
T ‘ . 35 (RPT == -~
paTE: 2 /1A [10_1ivE: |V 4L ponreme: O] TC pm: 52 (GG
- ( tL L

AAR TC128 Electrode vs. Immersed MPCMS Reference Electrodes

MPCMS MPCMS MPCMS

Ag/AgCl Calomel Cu/CuS0Oy4

AAR TC128 =t A4 |=235,] 7.4

=S L

Test Electrodes vs. Room Temperature MPCMS Reference Electrodes

MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSOy4
AAR TC128 (Y i. ; 3 - g
| T = L |. B L&)
MPCMS
Ag/AgCl
MPCMS
Calomel -
MPCMS 5
Cu/CuSO;, a0
Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes
Laboratory Laboratory Laboratory
Ag/AgCl Calomel Cu/CuSOy
AAR TCI128 & 55 ” B
= N T F £ ' | ,.—? & =
MPCMS Ag/AgCl PO
MPCMS Calomel Ly
o
MPCMS -
Cu/CuSO, 2D
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DATE: _ /| 1 ;: L

RPP-RPT-44463, Rev. 0

RPP-PLAN-43915, Rev. 0

241-AN-107 Simulant

TIME: | U 4 72/

TEMP: |

pH:((_ i

ASTM AS37 Electrode vs. Immersed MPCMS Reference Electrodes

MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSOy
ASTM A537 2l | BBE S5

Test Electrodes vs. Room Temperature MPCMS Reference Electrodes

MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSO,
ASTM A537 DB 5 2(s.4 1S -
MPCMS :
Ag/AgCl l
MPCMS
Calomel W
MPCMS PR |
Cu/CuSO, 2.0 -
Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes
Laboratory Laboratory Laboratory
Ag/AgCl Calomel Cu/CuSOy
ASTM AS537 7 zl " a3 -7 7 L_, .
MPCMS
Ag/AgCl =l s
MPCMS )
Calomel —+
MPCMS Zh
Cu/ CUS04 W'
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RPP-RPT-44463, Rev. 0

RPP-PLAN-43915, Rev. 0

241-AY-101 Simulant A1.0C
@

pate: 2 /1410 mime: \Z 50y~ emp: - A7 i 1 046

45.0°C
AAR TC128 Electrode vs. Immersed MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSQy4
AARTCI128 \ 45 { = LS, 2 N & (s
Test Electrodes vs. Room Temperature MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSO4
AAR TCI128 { m g i = B
— | 00. ) 205, | /7 €
MPCMS k ; &
Ag/AgCl W\
MPCMS ,
Calomel ¢ O. ki
MPCMS e
Cu/CuSOy4 = &
Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes
Laboratory Laboratory Laboratory
Ag/AgCl Calomel Cu/CuSOq4
AAR TC128 4 = . ; : o
11480 |-7Z0 & c 9.9
MPCMS Ag/AgCl ) 3
MPCMS Calomel S S
2¢ .\
MPCMS 9
Cu/CuS0y4 = L @S
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RPP-RPT-44463, Rev. 0

RPP-PLAN-43915, Rev. 0

. ) * g
241-AN-107 Simulant 25707
) Ny 5 ‘ / Y2 2
pate: &/11/1C 1imer2 BCpp tEme: 4l 4°C pi: | © . L7
d 8.0
ASTM AS37 Electrode vs. Immersed MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSO,
ASTM A537 L e = TW.J | =25F

Test Electrodes vs. Room Temperature MPCMS Reference Electrodes

MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSQy
ASTM A537 — T ANL 2309 |-34 4.3
MPCMS 5 B 5B
Ag/AgCl 25 |
MPCMS )
Calomel s |
MPCMS s R
Cu/CuSO, | 1- Y
Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes
Laboratory Laboratory Laboratory
Ag/AgCl Calomel Cu/CuSO,
ASTM A537 24z 2 | -268.1 - 55§, 2
MPCMS 5
Ag/AgCl = 15 2 il
MPCMS 2 7
Calomel 7§
MPCMS e
Cu/CuSO, .S\
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RPP-RPT-44463, Rev. 0

RPP-PLAN-43915, Rev. 0

241-AY-101 Simulant 445 €
patE: 1S/ (°  1imE: A 20pm. TEMP: Ll S pH: 10 <
400 C
AAR TC128 Electrode vs. Immersed MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0,
AAR TC128 (7§ = 2y = -2 T3,

Test Electrodes vs. Room Temperature MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS04

AAR TC128

{ ) - el -
La < - ‘p’ ‘ /,-’

MPCMS
Ag/AgCl =%
MPCMS .
Calomel t
MPCMS ,
Cu/CuSO0; b, L-

Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes

Laboratory Laboratory Laboratory
Ag/AgCl Calomel Cu/CuS04
AAR TC128 - .
1774 2c27 213.7
MPCMS Ag/AgCl . x
MPCMS Calomel J )
i e
MPCMS i
Cu/CuSO, LY
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241-AN-107 Simulant

DATE: 0 /is/io TIME: .25

RPP-RPT-44463, Rev. 0

RPP-PLAN-43915, Rev. 0

TEMP: y 47

ASTM AS37 Electrode vs. Immersed MPCMS Reference Electrodes

MPCMS
Ag/AgCl

MPCMS
Calomel

MPCMS

ASTM AS537

-
.
f

Cu/CuS0Oy

Test Electrodes vs. Room Temperature MPCMS Reference Electrodes

MPCMS MPCMS MPCMS

Ag/AgCl Calomel Cu/CuSOy
ASTM AS37 - = p
MPCMS .
Ag/AgCl /
MPCMS pe
Calomel : r
MPCMS 9
Cu/CuSOy \.E

Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes
Laboratory Laboratory Laboratory

Ag/AgCl Calomel Cu/CuSO0y
ASTM AS537 3 /. 216 €
MPCMS -~

| Ag/AgCl 0.5
MPCMS _
Calomel Z
MPCMS L=
Cu/CuS0y4 b
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C-3 Page of

C-77




RPP-RPT-44463, Rev. 0

RPP-PLAN-43916, Rev. 0

241-AY-101 Simulant

Initial (Back of Electrodes Dry)

DATE: 2|6/4010  TIME:_1]:30 TEMP: Q<[ pH: (& &

YLD

Immersed Test Electrodes vs. Room Temperature MPCMS Reference Electrodes _

aASo

Immersed AAR TC128 and Secondary Electrodes vs.
Immersed MPCMS Reference Electrodes

MPCMS | MPCMS | MPCMS
77 Ag/AgCl | Calomel | Cu/CuSO; | o
AAR TC128 “NE - 208.1 a2 Su  |~27F0.2
Cu Secondary —@;ﬁ-‘i&] -235.4  |-29%
Ni Secondary |- 28.D —24«.5 |-3%0k.F
Ag Secondary o -2A4%.0 -\a4,.o

MPCMS [ MPCMS | MPCMS | gronthn
Ag/AgCl | Calomel | Cu/CuSOy W

AAR TC128 k2 |“2AF [-2R.0 |k [f24.3

Cu Secondary -12(,.5 | ~321.% -218.5 &ié_____ - %1

Ni Secondary -20l.g | -2A41.5 |-384., Ss—+ __'="':'-t' —2.0

| Ag Secondary 15 -5 |-145.0 -3 | |05. D

MPCMS Ag/AgCl t (p. F iy |

MPCMS Calomel ¥5.0 ><

MPCMS Cu/CuSO, - I P !

Immersed Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes

Laboratory | Laboratory | Laboratory
Ag/AgCl Calomel | Cu/CuSO;,
AAR TC128 “132  [-20.F |[~U
Cu Secondary -2A€. L |-223.4 |-L46 .0
Ni Secondary =220 S | ~D4L.§ |-DBlL. |
Ag Secondary -4C. |-\xa.b |-l42.0
MPCMS Ag/AgCl -~ 1.9
MPCMS Calomel T
MPCMS Cu/CuSO;4 55
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RPP-RPT-44463, Rev. 0

RPP-PLAN-43916, Rev. 0

241-AN-107 Simulant

Initial (Back of Electrodes Dry)

DATE: J[S[dpjy  TIME: [(!20 TEMP: 25/ o2l .|

25

pH: (O L ka

O

Immersed ASTM A537 and Secondary Electrodes vs.
Immersed MPCMS Reference Electrodes

pbe had WaBEs ¢ «eat%e. S @ .35 P . my/
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MPCMS | MPCMS MPCMS
AgAsCl | Calomd | Cwicuso, | VY
ASTM A537 -230. [-3L.5 Ly
Cu Secondary -L4(5 | -3%+.2 |[rlo.e
Ni Secondary -A¢€ | “3445 [v£ 2
| Ag Secondary - 155 [-14%.7 |rl4¢.2
Immersed Test Electrodes vs. Room Temperature MPCMS Reference Electrodes 2
MPCMS | MPCMS | MPCMS buct)
Ag/AgCl | Calomel | Cu/CuSO, SY_\LA,__.HV\ V]
ASTM A537 — 2344 -5 2 | -282.4 |+85+159
Cu Secondary 244 |-2%63 |~4SF2R |[~-4-S- ha2.e
Ni Secondary -262.]  |~34a4.4 | -432.4 |[HAZo MS.S
Ag Secondary -189.5 |-26V2 |-2F90:L | £2494:5 ke g7 O
MPCMS Ag/AgCl | -[..S |
MPCMS Calomel "y >{
—5 LMPCMS Cuw/CuSO, -444.5 | ~ e
Immersed Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes
Laboratory | Laboratory | Laboratory
Ag/AgCl | Calomel | Cwcuso, | LMV)]
ASTM A537 x5 | 2.5 -2%D. D
Cu Secondary 2665 |[283-1 “%5eS
Ni Secondary -2(2 ~542.0 -4(2.8
Ag Secondary - 703 | -\94.( - ue¥S
MPCMS Ag/AgCl 138
MPCMS Calomel = | .26
MPCMS Cu/CuSO; -4 &*




RPP-RPT-44463, Rev. 0

AT
RPP-PLAN-43916, Rev. 0 g j

Ho
241-AY-101 Simulant (%) Vim0 €3N
Wetted With Water as.0
DATE: _g/5/30l0 TIME:_ 3.3§ TEMP: _3&0© pH:_ 0. .S¥

Immersed AAR TC128 and Secondary Electrodes vs.
Immersed MPCMS Reference Electrodes

MPCMS MPCMS MPCMS
Ag/AgCl Calomel | Cu/CuSO,
AAR TC128 T R0 ~483.
Cu Secondary -93.5 - 799 393.8
Ni Secondary ~309.8 -443.% -53# 3
| Ag Secondary ~304.4 -312.3 ~400. (0

Immersed Test Electrodes vs. Room Temperature MPCMS Reference Electrodes.

MPCMS | MPCMS | MPCMS

Ag/AgCl | Calomel | Cu/CuSO, Yeoth
AAR TC128 SAST | RS -400 4 R~ )
Cu Secondary -RR.9q -3H8.3 -89 3 ~15].4
Ni Secondary ~4=x2.9 | ¢K.0 | <. ] ~8e0. &
Ag Secondary -3l.4 | ~343.0 | -43.0 ~ 117130
MPCMS Ag/AgCl | -js2.00 ECZA
MPCMS Calomel -1%.0 86
MPCMS Cu/CuSO, -7+ (ralS

Immersed Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes

Laboratory | Laboratory | Laboratory
Ag/AgCl Calomel | Cu/CuSO,

AAR TC128 -38R.3 -44.9 <4, ORY
Cu Secondary -300.3 ~470.8" 377.8
Ni Secondary y32.9 ——— ] -£91.9
Ag Secondary -304.1 -R8Y | -4074
MPCMS Ag/AgCl =iaf. 4
MPCMS Calomel ~36.(p
MPCMS Cu/CuSO, ~Z.00
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RPP-RPT-44463, Rev. 0
RPP-PLAN-43916, Rev. 0

241-AN-107 Simulant
Wat €R

Wetted With (’i‘;g\_ s

DATE: 3/5/9610 TIME: 33 TEMP: R &

pH: 9.0

Immersed ASTM AS537 and Secondary Electrodes vs.
Immersed MPCMS Reference Electrodes

MPCMS | MPCMS MPCMS
Ag/AgCl Calomel | Cu/CuSOy
ASTMAS3T  [-3BR [ -3940 | -z060 |
Cu Secondary - 34.4 2423 -300.0¢x
Ni Secondary -332.9 Ay S0 ;7.0
Ag Secondary  |.35p. | -4 |

Immersed Test Electrodes vs. Room Temperature MPCMS Reference Electrodes

Laboratory | Laboratory | Laboratory
Ag/AgCl Calomel | Cu/CuSOy

ASTM A537 ~4Yli.¢o ~446.8 ~3g -4 7.

Cu Secondary -30R. 8 -393.9 A 2.3

Ni Secondary -349.3 “LIA | -444.%
’Ag Secondary -2, 9 ~463.F | 435D

MPCMS Ag/AgCl ~3.8

MPCMS Calomel 3.5

MPCMS Cu/CuSO4 i AL

This page may be reproduced as necessary
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MPCMS | MPCMS | MPCMS ©
Ag/AgCl | Calomel | Cu/Cus0, | /€t
ASTM A537 Ho3S | -#H.R -S13( “BoYo |
Cu Secondary -3 | -351.9 -4659 |~ | -Xo. o
Ni Secondary -242.0 - 2% Y o O\ -2
| Ag Secondary -3RT+ | -3SAR Y& =
MPCMS Ag/AgCl =y t
MPCMS Calomel S EA .0
MPCMS Cu/CuSO;, ~ISRY el

Immersed Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes




RPP-RPT-44463, Rev. 0

RPP-PLAN-43916, Rev. 0

DATE: )| £ |(1

241-AY-101 Simulant ng\
xioicod BN el £ S
TIME: ' 40pn,  TEMP:

W oXe R,

@u A)

S ie A

pH:

1. O

AL 0

Immersed AAR TC128 and Secondary Electrodes vs.
Immersed MPCMS Reference Electrodes

MPCMS | MPCMS MPCMS
Ag/AgCl | Calomel Cu/CuSO4
AAR TC128 "HBA =B - 424
Cu Secondary -280-% |-224.9 |-3u5.%
Ni Secondary -\$R.& [~ 34 - | e 9
| Ag Secondary -\32.2 |[-13GL-2 |-\032.0

Immersed Test Electrodes vs. Room Temperature MPCMS Reference Elg

C-82

2ctrodes
MPCMS | MPCMS | MPCMS
Ag/AgCl | Calomel | Cuw/CuSO, | Sain
AAR TC128 -\32:4 - Wws.¢ [-236.2 e
Cu Secondary ~ 2860 | —-232%.2 | -%498.2 -1b4.2
Ni Secondary -—2025| - 2367 | -%31.4  [-32.0
Ag Secondary -1230 | -1649 | “22%.9 [+4b.3
MPCMS Ag/AgCl |- 4.0 _E@ EA
MPCMS Calomel +l-8 A58 | 2.010
ey
MPCMS Cu/CuSO, BT 134 _0.09 |+ Needots
\De cleaned
Snert cin
Immersed Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes
Laboratory | Laboratory | Laboratory
Ag/AgCl Calomel Cu/CuS0;,
AAR TC128 = {FP.d -~ 205.0 -2735.3
Cu Secondary -24%.F | -23%.1 - 2973,
Ni Secondary -223.0 |~2L0:F |[—-22p.4
Ag Secondary -122.5 |-1k2.0 -2349.0
' MPCMS Ag/AgCi -i%.0
MPCMS Calomel Y23
MPCMS Cu/CuSO, -130,(¢ &
This page may be reproduced as necessary
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RPP-RPT-44463, Rev. 0

Qg}\m Ao Pz
uluk Spludon
UM \(\3

e

RPP-PLAN-43916, Rev. 0

241-AN-107 Simulant

ef e lel
Wetted-With-Feam-Component Liquid (a4
DATE: 3|60 TIME: S5:25pm TEMP: _ Ae.5  pu: [0.5%
2S.0
Immersed ASTM A537 and Secondary Electrodes vs.
Immersed MPCMS Reference Electrodes
MPCMS | MPCMS MPCMS
Ag/AgCl Calomel | Cu/CuSOy,
ASTM A537 - 2Rkl | ~25L4 | - 40kt
Cu Secondary |- 24[-9 -2g).| -422.%
Ni Secondary - 226.% “Bekd | 4.9
Ag Secondary - 2414 -221.2 | —“23g2.4

Immersed Test Electrodes vs. Room Temperature MPCMS Reference Electrodes

MPCMS | MPCMS | MPCMS o o
Ag/AgCl | Calomel | Cu/CuSO, | SHheath
ASTM A537 -214.5 | =200 | ~43b.0 [-[lk2.1
Cu Secondary -225.3 |- 283.4 | ~4806.b |- 164.9
Ni Secondary 2249 | -23H.L |[~440.5 |-2R.0[
Ag Secondary -265.0 | "3%.q [-40e.2  [-124:-8
MPCMS Ag/AgCl |- L. 7 $125.9)
MPCMS Calomel ok P O0.00| |
MPCMS Cu/CuSO4 -24.9 +a4.3 |
Immersed Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes
Laboratory | Laboratory | Laboratory
Ag/AgCl Calomel Cu/CuSOy
ASTM A537 - 32\.5 - 264.] —-42%.%
Cu Secondary -2657.8 | -280.] -4c1,.0
Ni Secondary - 24|, | -201.4 - th_ﬁ,%
| Ag Secondary - 20.7 [-225.] |-%02.4
MPCMS Ag/AgCl -1%.5
MPCMS Calomel - 7.3
MPCMS Cu/CuSO, -93.7F
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RPP-RPT-44463, Rev. 0

RPP-PLAN-43916, Rev. 0 Retaxe.
241-AY-101 Simulant
) atel,
Back of Electrodes Dry after \\) kz’-}.ﬂ)
DATE: 2|L/10  TIME: 8.25 amTEMP: 030 pH: 1| 2.0&
250
Immersed AAR TC128 and Secondary Electrodes vs.
Immersed MPCMS Reference Electrodes
MPCMS | MPCMS MPCMS
Ag/AgCl Calomel | Cu/CuSOy
AAR TC128 -\L4.2 | -72,2.0 - 2737
Cu Secondary -289.2 |-22%.% |- 3544
Ni Secondary - 200.2 -24%F.0 | — 307k
| Ag Secondary -6-3 -2k - 223 .4

Immersed Test Electrodes vs. Room Temperature MPCMS Reference Electrodes

MPCMS | MPCMS | MPCMS | Electrode

Ag/AgCl | Calomel | Cu/CuSOs | Housing
AARTCI128 Ay A | 2528 |- a9ad | -85.5
Cu Secondary - 256G 4] ~22%.3 | -294.8 = tADs T |
Ni Secondary -44.! | -23262]| -2p323 -~ 20, | =
Ag Secondary — (.4 —LS3S5 | -238® |r 5. |

 MPCMS Ag/AgCl [+ 2.5 ka3

MPCMS Calomel +8.5 H\8FF
MPCMS Cu/CuSO, = \ulo rasLs

Immersed Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes

Laboratory | Laboratory | Laboratory
Ag/AgCl Calomel Cu/CuS0y

AAR TC128 “\3F5.F | -20049 - A5
Cu Secondary -298.3 | -%2L% - 245.9
Ni Secondary “305.3 -2225 | -4Dl4
Ag Secondary -122.% -151.9 - A§.0
MPCMS Ag/AgCl -9.4
MPCMS Calomel +49.-7
MPCMS Cu/CuSO4 +3.4

This page may be reproduced as necessary
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RPP-RPT-44463, Rev. 0

RPP-PLAN-43916, Rev. 0 Ro—take.
241-AN-107 Simulant
Back of Electrodes Dry after \Wo\c R (330)
DATE: 2 (p[10  TIME: ¥'25am TEMP: 33D pH: (0. LD
150

Immersed ASTM A537 and Secondary Electrodes vs.
Immersed MPCMS Reference Electrodes

MPCMS | MPCMS MPCMS
Ag/AgCl Calomel | Cu/CuSOy,
ASTM A537 - 224.0 -2 4.\ -42\.7F
Cu Secondary - 244.9 - 240.0 44+ S
Ni Secondary - 243.0 — 2.4 -2\4.|
Ag Secondary - 2Kl -20L2.3 |-220.7

Immersed Test Electrodes vs. Room Temperature MPCMS Reference Electrodes

MPCMS | MPCMS | MPCMS | Electrode
Ag/AgCl | Calomel | Cu/CuSO, | Housing °T<<
ASTM A537 - 323 | =336 | —480.3 |- 202.0
Cu Secondary ~362.0|-2554 | ~4Lb-1  |-tHe 1579
Ni Secondary -224.5 | - L% | —22%.1 -Fo-F
Ag Secondary ~225.L |- 2L.%6 |- 24288 |-F6.0
MPCMS Ag/AgCl -8.% + $0.9
MPCMS Calomel -5.% + (4%.
MPCMS Cu/CuSOy, —(-4 +151.9

Immersed Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes

Laboratory | Laboratory | Laboratory
Ag/AgCl Calomel | Cu/CuSO,
ASTM AS537 -250.4 | —2438.5 - 44, .4
Cu Secondary -5LW.0 | -254.] -42.4
Ni Secondary -22%+.2 | - 2L5.5 - 422.3
| Ag Secondary -23%30.0 |-2uo.l | -5%24.0
MPCMS Ag/AgCl = 20.3
MPCMS Calomel -4.06
MPCMS Cu/CuSO, -(1.5

This page may be reproduced as necessary
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RPP-RPT-44463, Rev. 0
RPP-PLAN-43916, Rev. 0

241-AY-101 Simulant

Wetted With Waste Simulant (20.4)
4
DATE: Z\w[ID  TIME: 9.4S  TEMP fé‘io pH:__L1.45
Immersed AAR TC128 and Secondary Electrodes vs.
Immersed MPCMS Reference Electrodes
MPCMS | MPCMS MPCMS
Ag/AgCl Calomel | Cu/CuSO;y
AAR TC128 “2.F | -ALY | -4G2.4
CuSecondary |-224.%8 | —640.1 | -31.5
Ni Secondary -234.b | ~ALL | —4ul. b
Ag Secondary “243.2 | -Lbd | 423> -4324.0
Immersed Test Electrodes vs. Room Temperature MPCMS Reference Electrodes
MPCMS | MPCMS | MPCMS | Electrode
Ag/AgCl | Calomel | Cu/CuSO; | Housing
AAR TC128 - 340.L| -833.7 | —405.[ | —740.4
Cu Secondary o (29.2 ]| = Lot 2l | = FS4.Y | —-\2-F
Ni Secondary - 388o| — 8232.4 | —403.8 [-F2\.B
_A_g Secondary “ 0.2 | —3.4 | - §34.6 | -H4.4
MPCMS Ag/AgCl —411.2 -393%.\
MPCMS Calomel - 2. S o ; #0
MPCMS Cu/CuSOy 432 | - &F. T

Immersed Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes

Laboratory | Laboratory | Laboratory
Ag/AgCl Calomel | Cu/CuSO,

AAR TC128 -4+ |-83.4 |-G03.3
Cu Secondary —( 2.1 | - (v82.F | -—F52.b
Ni Secondary - SO\ 2 - §32.5 | —-91/2.4
Ag Secondary -F.9 | —sn.2 | -830.3
MPCMS Ag/AgCl - 4\8. 2
MPCMS Calomel -123.3
MPCMS Cu/CuSO; ~414- 4
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241-AN-107 Simulant

Wetted With Waste Simulant (Q—Lo g)
paTE:_ZlL/Ib  TIME: 9:45  TEMP: 2“1 pH:_(0.S
25.0

Immersed ASTM AS537 and Secondary Electrodes vs. -
Immersed MPCMS Reference Electrodes

MPCMS MPCMS MPCMS
Ag/AgCl Calomel | Cu/CuSO,
ASTM A537 -col.F -540F | -S|
Cu Secondary -2 H.8 [-4U0.LA |- %8%.F
Ni Secondary -290G.lp | —43le-4 -4(3.3
| Ag Secondary -415.9- | —455:0 [ ~43.F

Immersed Test Electrodes vs. Room Temperature MPCMS Reference Electrodes

MPCMS | MPCMS | MPCMS | Electrode
Ag/AgCl | Calomel | Cu/CuSO4 | Housing
ASTM A537 ~48e.d | ~S)48 | 519 | —402.F
Cu Secondary - 245 | -404.0 | -432- | - 230.2
Ni Secondary -2%35 | -421.8 | -445.6 | ~4e- L
| Ag Secondary 40449 |- 445.0 | - K12.5 | -233%.4
MPCMS Ag/AgCl - . 18.l
MPCMS Calomel - 14.0 Rle:d
MPCMS Cu/CuSOy - 103.3| -32.8

Immersed Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes

Laboratory | Laboratory | Laboratory
Ag/AgCl Calomel | Cu/CuSO4
ASTM A537 -445.0 |-521.2 |-6%%1
Cu Secondary - 2358 |-402.9 [-4u4.D
Ni Secondary -2 & |-425.F |[-449]- %
| Ag Secondary - MNS. 1 -442.F [-&08. 0L
MPCMS Ag/AgCl « 230
MPCMS Calomel - -\2-7
MPCMS Cu/CuSO, -49.5

This page may be reproduced as necessary
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TEST

241-AY-101 Simulant osing On! A\
-\‘&uﬂ ivrveds o 0-! e
Back of Electrodes Dry after \\( %‘tQ 0 Sha\livy m-‘i‘j -y
DATE: 15 TIME:_\|'2%.,., TEMP: pH: Cetl
Al o[ O
Immersed AAR TC128 and Secondary Electrodes vs.
Immersed MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel | Cu/CuSOy
AAR TC128 55
Cu Secondary
Ni Secondary
Ag Secondary
Immersed Test Electrodes vs. Room Temperature MPCMS Reference Electrodes
MPCMS | MPCMS | MPCMS | Electrode 1552
Ag/AgCl | Calomel | Cu/CuSO, | Housing | ——==
AARTCI128 -1 S
Cu Secondary - (.9 ~-99 .0
Ni Secondary - |42.4
Ag Secondary + %9 -3
MPCMS Ag/AgCl -g.0
MPCMS Calomel +10%.F
MPCMS Cu/CuSOy +2.08.D

Immersed Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes

Laboratory
Ag/AgCl

Laboratory
Calomel

Laboratory
Cu/CuSOy4

AAR TC128

Cu Secondary

Ni Secondary

Ag Secondary

| MPCMS Ag/AgCl

MPCMS Calomel

MPCMS Cu/CuS0y

This page may be reproduced as necessary
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241-AN-107 Simulant
Back of Electrodes Dry after \/UU@@

L

DATE: Alle|\®  TiME:_ |\ 200w TEMP: pH:

TEST
Houain
Ot

Immersed ASTM AS37 and Secondary Electrodes vs.
Immersed MPCMS Reference Electrodes

MPCMS MPCMS MPCMS
Ag/AgCl Calomel | Cu/CuSOy
ASTM AS537
Cu Secondary
Ni Secondary
Ag Secondary

Immersed Test Electrodes vs. Room Temperature MPCMS Reference Electrodes

MPCMS | MPCMS | MPCMS | Electrode

Ag/AgCl | Calomel | Cu/CuSO,; | Housing
ASTM A537 “145.0
Cu Secondary - >3 >
Ni Secondary — [l |
Ag Secondary - ]\.7
MPCMS Ag/AgCl +44.0
MPCMS Calomel 1584549 F
MPCMS Cu/CuSOy r41.%

Immersed Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes

Laboratory | Laboratory | Laboratory
Ag/AgCl Calomel | Cu/CuSOy

ASTM AS37

Cu Secondary

Ni Secondary

Ag Secondary

 MPCMS Ag/AgCl

MPCMS Calomel

MPCMS Cu/CuSO,4

This page may be reproduced as necessary
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RPP-RPT-44463, Rev. 0
RPP-PLAN-43916, Rev. 0

241-AY-101 Simulant
Back of Electrodes Dry after \Wa Ste_

Q;)'-‘% o)

DATE: Qlig 1O TIME: |30 TEMP: A pH: |2 B
4\S pm AS.o

Immersed AAR TC128 and Secondary Electrodes vs.
Immersed MPCMS Reference Electrodes

MPCMS MPCMS MPCMS
Ag/AgCl Calomel | Cu/CuSO,4
AAR TC128 =25%.1 ~43%+3F | -504.!
Cu Secondary [-2,2 2 | -2:%.1 - 2549.9
Ni Secondary -233.5 |-27249. |-400.|
Ag Secondary -135.L |[-190.5 |- 2Ll5

Immersed Test Electrodes vs. Room Temperature MPCMS Reference Electrodes

MPCMS | MPCMS | MPCMS | Electrode
Ag/AgCl | Calomel | Cu/CuSO4,| Housing | <VET ROw)
AARTC128 ~4o3r |~35t | =52%8 Y - 2559
Cu Secondary -28%2 |-%24.L [-40l.7 - 129.4
Ni Secondary ~243.3 |-24D.2 |-4\%. 1 - 13%.4
| Ag Secondary -159.2 [-202.2 [-274.L 9
MPCMS Ag/AgCl | —2.4.2 t 244
MPCMS Calomel - 1\.9 +8A.0
MPCMS Cu/CuSOy - |22 2l
R s —Y ~2455 —H40F -A\2.2

Immersed Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes

Laboratory | Laboratory | Laboratory
Ag/AgCl Calomel | Cu/CuSOy

AAR TC128 ~42..5 -45b.4 —-849.5
Cu Secondary - 2&23p.n| ~32g.l |-29L.9
Ni Secondary - 2\49.3 -25.7F |-9420.9
Ag Secondary -|192.2 - 2013 -270.!
MPCMS Ag/AgCl - 3.7
MPCMS Calomel - (0.7
MPCMS Cu/CuSOy -8
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RPP-RPT-44463, Rev. 0
RPP-PLLAN-43916, Rev. 0

241-AN-107 Simulant

Back of Electrodes Dry after WaSte 3. o)
DATE: Z)\e[\D TIME: 4240 o TEMP:_ 204 pH:_|0.L©@
Immersed ASTM AS37 and Secondary Electrodes vs.
Immersed MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel | Cu/CuSO,
ASTM A537 -288.2 | -3243 | -332.3
Cu Secondary -2353.8 |—-404.9 —44\.8
Ni Secondary -144. 8§ - 240l | —2.84.4
Ag Secondary - 24903 |-323.2 |- 374.%

Immersed Test Electrodes vs. Room Temperature MPCMS Reference Electrodes

MPCMS | MPCMS | MPCMS | Electrode

Ag/AgCl | Calomel | Cu/CuSO4 | Housing
ASTM AS537 -249%.8 |-%4\.0 | -412.9 -142.&
Cu Secondary -2L7.9 |-410.2 |-4%2.2 |- Q-0
Ni Secondary -210%F |[-263.0|-%25.1 |—-%¥%.2
Ag Secondary ~-2004 [-242.9 |[-414.7 | —15%.9
MPCMS Ag/AgCl -0 2072
MPCMS Calomel — F. L — 104, (o
MPCMS Cu/CuSOy —40.1 3.9

Immersed Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes

Laboratory | Laboratory | Laboratory
Ag/AgCl Calomel Cu/CuS0y
ASTM A537 -2 |—339.7 | -408.%
Cu Secondary -280.L |[-404.3 |-47%.3
Ni Secondary -223.2 |-262.0 |=-32\.D
| Ag Secondary - 212.3 |-2341.4 |-4lp.4
MPCMS Ag/AgCl — 24,4
MPCMS Calomel - 0.5
MPCMS Cu/CuSOy4 - 35.%
This page may be reproduced as necessary
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RPP-RPT-44463, Rev. 0
RPP-PLAN-43916, Rev. 0

241-AY-101 Simulant

Wetted With Foam Component Liquid

™ AT, Q‘lnl_ﬁ ™
DA 1L MU iV 1

F~,

Immersed AAR TC128 and Secondary Electrodes vs.
Immersed MPCMS Reference Electrodes

MPCMS | MPCMS | MPCMS

Ag/AgCl | Calomel Cu/CuS0Oy
AAR TC128 —40%S | - 20%4.0| -513.F
Cu Secondary - 2LHe. | 2247 - 2%].0
Ni Secondary A4 |- £33 | - 65«3
Ag Secondary - 1433 | -84%.2 | - 2494

Immersed Test Electrodes vs. Room Temperature MPCMS Reference Electrodes

MPCMS | MPCMS | MPCMS Electrode
Ag/AgCl | Calomel | Cu/CuSOy | Housing
AAR TC128 “%A.TF | =466La | ~S283 | 2555
Cu Secondary 2644 | - 2381 | -400.5 |- 132.F
Ni Secondary -434. | -604.0 | -5834 |-2\L.2
| Ag Secondary ~ao)E | ~22D4 | B IR - 44.9
MPCMS Ag/AgCl ol L% +\s. .2
MPCMS Calomel $ &5 Y-8 5
MPCMS Cu/CuSOy = e F |y 224.2

Immersed Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes

Laboratory | Laboratory | Laboratory
Ag/AgCl Calomel Cu/CuSOy4
AAR TC128 ~ 438V | ~A53.9 -S530.
Cu Secondary ~28%4 |- 8361 | -348.3
Ni Secondary -4%4.5 | -&5.12.¢¥ | - 65%.|
Ag Secondary ~214.0 1-242.2 |-2u.4
MPCMS Ag/AgCl - la.g
MPCMS Calomel +2.8
MPCMS Cu/CuSO, - {0, \

This page may be reproduced as necessary
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RPP-RPT-44463, Rev. 0
RPP-PLAN-43916, Rev. 0

241-AN-107 Simulant
Wetted With Foam Compohent Liquid

A VN

|
T

TIME:_ 4 4 S 50 TEMP:

w3
o
[

A

550

Immersed ASTM A537 and Secondary Electrodes vs.
Immersed MPCMS Reference Electrodes

MPCMS | MPCMS MPCMS

Ag/AgCl Calomel | Cu/CuSO,
ASTM A537 “20.0 |44 |- %4%46
Cu Secondary - dK.lo -4134 |- 2820
Ni Secondary - 2.5 -%$12.0 |- 23430
Ag Secondary “bhHe 4 | 4B 4%) - 285D

Immersed Test Electrodes vs. Room Temperature MPCMS Reference Electrodes

MPCMS | MPCMS | MPCMS | Electrode

Ag/AgCl | Calomel | Cu/CuSO; | Housing
ASTM A537 33388 -423.% | -490.0 | -2a591| —23\.5
Cu Secondary -27%.4|-420.1 |-493.0 | —2603 | &4-249%F
Ni Secondary -238.% |-22\.5 |-262.5 | 28520 - \1(\.\
Ag Secondary -20.3.% |-410.4 [-4%2.L |-2%9 - 240.%
MPCMS Ag/AgCl | — (|| £562.0
MPCMS Calomel -3.4 + 5.7
MPCMS Cu/CuSO; _05.8 F2L.7

Immersed Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes

Laboratory | Laboratory | Laboratory
Ag/AgCl Calomel Cu/CuSO0;,

ASTM A537 295 | | —-4724.\ | -44D.8%
Cu Secondary -26p.2  |~419.5 —~4<%. |
Ni Secondary -24Lo  |-32p.2 |-428.9
Ag Secondary —2¢n.2 |-4i10.  |-434.D
MPCMS Ag/AgCl — L elp :
MPCMS Calomel - 8.1
MPCMS Cu/CuSOy = 90:%
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RPP-RPT-44463, Rev. 0
RPP-PLAN-43916. Rev. 0

241-AY-101 Simulant
Electrolyte Contamination — © 22 (entmainat oo

o
P
N

DATE: _Q\3\(0  TIME:_[\" SOaw TEMP: 344 pH:

Amount of Contaminant Added (Total): Q 26.0

Immersed AAR TC128 Electrode vs. Immersed MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0Oy4
AARTCI128 —-22\.0 3.4 - 2353 X
—543.0

Immersed Test Electrodes vs. Room Temperature MPCMS Reference Electrodes

MPCMS | MPCMS | MPCMS
Ag/AgCl | Calomel | Cu/CuSOy4
AAR TC128 -264.3 [-2458.5|-41L,.7
MPCMS Ag/AgCl +3.9
MPCMS Calomel +8.0
MPCMS Cu/CuSO, +lp-D

—

Immersed Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes

Laboratory | Laboratory | Laboratory
Ag/AgCl Calomel Cu/CuSO4
AARTC128 —Z(4-2 -240.3 |-403.4
MPCMS Ag/AgCl - 5.4
MPCMS Calomel +4.
MPCMS Cu/CuSO,4 tile-

¥ (u[lnS04 Bluueode zplaced w/ (eplaement
(o . SDg Electende - O\A electenda Wwaine
Lea PbRroen d«LuQ.'\nj Ceep Yeyrmudal.
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RPP-RPT-44463, Rev. 0

RPP-PLAN-43916, Rev. A

241-AN-107 Simulant

Electrolyte Contamination - e - Conta Mg o

- £g'4 o ) &5 e ;
paTE: 3| Hib TIME: (L3S  TEMP: foeet* pn: (0.
Amount of Contaminant Added (Total): Ifé 25.6

Immersed ASTM AS537 Electrode vs. Immersed MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel | Cu/CuSO4
ASTM A537 “224.0  |-284-3 | 4545

Immersed Test Electrodes vs. Room Temperature MPCMS Reference Electrodes

MPCMS | MPCMS | MPCMS
Ag/AgCl | Calomel | Cu/CuSOy
ASTM AS537 -252.3 [-343.3  [~4.1
MPCMS Ag/AgCl - 3.3
MPCMS Calomel - 4. %
MPCMS Cu/CuS0O, -F3

Immersed Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes

Laboratory | Laboratory | Laboratory
Ag/AgCl Calomel Cu/CuSO4
ASTM AS537 -230.% -3949. —~A404. o
MPCMS Ag/AgCl = A0
MPCMS Calomel ~2.%
MPCMS Cu/CuSO4 F2-8

This page may be reproduced as necessary.
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RPP-RPT-44463, Rev. 0
RPP-PLLAN-43916, Rev. 0

241-AY-101 Simulant

Electrolyte Contamination (9? D
DATE: 8/%/d TIME: [2:05 TEMP: AS-|  pH: [@0F
AT O

Amount of Contaminant Added (Total): ,JmL

Immersed AAR TC128 Electrode vs. Immersed MPCMS Reference Electrodes

MPCMS | MPCMS | MPCMS
Ag/AgCl | Calomel | Cu/CuSO
AAR TC128 2.2 | -38K9 |H563.1

Immersed Test Electrodes vs. Room Temperature MPCMS Reference Electrodes

MPCMS | MPCMS | MPCMS
Ag/AgCl | Calomel | Cu/CuSO,
AAR TC128 -HK3F |- Hebd.0| ~835.5
MPCMS Ag/AgCl -39.
MPCMS Calomel + 3.3
MPCMS Cu/CuSO, - 1%5.0

Immersed Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes

Laboratory | Laboratory | Laboratory
Ag/AgCl Calomel Cu/CuS0Oy
AARTCI128 - 2472.b -330.9 [-R38.4
MPCMS Ag/AgCl = 4P 5
MPCMS Calomel +8.le
MPCMS Cu/CuSO4 -17%.0
This page may be reproduced as necessary.
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RPP-RPT-44463, Rev. 0
RPP-PLAN-43916, Rev. 0

241-AN-107 Simulant

540

Electrolyte Contamination

™ATL. a Ve YIFY TTIRAL . = A TIRAAD. b "ol | wIT. AT
ALL: O] 7/iV LRIVIRG 8.0V L LLIVIK : . ] prii_Jju-ov
Amount of Contaminant Added (Total): _ .gml. 5.0

Immersed ASTM AS537 Electrode vs. Immersed MPCMS Reference Electrodes

MPCMS | MPCMS | MPCMS
Ag/AgCl Calomel | Cu/CuSO;,
ASTM A537 “284. | -R0- X | -4bL.A

Immersed Test Electrodes vs. Room Temperature MPCMS Reference Electrodes

MPCMS | MPCMS | MPCMS
Ag/AgCl | Calomel | Cu/CuSO;
ASTM AS537 - 29L v | —440.9 |-514.8
MPCMS Ag/AgCl = 1g. 0
MPCMS Calomel -3.3
MPCMS Cu/CuSOy -44.4

Immersed Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes

Laboratory | Laboratory | Laboratory
Ag/AgCl Calomel | Cu/CuSO,4
ASTM A537 ~412.¥ |-442.9 |-G504.4
MPCMS Ag/AgCl ~ {89
MPCMS Calomel ~ (.0
MPCMS Cu/CuSOy4 ~ 3.0
This page may be reproduced as necessary.
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241-AY-101 Simulant

— a4
Electrolyte Contamination )
NATE: QA\H IO TIME: (A28 TEMP- 24 ) - .57
AFLa A Ris [P RN A RivVER e O, 27 A BLJITYRL » o 1. l.ll.l. I CY "~ |

Amount of Contaminant Added (Total): 0.5 L

Immersed AAR TC128 Electrode vs. Immersed MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0Oy

AAR TC128 -E3.8 |- 5415 |-L5%.4

Immersed Test Electrodes vs. Room Temperature MPCMS Reference Electrodes

MPCMS | MPCMS | MPCMS
Ag/AgCl | Calomel | Cu/CuSO;
AAR TC128 -546.9 [-58%F.0 | -LLO.¥®
MPCMS Ag/AgCl t+14.4
MPCMS Calomel o
MPCMS Cu/CuSOy - 5.0

Immersed Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes

Laboratory | Laboratory | Laboratory
Ag/AgCl Calomel Cu/CuSO0y
AAR TC128 -68%%F [-585.8 |-053.0
MPCMS Ag/AgCl + 1.8
MPCMS Calomel +9 .4
MPCMS Cu/CuSO4 +2.%

This page may be reproduced as necessary.
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RPP-RPT-44463, Rev. 0
RPP-PLAN-43916, Rev. 0

241-AN-107 Simulant

y s i
Electrolyte Contamination 9(.1 )
DATE: _A3[3Jip  TIME: 2225  TEMP:_ 344 pH:_j0-(¢

Amount of Contaminant Added (Total): _ D.5 mL

Immersed ASTM A537 Electrode vs. Immersed MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel | Cu/CuSO,

ASTM A537 -282.7 | -430.8 [-4%.3

Immersed Test Electrodes vs. Room Temperature MPCMS Reference Electrodes

MPCMS | MPCMS | MPCMS
Ag/AgCl | Calomel | Cu/CuSO;,
ASTM A537 -285. |-42%.8 | -900-]
MPCMS Ag/AgCl |- 2.0
MPCMS Calomel -%.5
MPCMS Cu/CuSOq —-44.

Immersed Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes

Laboratory | Laboratory | Laboratory
Ag/AgCl Calomel Cu/CuSOy
ASTM AS537 ~293.9 | -42L.3 ~4G6.7F
MPCMS Ag/AgCl - I8.5
MPCMS Calomel - (0.2
MPCMS Cu/CuSOy4 - 3-F

This page may be reproduced as necessary.
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RPP-PLAN-43916, Rev. 0

-0\
SR s.s)
241 -AN=167 Simulant ; f
Electrolyte Contamination lasal)
DATE: J(HO  TIME: ' 1Opwm TEMP:_24. pH:_2.0%

5 :
Amount of Contaminant Added (Total): _Mw ﬁ?ﬁagt

Immersed ASTM AS537 Electrode vs. Immersed MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel | Cu/CuSOjy

ASTM AS37 ~4q.) |- HI-F -UF5H.9

Immersed Test Electrodes vs. Room Temperature MPCMS Reference Electrodes

MPCMS | MPCMS | MPCMS
Ag/AgCl | Calomel | Cu/CuSO,
ASTM AS537 ~wle.O | — FO}0| - 8.7
MPCMS Ag/AgCl =% F
MPCMS Calomel +L-d
MPCMS Cu/CuSO; -110.4

Immersed Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes

Laboratory | Laboratory | Laboratory
Ag/AgCl Calomel | Cu/CuSO,
ASTM A537 ~LH.L | -FA.9 | —HL
MPCMS Ag/AgCl - 241
MPCMS Calomel ¥ 3.5
MPCMS Cu/CuSOy o
- |0L.4

This page may be reproduced as necessary.
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RPP-RPT-44463, Rev. 0
RPP-PLAN-43916, Rev. 0

Av-101
241-A¥-161 Simulant (255)
Electrolyte Contamination !a@ﬁf 33 )
DATE: 2|30 TIME: \'\DSpm TEMP: 24.5 pH: 10259

Amount of Contaminant Added (Total): _CQQMM w VoaéfC

Immersed AAR TC128 Electrode vs. Immersed MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuS0Oy

AARTCI28 “4]0.9 | -442.3 |-ohl5

Immersed Test Electrodes vs. Room Temperature MPCMS Reference Electrodes

MPCMS | MPCMS | MPCMS
Ag/AgCl | Calomel | Cu/CuSOy
AAR TC128 -4bl.0 | -44%.3 | -521-2
MPCMS Ag/AgCl +10.0
MPCMS Calomel - -7
MPCMS Cu/CuSOy - |3D.5

Immersed Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes

Laboratory | Laboratory | Laboratory
Ag/AgCl Calomel Cu/CuSO,
AARTC128 - HI¥. 4 ~4473 ~-515.49
MPCMS Ag/AgCl ~.0
MPCMS Calomel -5.4
MPCMS Cu/CuSO, - 1e4-9

This page may be reproduced as necessary.
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RPP-RPT-44463, Rev. 0

RPP-PLAN-43916, Rev. 0

241-AY-101 Simulant

Electrolyte Contamination 264

v Lidles o DF.00 A\ TEMP: 24 %
z5
Amount of Contaminant Added (Total): Llled o/ aste

pH: (1Y

Immersed AAR TC128 Electrode vs. Immersed MPCMS Reference Electrodes

MPCMS |[MPCMS |MPCMS
Ag/AgCl Calomel Cu/CuSOy4
AAR TC128 ~23.0 | <315 |-252.8

Immersed Test Electrodes vs. Room Temperature MPCMS Reference Electrodes

MPCMS | MPCMS | MPCMS
Ag/AgCl | Calomel | Cu/CuSO,
AAR TC128 1064 | ~250.77 [-322.9
MPCMS Ag/AgCl 16,0
MPCMS Calomel ) g.\
MPCMS Cu/CuSOy 1% 1

Immersed Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes

Laboratory | Laboratory | Laboratory

Ag/AgCl Calomel Cu/CuSO4
AAR TC128 -224.3 | -250.1 [ -3l43
MPCMS Ag/AgCl LA wY
MPCMS Calomel 44 =V
MPCMS Cu/CuSO, -6 M

This page may be reproduced as necessary.
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RPP-RPT-44463, Rev. 0
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241-AN-107 Simulant

Electrolyte Contamination

25.6 16,62
™AL, A 'trlu._ FIMAT. A0 14 TTRAD. 2] & AT, I s
DATE: LY ilo TIME: 0% .\5 Ap\ TEMP: <£5.% po:_ T\ (p &F&—

Immersed ASTM AS537 Electrode vs. Immersed MPCMS Reference Electrodes
MPCMS MPCMS MPCMS
Ag/AgCl Calomel Cu/CuSOy,

ASTM A537 ~ayq.9_ | -d\L.A [ -304.5

Immersed Test Electrodes vs. Room Temperature MPCMS Reference Electrodes

MPCMS | MPCMS | MPCMS
Ag/AgCl | Calomel | Cu/CuSOy
ASTM A537 TN a TG
MPCMS Ag/AgCl 4.4
MPCMS Calomel -,
MPCMS Cu/CuSO, -\%b.%

Immersed Test Electrodes vs. Room Temperature Laboratory-Grade Reference Electrodes

Laboratory | Laboratory | Laboratory
Ag/AgCl Calomel | Cuw/CuSO,
ASTM A537 - 24T Mg £ | ATEE
MPCMS Ag/AgCl 0.49
MPCMS Calomel .
MPCMS Cu/CuSOy4 =YCR.2

This page may be reproduced as necessary.
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TEST EXCEPTIONS



RPP-RPT-44463, Rev. 0

TEST EXCEPTION LOG

Procedure Closed
Date Step Description Initial/Date

REF-SLAN- Reduce temperature of test cell bath from

2/3/2010 43915,
. 35°C to 25°C.
Section 11

RPP-PLAN- ; 1I(nsertdnew ;olumn o?lelecil;lrode in- ol

2/5/2010 43916, eakage data sheet to collect the potentia

of the tested electrode with respect to the

Section 11 .
eeton electrode housing.




RPP-RPT-44463, Rev. 0

TEST EXCEPTION DISPOSITION

Test Exception Number: 1

Describe Corrective Action:

In RPP-PLAN-43915, Section 11, “Test Instructions,” all instances that stipulate that 35°C
will be used as the test cell temperature bath have been changed to 25°C. Maintaining a
temperature of 25°C was achievable using the PolyScienceTl"I3 Model 7306 temperature
controller and copper cooling coils. It was thought prior to testing that a temperature of 25°C
would be unfeasible due to a competition between the laboratory’s HVAC system and the
temperature controller. However, the use of both copper cooling coils and the temperature
controller were able to maintain a constant temperature of 25°C for the test bath.

Corrective Action Completed:

Test Director: Date:
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TEST EXCEPTION DISPOSITION

Test Exception Number: 2

Describe Corrective Action:

In order to verify that leakage resistance is present when the backs of the electrodes are wetted
with contaminate, a test was added to collect the potential formed between the electrode and
the electrode housing. RPP-PLAN-439135, Section 11, “Test Instructions,” does not specify
that this measurement should be made. A fifth column named Electrode Housing was added
to the table, “Immersed Test Electrodes vs. Room Temperature MPCMS Reference
Electrodes,” to capture the data.

Corrective Action Completed:

Test Director: Date:
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APPENDIX E

SUPPLEMENTARY DATA
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