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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-J 02 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-I02 on May I, 2008. A similar system 
was designed, fabricated, and installed in Double-shell Tank 241-AY-I02 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 probe!. 

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-I02 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-I02 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-A Y -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 

1 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-lOI, 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-A Y -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-A Y -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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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-J 02 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-I02 on 
May I, 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-I02. 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-J02 
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-I02 on March 26, 2009. Like the 241-AN-I02 system, the 
241-AY-I02 system was designed to collect corrosion potential and corrosion rate data from a 
variety of electrodes installed on an in-tank probe 2 

Shortly after installation of the 241-A Y -102 system, data began indicating a number of electrode 
failures. In the ensuing troubleshooting process, it was discovered that there is likely some form 
ofliquid 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 snowlrain 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 I-I were utilized. 

2 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-lOI, 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 

MPCMS-Style Silver/Silver Chloride 
the MPCMS application with a Kynar®3 

(Ag/ AgCl) Electrode: 
body and porous Kynar frit (for radiation 
resistance), uses a 1M potassium chloride 

filling solution 

MPCMS-Style Saturated Calomel 
A specially-designed SCE for the MPCMS 
application with a Kynar body and porous 

Electrode (SCE): 
Kynar frit (for radiation resistance) 

A specially-designed CU/CUS04 electrode 

MPCMS-Style Copper/Copper Sulfate 
for the MPCMS application with a Kynar 

(CU/CUS04) Electrode: 
body and porous Kynar frit (for radiation 

resistance), uses a saturated copper sulfate 
filling solution 

Laboratory-grade, glass-bodied Ag/ AgCl 

Laboratory-Grade Ag! AgCl Electrode: 
electrode, uses a 4M potassium chloride 

filling solution (Beckman Coulter®4, Inc., 
Model BKSlll 05) 

Laboratory-Grade SCE 
Laboratory-grade, glass-bodied SCE 

(Beckman Coulter, Inc., Model BKS111 0 1) 
Laboratory-grade, plastic-bodied CU/CUS04 

Laboratory-Grade CU/CUS04 Electrode: 
electrode, uses a saturated copper sulfate 
filling solution (M.C. Miller™5 Co., Inc. 

Model RE-37S) 

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/CUS04, 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-l. 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 

3 Kynar is a registered trademark of Arkema, Inc., Philadelphia, Pennsylvania. 
4 Beckman Coulter is a registered trademark of Beckman Coulter, Inc., Brea, California. 
5 M.C Miller is a registered trademark ofM.C Miller Co., Inc., Ringwood, New Jersey. 
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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. 6,7 

Electrode Temperature Coefficient (mV/OC) 
SCE 0.22 

Ag/ AgCl (1M potassium chloride) 0.25 
Calomel (1M potassium chloride) 0.59 

CU/CUS04 (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 m V 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-PLAN-43915, Test Plan for Evaluating the Influence of Temperature on MPCMS Electrode 
Corrosion Potentials. Test results are expected to aid in the evaluation of field data from the 
241-AN-I02 MPCMS, as well as MPCMSs installed in other tanks. 

2.2 EXPERIMENT AL SETUP 

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

I. One each of the MPCMS-style primary reference electrodes (i.e., Ag/ AgCl, 
CU/CUS04, and calomel electrodes under test), 

2. One tank material electrode under test, 

3. One condenser, and 

4. Approximately one liter of241-AY-101 or 241-AN-107 tank waste simulant 
(simulant compositions shown in Appendix A). 

6 From "NACE Corrosion Engineers Reference Book, Third Edition" (Baboian 2002), p. 91. 
7 From "Fundamentals of Analytical Chemistry" (7th Edition) (Skoog, West, and Holler 1996), p. 388. 
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Both of the Teflon®8 test cells containing the electrodes under test were immersed in an insulated 
bath. Temperature control of the bath was attained using a PolyScience®9 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. 

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

8 Teflon is a registered trademark ofE. I. du Pont de Nemours and Company, Wilmington, Delaware. 
9 PolyScience is a registered trademark of Preston Industries , Inc. dba PolyScience Corporation, Niles , TIlinois. 
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Flgure 2-2. Temperature Test Apparatus. 

The general test procedure is described below: 

1. Fill Test Cell #1 "With at least lL of241-AY-101 simulant. 

2. Immerse an Association of American Railroads (AAR) TC 128 electrode into Test 
Cell #1. 

3. Immerse one of each ofthe three types ofMPCMS primary reference electrcxles in 
Test Cell #1 (calomel, CuiCUS04, Ag/ AgCI). 

4. Fill Test Cell #2 "With at least lL of 241-AN-107 simulant. 

5. Immerse an American Society for Testing and Materials AS37 Class 1 (ASTM AS37 
CL 1) electrcxle into Test Cell #2. 

6. Immerse one of each ofthe three types ofMPCMS primary reference electrcxles in 
Test Cell #2 (calomel, CuiCUS04, Ag/ AgCI). 

7. Set aside one of each ofthe three types ofMPCMS primary reference electrcxles 
(calomel, CuiCUS04, Ag/ AgCI) and allow to equilibrate at 25°C. 

13 
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8. Set aside one of each of the three types of laboratory-grade primary reference 
electrodes (calomel, CU/CUS04, Ag/ AgCl) and allow to equilibrate at 2S0C. 

9. Immerse Test Cell #1 and Test Cell #2 in a constant temperature bath and allow test 
temperature and electrode potentials to equilibrate at approximately 2S0C. 

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 AS37 CLl and AAR TC128 electrodes 
under test with respect to: 

• Each of the three MPCMS-style primary reference electrodes that are 
immersed in the respective test cells (calomel, CU/CUS04, Ag/ AgCl), 

• Each of the three 2S0C MPCMS-style primary reference electrodes 
(calomel, CU/CUS04, AglAgCl), and 

• Each of the three 2S0C laboratory-grade primary reference electrodes 
(calomel, CU/CUS04, Agi AgCl). 

o Measure the potentials of each of the MPCMS-style primary reference electrodes 
under test (calomel, CU/CUS04, Ag/AgCl) with respect to a 2S0C MPCMS-style 
reference electrode of the same type and a 2S0C 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 2S0C MPCMS­
style and laboratory-grade calomel primary reference electrode, etc.). 

1l. 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 2S0C and 3S0C. Note that cell temperature must be 
constant before measurements are made. 

12. Between 3S0C 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 SOC increments. Note that cell temperature must be constant before 
measurements are made. 

13. If time allows, repeat the measurements described in Step 10, but while lowering the 
test cell temperatures in SOC increments from 60°C to 3SoC, then in 2°C increments 
from 3S0C to 2SoC. 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-PLAN-
43915 are listed in Appendix D. 

Table 2-2. Temperature Test Matrix. 

W orkin~ Electrodes Reference Electrodes Temperature Ran~e 
MPCMS-style Ag/AgCl MPCMS-sty Ie Agi AgCl 25c C 

(Temperature Range 25c C - 60C C) Laboratory-grade Ag/AgCl 25 C C 
MPCMS-style Calomel MPCMS-style Calomel 25 C C 

(Temperature Range 25c C - 60c C) Laboratory-grade Calomel 25 C C 

MPCMS-style CuiCUS04 MPCMS-style CuiCUS04 25c C 
(Temperature Range 25c C - 60c C) Laboratory-grade CuiCUS04 25 C C 

Ag/AgCl 25 C C -60C C 
MPCMS-style under test Calomel 25 C C -60C C 

CuiCUS04 25 C C -60C C 

AAR TC-128 or ASTM A537 CLl 
Ag/AgCl 25c C 

(Temperature Range 25c C - 60c C) 
MPCMS-style Calomel 25 C C 

CuiCUS04 25 C C 
Ag/AgCl 25 C C 

Laboratory-grade Calomel 25 C C 
CuiCUS04 25 C 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 offive 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 24l-AY-lOl waste simulant and 24l-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 24l-AY-lOl waste 
simulant and 24l-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-IOI Waste Simulant at Various Temperatures with Respect to MPCMS-Style 

Primary Reference Electrodes Held at 25·C. 
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Figure 2-4. Potential of MPCMS-Style Primary Reference Electrodes Under Test in 
241-AN-I07 Waste Simulant at Various Temperatures with Respect to MPCMS-Style 

Primary Reference Electrodes Held at 25·C. 
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Figure 2-S. Potential of AAR TCl28 Steel Electrode Under Test in 241-AY-IOI Waste 
Simnlant at Various Temperatures with Respect to MPCMS-Style Primary Reference 

Electrodes Held at 2SoC. 
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Figure 2-6. Potential of ASTM AS37 CLI Steel Electrode Under Test in 241-AN-I07 Waste 
Simnlant at Various Temperatures with Respect to MPCMS-Style Primary Reference 

Electrodes Held at 2SoC. 
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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 electrodes as measured with respect to the MPCMS-style 
calomel reference electrodes held at 2YC. 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 CU/CUS04 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 mVrC for the 
calomel electrode and l.00 mVrC for the Ag/ AgCl electrode). The erratic behavior of the 
CU/CUS04 electrode is likely due to changes in solubility of CUS04 with temperature (i.e., the 
stability of the potential ofCu/CuS04 reference electrodes is dependent on maintaining a 
saturated CUS04 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-I02 MPCMS is 
available in RPP-RPT-38932, 241-AN-102 Multi-Probe Corrosion Monitoring System: 
September, October, and November Quarterly Report. 10 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 m V rc. 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 electrode malfunction. 

3.0 LIQUID IN-LEAKAGE TESTING 

3.1 BACKGROUND AND PURPOSE 

Shortly after the installation of the MPCMS into Tank 241-A Y -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 

10 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 return 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 MO resistance). 11 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 MO resistance ).12 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. Leakage 
resistance between these shields and the test return lead range from 3830 to 120kO. At higher 
elevations on the probe, the supernatant electrode cable shields remain isolated from the test 
return (i.e., leakage resistance >400 MO). Field measurements from the June 22, 2009 
troubleshooting tests taken by Washington River Protection Solutions, LLC 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. 13 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®14 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 

11 RPP-RPT -40633, Factory Acceptance Test Report for the 24J-AY-J 02 Multi-Probe Corrosion Monitoring System. 
12 RPP-RPT-40867, Construction Acceptance and Process Test Reportfor the 24J-AY-J02 Multi-Probe Corrosion 
Monitoring System. 
13 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). 
14 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-I0l 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 inj ectionlmixing 
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.e., 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-PLAN-43916, Test Plan for Evaluating the Effects 
ofMPCMS Primary Reference Electrode Electrolyte Contamination and MPCMS Probe Body 
Liquid In-Leakage. Test results are expected to aid in the evaluation offield data from the Tank 
241-AY-I02 MPCMS, and MPCMSs installed in other tanks. 

3.2 EXPERIMENT AL SETUP 

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

l. One each of the MPCMS-style primary reference electrodes (i.e., Ag! AgCl, 
CU/CUS04, and calomel electrodes under test); 

2. One tank material electrode under test; 

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

4. Approximately one liter of tank waste stimulant from either 241-AY-I0l or 
241-AN-I07 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 oflaboratory-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 potas81um chlonde salt bndges w ere lnstall ed between each test cell conl<l1mng 
the electrodes under te st and the 25"C reference electrode cell. The use of salt bn dg es facdi tat ed 
potential measurem ents while mlmmmng solution contalmnation of the reference electrodes 
hel d at 25°C. Figure 3-1 depl cts the expenm ental setup for the 1i qU1d m -leakage test 

Figure 3-1. Liquid In-Leakal:e Te.-t Apparatu. (Salt Bridl:e. Not Shown). 

The general te st procedure 1 s described bel ow 

1 Fill Test Cell #1 with at 1 east lL of 241-A Y -101 81m ulant 

2 Immerse an AAR TC128 electrode mto T est Cell #1 

3 Immerse Cu, Ni, andAg secondary reference el ectrodes lnto Test Cell #1 

4 Immers e one of each of the three typ es of MPCM:S pnmary referenc e electrodes m 
Test Cell #1 (calomel, Cu/CuSO. , Ag/AgCl) 

5 Fill Test Cell #2 with at 1 east lL of 241-AN-l 07 81m ulant 

6 Immers e an ASTMA537 CLI electrode lnto T est Cell #2 

7 Immerse Cu, Ni, andAg secondary ref erence electrodes lnto Test Cell #2 

8 Immerse one of each of the three types of MPCM:S pnmary referenc e electrodes m 
T est Cell #2 (calomel, Cu/CuSO., Ag/AgCl) 
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9. 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. 

10. Set aside one of each of the three types of MPCMS primary reference electrodes 
(calomel, CU/CUS04, Agi AgCl) and allow to equilibrate at 25°C. 

ll. Set aside one of each of the three types of laboratory-grade primary reference 
electrodes (calomel, CU/CUS04, Ag/ AgCl) and allow to equilibrate at 25°C. 

12. 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 AS37 CLl, 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/CUS04, Ag/AgCl), 

• Each of the three 25°C MPCMS-style primary reference electrodes 
(calomel, CU/CUS04, AglAgCl), and 

• Each of the three 25°C laboratory-grade primary reference electrodes 
(calomel, CU/CUS04, Agi AgCl). 

o Measure the potentials of each of the MPCMS-style primary reference electrodes 
(calomel, CU/CUS04, Agi 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/CUS04, MPCMS-style Ag/ AgCl, tank material, Ni, Cu, and Ag 
electrodes) and its respective electrode housing. 

13. 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. 

14. 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. 

15. Repeat the potential measurements described in Step 12 on the clean feed-throughs. 
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16. 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. 

17. 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. 

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

19. Wet the back of each feed-through with Handi-Foam®15 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-l. 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/AgCI 

MPCMS-style Ag/AgCI Laboratory-grade Ag/ AgCI 
Electrode Housing 

MPCMS-style Calomel 
MPCMS-style Calomel Laboratory-grade Calomel 

Electrode Housing 
MPCMS-style CuiCUS04 

MPCMS-style CuiCUS04 Laboratory-grade CuiCUS04 
Electrode Housing 

Ag/AgCI 
MPCMS-style under test Calomel 

CuiCUS04 
Ag Secondary, Ag/AgCI 
Ni Secondary, MPCMS-style reference Calomel 

Cu Secondary, and CuiCUS04 
TC-128 or ASTM AS37 CLl Ag/AgCI 

Laboratory-grade reference Calomel 
CuiCUS04 

Electrode Housing 

15 Handi-Foarn is a registered trademark of Forno 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 tenn "wetted" or "wetted electrode" indicates the 
presence of some form ofliquid 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-IOI 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-IOI Waste Simulant. Groups 

Represent Individual Contamination Steps. 
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Figure 3-3. 241-AN-I07 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-I07 Waste Simulant. Groups 
Represent Individual Contamination Steps. 
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Figure 3-4. 241-AY-IOI 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-IOI Waste Simulant. Groups 
Represent Individual Contamination Steps. 
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Figure 3-5. 241-AN-I07 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-AN-I07 Waste Simulant. Groups 
Represent Individual Contamination Steps. 
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Figure 3-6. 241-AY-IOI 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-IOI Waste Simulant. Groups 
Represent Individual Contamination Steps. 
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Figure 3-7. 241-AN-I07 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-I07 Waste Simulant. Groups 
Represent Individual Contamination Steps. 
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Figure 3-8. 241-AY-IOI Tank Material Electrode Wetting. Potential of the AAR TCl28 
Secondary Reference Electrode is Measured with Respect to the Reference MPCMS-Style 

Primary Reference Electrodes at Room Temperature in 241-AY-IOI Waste Simulant. 
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Figure 3-9. 24l-AN-107 Tank Material Electrode Wetting. Potential of the ASTM AS37 
CLI Secondary Reference Electrode is Measured with Respect to the reference MPCMS­

Style Primary Reference Electrodes at Room Temperature in 24l-AN-107 Waste Simulant. 
Groups Represent Individual Contamination Steps. 
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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 24l-AY-lOl Test Cell 

Potential differences for each wetting step measured for each secondary reference electrode in 
the 241-AY-lOl 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-10l Test Cell. 

Clean Ni and Water Ni Clean Ni and Waste Ni Clean Ni and Foam Ni 
[mVI [mVI [mVI 

AgCI -232.9 -594.5 -176.9 
Calomel -234.1 -596.2 -163.8 

CUS04 -234.5 -596.5 -169.8 

Clean Cu and Water Cu Clean Cu and Waste Cu Clean Cu and Foam Cu 
[mVI [mVI [mVI 

AgCI -2.4 -352.8 2.3 
Calomel 1 -354.3 l.4 

CUS04 -0.7 -354.3 l.2 

Clean Ag and Water Ag Clean Ag and Waste Ag Clean Ag and Foam Ag 
[mVI [mVI [mVI 

AgCI -215.8 -648.3 -42.2 

Calomel -106.5 -649.9 -128.2 

CUS04 -217 -649.5 -42.6 

Clean AAR TC128 and 
Clean AAR TC128 and 

Clean AAR TC128 and 
Waste AAR TC128 

Water AAR TC128 [mY] 
[mVI 

FoamAAR TC128 [mY] 

AgCI -216.9 -629.7 -7.6 

Calomel -225.8 -630.9 -6.8 

CUS04 -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 
24l-AY-101 test cell. After wetting with water, the potential of the nickel electrode dropped 
approximately 230 m V with respect to all three MPCMS primary reference electrodes held at 
25°C. When wetted with 24l-AY-101 waste simulant, the potential of the nickel electrode 
decreased approximately 595 m V with respect to all three MPCMS primary reference electrodes 
held at 25°C. The potential of the nickel electrode decreased approximately 170 m V 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 
24l-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 24l-AY-101 waste simulant, the potential of the copper electrode decreased 
approximately 350 m V 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 
24l-AY-101 test cell. After wetting with water, the potential of the silver electrode decreased by 
about 215 m V with respect to the Ag/ AgCl and CU/CUS04 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 mY. When wetted with 24l-AY-101 waste simulant, the potential of the silver 
electrode decreased approximately 650 m V with respect to all three MPCMS primary reference 
electrodes held at 25°C. The potential of the silver electrode decreased by about 40 m V with 
respect to the Ag/ AgCl and CU/CUS04 electrodes, and about 130 m V 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. AAR TCl28 

Figure 3-8 shows the measured potentials of the AAR TC128 tank material electrode in the 
24l-AY-101 test cell. After wetting with water, the potential of the AAR TC128 electrode 
decreased by about 220 m V 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/CUS04 electrode held at 25°C decreased only about 130 mY. When wetted with 24l-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/CUS04 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 electrode and the 
CU/CUS04 electrode does not follow this trend. 

3.4.2 241-AN-I07 Test Cell 

Potential differences for each wetting step measured for each secondary reference electrode in 
the 24l-AN-l07 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] [mV] [mV] 

AgCI -40.9 -163 -68.1 

Calomel -41 -161 -68.5 

CUS04 -4l.6 -157.5 -68.4 

Clean Cu and Water Cu Clean Cu and Waste Cu Clean Cu and Foam Cu 
[mV] [mV] [mV] 

AgCI -2.7 -l.5 -10.5 

Calomel 36.4 -9.2 -10.8 

CUS04 -8.6 -5.7 -10.8 

Clean Ag and Water Ag Clean Ag and Waste Ag Clean Ag and Foam Ag 
[mV] [mV] [mV] 

AgCI -199.2 -179.3 -67.4 

Calomel -156.6 -177.4 -67.6 

CUS04 -198.7 -173.7 -67.9 

Clean ASTM A537 CLI Clean ASTM A537 Clean ASTM A537 CLI 
and Water ASTM A537 CLland Waste ASTM and Foam ASTM A537 

CLI [mV] A537 CLI [mV] CLI [mV] 
AgCI -128.1 -148. 7 -82.2 

Calomel -129.6 -145.2 -82.8 

CUS04 -130.2 -14l.6 -83.1 

3.4.2.1. Nickel 

Figure 3-3 shows the measured potentials of the nickel secondary reference electrode in the 
24l-AN-l07 test cell. After wetting with water, the potential of the nickel electrode dropped 
approximately 40 m V with respect to all three MPCMS-style primary reference electrodes held 
at 25°C. When wetted with 24l-AN-l07 waste simulant, the potential of the nickel electrode 
decreased approximately 160 m V 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 
24l-AN-l07 test cell. After wetting with water, the potential of the copper electrode decreased 
by approximately 5 m V with respect to the MPCMS-style Ag! AgCl and CU/CUS04 reference 
electrodes held at 25°C. The potential of the copper electrode increased by 36 m V with respect 
to the calomel reference electrode held at 25°C. When wetted with 24l-AN-l07 waste simulant, 
the potential of the copper electrode decreased approximately 5 m V 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 m V 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 is 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 MPCMS-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 electrode in the 241-AN-1 07 test cell was relatively unaffected 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 m V with respect to the MPCMS-style Ag! AgCl and CU/CUS04 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 mY. When the electrode was wetted with 241-AN-107 
waste simulant, the potential decreased approximately 175 m V 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 m V 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 m V. 

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 AS37 eLl 

Figure 3-8 shows the measured potentials of the ASTM A537 CLl tank material electrode in the 
241-AN-107 test cell. After wetting with water, the potential of the ASTM A537 CLl electrode 
decreased by about 130 m V 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 A537 
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 A537 CLl electrode decreased by about 83 m V 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 AS37 
CLI secondary reference electrode, decreasing the potential about 135 m V. 

3.4.3 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. 

VOUT 

RLEAKAGE 

PROBE WALL 

VIN ~ potential at the reference electrode-to-electrolyte interface 

RLEAKAGE ~ DC resistance of leakage path from electrode to probe body. 

VOUT = measured potential from electrode lead wires 

Under normal circumstances, secondary reference electrodes are electrically isolated from the 
probe body, therefore RLEAKAGE can be considered to be infinite. However, should waste in­
leakage occur, RLEAKAGE 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 (VIN) is typically measured by 
connecting a multimeter to a lead terminated to an electrode. The voltage measured at the 
electrode lead (V OUT) 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-electrolyte interface in two directions: to the 
electrode lead or to the probe body. Normally V OUT should equal VIN; however, if the in-leaked 
fluid were highly conductive, it would have some effect on V OUT due to the impedance between 
the metal electrode and the conductive solution. When the voltage at the electrode lead (V OUT) 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 (VIN). 

34 



RPP-RPT-44463, Rev. 0 

3.5 PRIMARY REFERENCE ELECTRODE RESULTS 

NOTE: For the purposes of this discussion, the tenn "wetted" or "wetted electrode" indicates the 
presence of some form ofliquid 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: 

l. 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). 

Due 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/CUS04 
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/AgCI Electrode with Respect to the Reference 
MPCMS-Style Primary Reference Electrodes at Room Temperature in 241-A Y -101 Waste 

Simulant. Groups Represent Individual Contamination Steps. 
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Figure 3-12. Measured Potential of the Ag/ AgCI 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-A Y -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/CUS04 Electrode with Respect to the Reference 
MPCMS-Style Primary Reference Electrodes at Room Temperature in 241-A Y -101 Waste 

Simulant. Groups Represent Individual Contamination Steps. 
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Figure 3-16. Measured Potential of the CU/CUS04 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" 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 made after each electrode cleaning operation. 

3.6.1 241-AY-I0l Test Cell 

Potential differences for each wetting step measured for each MPCMS primary reference 
electrode in the 24l-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 Held at 25°C in the 

241-AY-I0l Test Cell. 

Clean Ag/AgCI and Water Clean Ag/AgCI and Waste Clean Ag/AgCI and Foam 
Ag/AgCI [mV] Ag/AgCI [mV] Ag/AgCI [mV] 

Ag/AgCI -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/CUS04 and Clean CU/CUS04 and Clean CU/CUS04 and 
Water Cu/CuS04 [mV] Waste Cu/CuS04 [mV] Foam Cu/CuS04 [mV] 

CU/CUS04 -5.07 -431 -3.5 

3.6.1.1. Silver/Silver Chloride 

Figure 3-11 shows the measured potentials of the Agi AgCl primary reference electrode under 
test in the 24l-AY-101 test cell with respect to the reference Agi 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 mY. When wetted with 24l-AY-101 waste simulant, the 
potential of the Ag/ AgCl primary reference electrode under test decreased by 414 m V. The 
potential of the Ag/ AgCl primary reference electrode under test decreased 21 m V when wetted 
with Foam Part B Component. 

3.6.1.2. Calomel 

Figure 3-13 shows the measured potentials of the calomel primary reference electrode under test 
in the 24l-AY-101 test cell with respect to the reference calomel electrode held at 25°C. After 
wetting with water, the potential of the calomel primary reference electrode under test increased 
by 13 mY. When wetted with 24l-AY-101 waste simulant, the potential of the calomel primary 
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reference electrode under test decreased 145 mY. The potential of the calomel primary reference 
electrode under test increased 14 m V when wetted with Foam Part B Component. 

3.6.1.3. Copper/Copper Sulfate 

Figure 3-15 shows the measured potentials of the CU/CUS04 primary reference electrode under 
test in the 24l-AY-101 test cell with respect to the reference CU/CUS04 primary reference 
electrode held at 25°C. After wetting with water, the potential of the CU/CUS04 primary 
reference electrode under test decreased by 5 mY. When wetted with 24l-AY-101 waste 
simulant, the potential of the CU/CUS04 primary reference electrode under test decreased 
431 m V. The potential of the CU/CUS04 primary reference electrode under test decreased 4 m V 
when wetted with Foam Part B Component. 

3.6.2 241-AN-I07 Test Cell 

Potential differences for each wetting step measured for each MPCMS primary reference 
electrode under test in the 24l-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 Held at 25°C in the 

241-AN-I07 Test Cell. 

Clean Ag/AgCI and Water Clean Ag/AgCI and Waste Clean Ag/AgCI and Foam 
Ag/AgCI [mV] Ag/AgCI [mV] Ag/AgCI [mV] 

Ag/AgCI -5.6 -3.3 0.9 

Clean Calomel and Water Clean Calomel and Waste Clean Calomel and Foam 
Calomel [mY] Calomel [mY] Calomel [mY] 

Calomel -44.6 -8.2 -l.8 

Clean Cu/CuSO, and Clean Cu/CuSO, and Clean Cu/CuSO, and 
Water Cu/CuSO, [mY] Waste Cu/CuSO, [mY] Foam Cu/CuSO, [mY] 

Cu/CuSO, -157.6 -86.9 -55.7 

3.6.2.1. Silver/Silver Chloride 

Figure 3-12 shows the measured potentials of the AglAgCl primary reference electrode under 
test in the 24l-AN-107 test cell with respect to the reference Agi 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 m V. When wetted with 24l-AN-107 waste simulant, the potential 
of the Ag/ AgCl primary reference electrode under test decreased 3 m V. The potential of the 
Ag/ AgCl primary reference electrode under test increased 1 m V 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 electrode 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 mY. When wetted with 241-AN-I07 waste simulant, the potential of 
the calomel primary reference electrode under test decreased 8.2 m V. The potential of the 
calomel primary reference electrode under test decreased 2 m V when wetted with Foam Part B 
Component. 

3.6.2.3. Copper/Copper Sulfate 

Figure 3-16 shows the measured potentials of the CU/CUS04 primary reference electrode under 
test in the 241-AN-I07 test cell with respect to the reference CU/CUS04 primary reference 
electrode held at 25°C. After wetting with water, the potential of the CU/CUS04 primary 
reference electrode under test decreased by 157 mY. When wetted with 241-AN-107 waste 
simulant, the potential of the CU/CUS04 primary reference electrode under test decreased 87 mY. 
The potential of the CU/CUS04 primary reference electrode decreased 56 m V 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. 

RCELL 

PROBE WALL 

VIN ~ potential at the reference electrode-to-electrolyte interface 

R,;ELL ~ DC resistance of the electrode body. 

RLEAKAGE 

RLEAKAGE ~ DC resistance of leakage path from electrode to probe body. 

V OUT = measured potential from electrode lead wires 
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For primary reference electrodes, RCELL is 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 RLEAKAGE 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, RLEAKAGE 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 (VIN) is typically measured by 
connecting a voltmeter to a lead terminated to an electrode. The voltage measured at the 
electrode lead (V OUT) is equal to VIN minus the voltage drop across RCELL. When the electrode 
and probe body are electrically isolated, this measurement technique is an effective way to 
determine VIN. The voltage drop across RCELL should be negligible if a high impedance 
voltmeter is used, and V OUT should approximate VIN. 

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. VOUTwill no longer equal VIN, and it will 
instead follow the voltage divider equation shown in Equation 1: 

V RLEAK V 
OUT = . IN· 

RLEAK+ RCELL 
(1) 

Because RCELL is large, RLEAK has a significant impact on the measurement of V OUT. When the 
voltage at the electrode lead (V OUT) is measured against the voltage of the electrode housing, the 
resulting potential is equal to the voltage potential at the electrode-tank waste interface (VIN). 

3.7 RELATIONSHIP TO FARM DATA 

The 241-AY-I0l test cell was designed to replicate the conditions in Tanks 241-AY-I0l and 
241-AY-I02. 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 colunm 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-I02 MPCMS over the course of the initial failed electrode data shift16 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. 

16 Data from Figures B4 and B5 of RPP-RPT -40661, 2009, 241-AY-1 02 Multi-Probe Corrosion Monitoring System: 
January 2010 Monthly Report. 
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Table 3-6. Measured Potential Difference Recorded for 241-AY-I02 Failed Secondary 
Reference Electrodes with Respect to Each MPCMS Primary Reference Electrode 

Compared to Data from Table 3-2. 

Ni 

Tank [mY] Water [mY] Waste [mY] Foam [mY] 
AgCI 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] 

AgCI 400 -2.4 -352.8 2.3 

Calomel 300 1 -354.3 1.4 

CuSO, 200 -0.7 -354.3 1.2 

Ag 

Tank [mY] Water [mY] Waste [mY] Foam [mY] 

AgCI 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 [mY] Water [mY] Waste [mY] Foam [mY] 

AgCI 500 -216.9 -629.7 -7.6 

Calomel 600 -225.8 -630.9 -6.8 

CuSO, 600 -127.4 -630.8 -2.3 

While the shift in magnitude for most of the electrodes 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-IOI waste simulant. 
The potential of the metallic electrodes wetted with 241-AY-IOI 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 m V to 250 m V (with respect to a clean electrode of the 
same type). The potential of the primary reference electrodes wetted with 241-AY-IOI waste 
simulant shifted by approximately ISO m V to 450 m V (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 m V to 100 m V 
(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 m V 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-439 16. Test 
results are expected to aid in the evaluation offield data from the Tank 241-AY-102 MPCMS, 
and MPCMSs installed in other tanks. 

4.2 EXPERIMENT AL SETUP 

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

l. One each of the MPCMS-style primary reference electrodes (i.e., Ag! AgCl, 
CU/CUS04, and calomel), 

2. One tank material electrode, and 

3. Approximately one liter of tank waste stimulant from either 241-AY-101 or 
241-AN-I07 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 oflaboratory-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. 

Flgure 4-1. Electrode Electrolyte Contamination Test Setup. 

The general test procedure is described below: 

1. Fill a Test Cell #1 lNith at least 1L of 241-AY -101 simulant. 

2. Immerse an AAR TC 128 electrode into Test Cell #1. 

3. Immerse one of each of the three types ofMPCMS primary reference electrodes in 
Test Cell #1 (calomel, CuiCuS04, Ag/AgC1) 

4. Fill Test Cell #2lNith at least 1L of 241-AN-107 simulant. 

5. Immerse an ASTM A537 CL 1 electrode into Test Cell #2. 

6. Immerse one of each ofthe three types ofMPCMS primary reference electrodes in 
Test Cell #2 (calomel, CuiCuS04, Ag/AgC1). 

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/CuS04, 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/CuS04, 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 AS37 CLl 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/CUS04, Ag/AgCl), 

• Each of the three room temperature MPCMS-style primary reference 
electrodes (calomel, CU/CUS04, Ag/ AgCl), and 

• Each of the three room temperature laboratory-grade primary reference 
electrodes (calomel, CU/CUS04, Ag/ AgCl). 

o Measure the potentials of each of the MPCMS-style primary reference electrodes 
under test (calomel, CU/CUS04, 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.). 

1l. 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/CuS04, Ag/ AgCl) in each Test Cell with approximately 0.1 to 0.5 mL 
of the appropriate waste simulant. Agitate the contaminated electrodes 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-l. Test exceptions for the procedure detailed in RPP-PLAN-
43916 are listed in Appendix D. 
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Table 4-1. Electrode Electrolyte Contamination Test Matrix. 

Test Electrode Electrodes Used as Test Reference 
MPCMS-style Ag/AgCI 

MPCMS-style Ag/AgCI Laboratory-grade Ag/ AgCI 
AAR TC-128 or ASTM AS37 CLl 

MPCMS-style Calomel 
MPCMS-style Calomel Laboratory-grade Calomel 

AAR TC-128 or ASTM AS37 CLl 
MPCMS-style CuiCUS04 

MPCMS-style CuiCUS04 Laboratory-grade CuiCUS04 
AAR TC-128 or ASTM AS37 CLl 

Ag/AgCI 
MPCMS-style under test Calomel 

CuiCUS04 
Ag/AgCI 

TC-128 or ASTM AS37 CLl MPCMS-style reference Calomel 
CuiCUS04 
Ag/AgCI 

Laboratory-grade reference Calomel 
CuiCUS04 

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/CUS04 primary reference electrode fluctuates 
over 100 m V 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 AS37 CLl 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 Electrodes and Measured Potentials of the Tank 

Material Electrodes Measured with Respect to the MCPMS Electrodes Under Test in 
241-AY-IOI 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 Electrodes and Measured Potentials of the Tank 

Material Electrodes Measured with Respect to the MCPMS Electrodes Under Test in 
241-AN-I07 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 a result, 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-A Y -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/CUS04 electrode 
shifted by approximately -100 m V 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 electrode 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 m V. The potential of 
the ASTM AS37 CLl tank material electrode, as measured with respect to the contaminated 
primary reference electrodes, shifted in the negative direction by approximately 10m V. 

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 electrode 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 electrode potential from expected values) has not been determined. 

Under experimental conditions, a change in potential of less than 25 m V 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 electrolyte 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 electrode is shown in Equation 2: 

Where: 

E is the total voltage, 

o RT I E = E -- naCl 
zF 

EO is the standard cell potential (in this case 0.222 V), 

R is the gas constant, 

z is the amount of electrons transferred (in this case 1), 

F is Faraday's constant, and 

ael is the activity of the chloride ion in the inner chamber of the electrode. 
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In equation 2, RT and EO are constants. It can be seen that the total voltage of the cell is 
zF 

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 is 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 (ael) is equal to 3, and the second term in the Nernst 
equation has a value of 0.023V, yielding the expected potential for a Ag/ AgCI electrode of 
0.199V at 2YC. Decreasing ael in the Nernst equation to a value of I causes the second term to 
decrease to 0 V, yielding a potential of 0.222 V (the standard cell potential). Decreasing ael in 
the calculation to equal that of the 241-AY-IOI 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 m V. 

The fact that the change in potential was smaller than 100 m V 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 Ksp 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/CUS04 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-IOI simulant has a high carbonate concentration, a pH driven release of CO2 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/CUS04 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, E, 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. 

o RT I E = E + - nacu2+ 
zF 

(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. 

5.0 SUMMARY AND CONCLUSIONS 

5.1 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 electrode frit design or the gel-type 
electrode filling solution used in the MPCMS-style electrodes. Most data from the 241-AN-I02 
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. 

5.2 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-I02. Shifts in potential induced by the 
electrode wetting experiments generally correlated with the conductivity of the wetting liquid. 
241-AY-I0l waste simulant seems to be more conductive than 241-AN-I07 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-A Y -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-I02. 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-I02 MPCMS. 

5.3 ELECTROLYTE CONT AMINA nON 

An electrolyte 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: 

Compound Formula Mass (g) for 1 L Mass (g) for 4 L 
of solution of solution 

Sodium Aluminate NaAI02.2H2O 12.63 50.51 

Sodium Chloride NaCI 1.06 4.25 

Sodium Fluoride NaF 0.58 2.32 

Sodium Chromate Na2Cr204 0.67 2.67 

Sodium Sulfate Na2S04 2.83 11.31 

Sodium Phosphate, 12-Hydrate Na3P04 12H2O 18.85 75.41 

Sodium Formate NaHCOO 0.86 3.45 

Sodium Acetate Trihydrate NaCH3COO.3H2O 1.21 4.83 

Sodium Oxalate Na2C20 4 0.67 2.68 

Sodium Carbonate Na2C03 21.30 85.21 

Sod i u m Nitrate NaN03 11304 452.15 

Sod i u m Nitrite NaN02 14.15 56.59 

Sodium Silicate Na2Si03.9H20 0.49 1.97 

Glycolic Acid C2H403 0.80 3.20 

Sodium Hydroxide NaOH 28.44 113.76 

Adjust total solution volume to 2550 mL by adding 01 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 m L of 01 water. 

Rinse filter with approximately 50 mL of 01 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 01 water. Allow solution to cool. 

Adjust final solution to volume of 4 L with 01 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 for 1 L of for 4 L of 

solution solution 

Deionized Water H2O 200.00 800.00 

Calcium Nitrate, 4-Hydrate Ca(N03j, 4H2O 3.48 13.92 

Cerium Nitrate, 6-Hydrate Ce(N03h6H2O 0.16 0.64 

Cesium Nitrate CsN03 0.03 0.11 

Copper Nitrate, 2.5-Hydrate Cu(N03h2.5H2O 0.11 0.44 

Ferric Nitrate, 9-Hydrate Fe(N03h 9H2O 12.23 48.92 

Lanthanum Nitrate La(N03h6H2O 0.14 0.56 

Lead Nitrate Pb(N03j, 0.62 2.48 

Magnesium Nitrate, 6-Hydrate Mg(N03j, 6H2O 0.26 104 

Manganous Chloride, 4-Hydrate MnCI2.4H2O 2.03 8.12 

Neodymium Nitrate, 6-Hydrate Nd(N03h6H2O 0.29 1.16 

Nickel Nitrate, 6-Hydrate Ni(N03)2.6H2O 2.63 10.52 

Potassium Nitrate KN03 4.60 18.40 

Strontium Nitrate Sr(N03j, 0.02 0.06 

Zinc Nitrate, 6-Hydrate Zn(N03j,.6H20 0.21 0.84 

Zirconyl Nitrate ZrO(N03),-xH2O 0.19 0.76 

EDT A, Ethylenediaminetetraacetate Na2EDTA 7.26 2904 

HEDTA, n-Hydroxyethylenediamine triacetate HEDTA 2.16 8.64 

Sodium Gluconate C,H
"

NaO, 3.93 15.72 

Glycolic Acid C2H40 3 26.93 107.72 

Citric Acid Monohydrate C6 Hs07 H2O 9.44 37.76 

Nitrilotriacetic Acid C6 HgN06 0.57 2.28 

Iminodiacetic Acid HN(CH2COOHj, 604 24.16 

Boric Acid H3B03 0.20 0.80 

Sodium Chloride NaCI 5.84 23.36 

Sodium Fluoride NaF 0.29 1.16 

Sodium Chromate Na2Cr204 0.55 2.20 

Sodium Sulfate Na2S04 12.20 48.80 

Potassium Molybdate K2Mo04 0.09 0.36 

SUM 302.49 1209.97 

A-3 
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In a separate container, mix the following: 

Mass (g) Mass (g) 
Compound Formula for 1 L of for 4 L of 

solution solution 

Sodium Hydroxide NaOH 15.26 6104 

Aluminum Nitrate, 9-Hydrate AI(N03h-9H2O 5.37 21.48 

Sodium Phosphate, 12-Hydrate Na3P04 12H2O 4.44 17.76 

Sodium Formate NaHCOO 15.71 62.84 

Sodium Acetate Trihydrate NaCH3COO.3H2O 2.37 9.48 

Sodium Oxalate Na2C20 4 1.26 504 

Deionized Water H2O 200.00 800.00 

SUM 244.41 977.64 

Mix thoroughly. 

Then add the following to the solution in the carboy: 

Sodium Carbonate Na2C03 148.25 593.00 

Mix thoroughly 

Then add the following to the solution in the carboy: 

Sodium Nitrate NaN03 297.29 1189.16 

Sodium Nitrite NaN02 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. 
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APPENDIXB 

CALIBRATION DATA 
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'7 PolyScience 
Division of Preston Industries. Inc. 

Phon", "'1(847) 64J.{)61 I 
Fax · 1(647) 6<11-1250 
e-1TI3~: OualltyMana{jar@potysclence.com 

an ISO 900 1-2000 Certirled Company 
E51~bll$tloo 1963 

6600 WTouhy Ave 
Niles, IL 60714-4516 USA 

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 
Seria l # : 101010048 

Ambient Temp: 22.795 
Test Dale : 1/1812010 

45.00 

40.00 

35,00 

30.00 

25.00 

2000 

15.00 

10.00 

.00 

000 
000 00 0"04:16 0:08:25 

Control System: Verified 
Heating System: Verified 
Fit & Finish: Verified 

Test Parameters 

Operator: control lers 
Test Fixture Number: 4 

Temperature Profile 

012.31 0:18:36 0.20:42 02.449 0 '28:55 03303 

Tlme (hh :rnm:ss) 

B-2 

Dialectric Strength Tested: Verified 
Safety Inspected: Verified 
Final Inspection: Verified 
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'"V PolyScience 
Division of Presion Industries. Inc 

6600 W Touhy Ave Phone +1(847) 647-0611 
fax +1\647) 847- 1250 

an ISO 9001-2000 Cerillied Company 
Established 1963 Nilos, IL 60714-4516 USA 

e-mail: QualityManageJ@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 you r satisfaction. 

Model: 7306 
Seria l #: 110100042 

Ambient Temp: 23.743 
Test Date: 1/14/2010 

45.00 

40.00 

35.00 

30.00 

25.00 

20.00 

15.00 

10.00 

5.00 

Test Parameters 

Operator: controllers 
Test Fixture Number: 2 

Temperature Profile 

0 .00 L-_______________________ J 

0:00:00 0:07:30 0;15:31 0:23:30 0:31;01 0:38:36 0:4652 0.54:25 

Control System: Verified 
Heating System: Verified 
Fit & Finish: Verified 

Tlmelhh:mm:ss) 
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Olalectric Strength Tested: Verified 
Safety Inspected : Verified 
Final Inspection: Verified 
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APPENDIXC 

DATA SHEETS 
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RPP-PLAN-43915, Rev. 0 

241-A Y-IOI Simulant 

DATE: at f'li dD\\) TIME: l., '. 1 s;-en TEMP: 
JFt-/;r=t 
.2S-·1 pH: [,;.4 

AAR TCl28 Electrode vs Immersed MPCMS Reference Electrod.,s " 

(ut (r1 
MPCMS MPCMS MPCMS 
A!!"/A!!"CI Calomel CU/CUS04 

AARTCl28 - ;O~ . '5 -'?>SI . ~2. -41 q. ·5 

Test Electrodes vs. Room Temperature MPCMS Reference Electrodes 

r/r.\ ~l 
MPCMS MPCMS MPCMS 
AI!/AI!CI Calomel CU/CUS04 

AAR TCl28 
- Jt:'f ~ . Q.. -62:,~A ~-403 .~ 

MPCMS 
~+S.D AglAgCI 

MPCMS 1" q. OL Calomel 
MPCMS 

+6.5 CU/CUS04 

T G est Electrodes vs. Room Temperature Laboratorv- rade Reference Electrod es 

\'"'l':A L1'-) 
Laboratory Laboratory Laboratory 

A!!"/A!!"CI Calomel Cu/CuSO. 
AAR TCl28 - 3> \ '2.,LR - tA \. I -4l\.~ 

blc..c.-IC. 
C-J 

MPCMS AgI AgCl 
-G, ·tr 

MPCMS Calomel +q ,s 
MPCMS 

-\-l. \ Cu/CuSO. 

This page may be reproduced as necessary. 
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241-AN-I07 Simulant 

" I [ I . ' o--"1i~ 
DATE: Qd 4 )QjD TIME: V' ' \ S-Or!' TEMP: ~S-. \ 

ASTM A537 Electrode vs Immersed MPCMS Reference Electrodes 
MPCMS MPCMS MPCMS 
Ag/AgCl Calomel Co/CoS04 

ASTMA537 - ;),54.0 _ ~€i~ ~ Zq.q" -·Yj~ · o 

Test E d lectro es vs. R oom T emperatore MPC SR f M e erence Electrodes 
MPCMS MPCMS MPCMS 
AglAgCl Calomel Co/CoS04 

ASTMA537 -d4~.3 - d- '6'1 .5 -;55 ·5 
MPCMS 

- b · ~ AglAgCl 
MPCMS 

r ,Q. I Calomel 
MPCMS 't'\ . LP CO/COS04 

T El t d est ec ro es vs. R oom T empera ore a ora ory- ra e e erence t Lb t G d R~ El t des ec ro 
Laboratory Laboratory Laboratory 

Ag/AgCl Calomel Co/CoSO. 

ASTMA537 - d5'1 .'1 - 2'iM.D -bS'1 .5 
MPCMS 

- 14·':) A2IAeCI 
MPCMS 

2· lP Calomel 
MPCMS 

~\ . ~ CO/COS04 

This page may be reproduced as necessary 
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241-AY-IOI Simulant b-~=r,~ 
DATE: d.\ S-~D TIME: ~"")..Ac TEMP: (lY.?,D.(W.. pH:..Q.i.:::lLe'------_ 

AAR TC128 Electrode vs Immersed MPCMS Reference Electrodl!s 

VI u\ H--) 
MPCMS MPCMS MPCMl 
AID'A!!Cl Calomel Cu/CuS( 

AARTCl28 ~ l-=tLt ·1> -d.dl.5 -JED ·' 
"8 t)C\.lX.... ). 

~ 

Test Electrodes vs. Room TemDerature MPCM S Reference Electrodes 
MPCMS - MPCMS MPCMS 
A!!/A!!CI Calomel Cu/CuSO, 

AARTCl28 t. ~ -11.9T.'f - dOq. S -d.-fr. ~ 
MPCMS .fCl.\D AglAgCI 
MPCMS 

-tld- .5 Calomel 
MPCMS -r d..T-Cu/CuSO. 

T est Electrodes vs. Room TemDerature Laboratorv-Grade Reference Electrod es 
Laboratory Laboratory Laboratory 

AID'A!!CI Calomel Cu/CuSO. bl~ 
AAR TCl28 

f..- 1-=rt1 . \p -J.QT·6 -j::::r\. S 
MPCMS AglAgCI - ~. l 
MPCMS Calomel 

'q~. :t-
MPCMS 

+~·5 Cu/CuSO. 

This page may be reproduced as necessary. 

C-2 Page ~ of __ _ 

C-4 



RPP-RPT-44463, Rev. 0 

RPP-PLAN-439 15, Rev. 0 -
241-AN-I07 Simulant 

DATE: a.ldddO TlME: t1-.3-. 4 TEMP: lO ·."?o(_ pH: (0. ~w 
J.<;,~ 

ASTM A537 Electrode vs Immersed MPCMS Reference Electrodes 
MPCMS MPCMS MPCMS 
Ag/AgCI Calomel Cu/CuSO. 

ASTMA537 - '6.}l.t. l - ~LP~'d- - 44\· 4. 

T tEl t d es ec ro es vs. R oom T t MPCMS R f empera ure e erence d ectro es 
MPCMS MPCMS MPCMS 
Ag/AgCI Calomel Cu/CuSO. 

ASTMA537 - ~d-'i,d- -1:rO . , -4s"1·5 
MPCMS - ~.'1 AglAgCI 
MPCMS 

-~·4 Calomel 
MPCMS 

-t-':, -=r-Cu/CuSO. 

T EI est d ectro es vs. R oom T emperature L b a oratory- ra e e erence G d R f EI I,ctro des 
Laboratory Laboratory Laboratory 

AglAgCI Calomel Cu/CuSO. 

ASTMA537 - ;41. 5" - 'b(Pq.4 -4~, .;2. 

MPCMS 
- I u· & AglAgCI 

MPCMS ---J.Le Calomel 
MPCMS +-'4. S Cu/CuSO. 

This page may be reproduced as necessary 
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241-A Y-IOI Simulant ;;;.. ~ '!f I J-<.q·8 

DATE: Q) 15 TIME: \2'. 6D~TEMP: d S pH:~- (I 5 't 

T 

AAR TCl28 Electrode vs Immersed MPCMS Reference Electrodes 
MPCMS MPCMS 
AWAgCI Calomel 

AARTCl28 -\ p.I.- - 'd--l'1 · ::r 

MPCM LJ 
~ 

CulCuS 

- d-1-~ 

T EI est d ectro es vs. R oom T emperature MPCMSR t e erence EI ectrodes 
MPCMS MPCMS MPCMS 
Ag/AgCI Calomel CU/CUS04 

AARTC128 
- \ l,q. l,<> - 2-o~· "\- - 27-5.7 

MPCMS t £1 . 2 Ag/AgCI 
MPCMS 

lr\'2- ·2-Calomel 
MPCMS 

T \ · 8 CU/CUS04 

est Electrodes vs. Room Temperature Laboratory-G rade Re erence Eledrod 

Laboratory Laboratory Laboratory 
AWAgCI Calomel CU/CUS04 

AARTC128 
- \~ ·3 - 2D5. D -~=r+ :1-

MPCMS AglAgCI 
-1-.~ 

MPCMS Calomel -t1'S· ~ 
MPCMS 

+2·9 CU/CUS04 

This page may be reproduced as necessary. 
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241-AN-I07 Simulant (2 (, ·1 (J.:,. &' 

DATE: d \ S TIME: TEMP: 1;;. U pH: {D.% 

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

ASTMA537 -?A \. '1 - ~~6' I -~.'1 

T EI est d ectro es vs. R oom T emperature MPCMSR f e erence Electrodes 
MPCMS MPCMS MPCMS 
Ag/AgCl Calomel Cu/CuSO. 

ASTMA537 -S4L\ ·t - '69£.0 -<{54 ·+ 
MPCMS 

~"f·LP Ag/Ae;Cl 
MPCMS ~4.D Calomel 
MPCMS 

I'- q,. 1,0 Cu/CuSO. 

T est Electrodes vs. Room Temperature Laboratory-Grade Reference Electrod es 
Laboratory Laboratory Laboratory 

Ag/AgCl Calomel Cu/CuSO. 

ASTMA537 -sS4; .s - ~~S,=t - 4S35 
MPCMS 

-\v'l Ae;lA2Cl 
MPCMS 1-2 . '8 Calomel 
MPCMS +4 . L.,.. 
Cu/CuSO. 

This page may be reproduced as necessary 

C-3 page_~ __ of _ __ _ 

C-7 



RPP-RPT-44463 , Rev. 0 
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241-AY-IOI Simulant 

DATE: ;;2(s;;-iJaU TIME: c2: tDprY\ TEMP: $ .0 pH:..JI3~+--_ 

AAR TC128 Electrode vs Immersed MPCMS Reference Electrodes 
MPCMS MPCMS MPCM' 
A!!IAI!Cl Calomel CulCuS( 

AARTC128 - \"V\ :::t - d ltj . .}... -d:=ti--" 8 
Test Electrodes vs. Room Temoerature MPCMS Reference Electrodes 

MPCMS MPCMS MPCMS 
A!!IAI!CI Calomel Cu/CuSO. 

AARTC128 • 
-I Le-4:.3:, -~'d- - (). 1S'·cr 

MPCMS 
t 'l ~ Ag/AgCI 

MPCMS 
t~L..-d--Calomel 

MPCMS 
+-\.~ Cu/CuSO. 

T est Electrodes vs. Room Temperature Laboratory-Grade Reference Electrod es 

Laboratory Laboratory Laboratory 
AI!/AI!CI Calomel Cu/CuSO. 

AAR TC128 
- \ 1-'1-. ~ -()-o~. 1;' -d~·5 

MPCMS AglAgCI 
-.:1 ·1 

MPCMS Calomel 
-nS · <t 

MPCMS +J..v Cu/Cuso. 

This page may be reproduced as necessary. 
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241-AN-I07 Simulant (~.'( ) 

DATE: 8\S;;:Btto TIME: .;2~ o.?f?~ TEMP: -'a .... ~'-"'.O"--_ pH:~.-",,(oO,,--_ 

ASTM AS37 Electrode vs Immersed MPCMS Reference Electrodes 
MPCMS MPCMS MPCMS 
AglAgCI Calomel CU/CUS04 

ASTMAS37 -g4'Le ·::r -;~-4 - 'tLP \. "l 

T EI est d ectro es vs. R oom T emperature MPCMSR ~ e erence EI d ectro es 
MPCMS MPCMS MPCMS 
AglAgCI Calomel CU/CUS04 

ASTMAS37 - ~4€; · 5 -3/iD .9: -4~O . G) 

MPCMS 
-4·5 Ag/AgCI 

MPCMS 
~-4.o Calomel 

MPCMS 
-t~ . 0 CU/CUS04 

T est Electrodes vs. R oom T emperature a oratory- ra e e erence L b G d R f EI ectro des 
Laboratory Laboratory Laboratory 

Ag/AgCI Calomel Cu/CuSO. 

ASTMAS37 --s ~\. I:) -~&-S. '- -464 ·"" 
MPCMS 

-\~ . ::l-AWAgCI 
MPCMS -d-. '6' Calomel 
MPCMS t-s · ,(; CU/CUS04 

This page may be reproduced as necessary 
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241-AY-IOI Simulant 

DATE: J,! 5/U) TIME: 4-'.OD f'svfEMP: J. 1I"·qPl.~ pH: 

.')--:2.. '"' 0"'" I • U 

AAR TCl28 Electrode vs Immersed MPCMS Reference Electrodes 
MPCMS MPCMS MPCM: 
AlV'AIlCI Calomel Cu/CuS( 

AAR TCl28 - l1-~D -.Md,~ -d-~.d ~ 
T EI est d ectro es vs. R oom T emperature MPCMSR ~ e erence EI ectrodes 

MPCMS MPCMS MPCMS 
AIl/AIlCI Calomel Cu/CuSO. 

AARTCl28 
- Iltt.D -ddi·O ,...l1&J-

MPCMS 
+-4'~ Ag/AgCI 

MPCMS 
-\-'\~. \ Calomel 

MPCMS -\)A Cu/Cuso. 

T est Electrodes vs. Room Temperature Laboratory-G rade Reference Electrod es 

Laboratory Laboratory Laboratory 
AlV'AIlCI Calomel Cu/CuSO. 

AARTCl28 v\~, S"" - dD1- · ~ --J.. -::}(., ·::Jr 
MPCMS AglAgCI -' d- ,q 
MPCMS Calomel 

~ lL\A 
MPCMS 

l('S. O Cn/CuSO. 

This page may be reproduced as necessary. 
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241-AN-I07 Sirnulant 

DAT E: a{5/10 T1ME : 4 ~DD ~W\ T EMP: d.&" . '1/J.&~ pH: )O . ~ 
&.1-.0 

ASTM A537 Electrode vs Immersed MPCMS Reference Electrodes 
MPCMS MPCMS MPCMS 
Ag/AgCI Calomel CU/CUS04 

ASTMA537 - l.,dS .'D - ~~7.~ - ''1Q \ 

Test Electrodes VS. Room Temoerature MPCMS Reference Electrodes 
MPCMS MPCMS MPCMS 
Ag/AgCI Calomel CulCUS04 

ASTMA537 ..--'2.... lin.? ...... 7 lul-S .... ~S"' . 2-

MPCMS -q .~ A!!IA!!'CI 
MPCMS .... :;,l£) 
Calomel 
MPCMS 

t"~ .1 CU/CUS04 

T est Electrodes vs. Room Temperature Laboratory-Grade Reference Electrod 
Laboratory Laboratory Laboratory 

Ag/AgCI Calomel CU/CUS04 

ASTMA537 .... ??~ .... 'bv L1 .0 .... 4.S\·1-
MPCMS _\V ·'\ A!!'IA!!CI 
MPCMS 

-~A Calomel 
MPCMS -\'-u . \ CU/CUS04 

This page may be reproduced as necessary 

es 
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241-AY-IOI Simulant 

DATE: ;}/S-/IO TIME '. <"; 00 'tlIl .,,, ----'=-v __ r"-'--fJ\ _ TEMP: LV'.3 pH:~),,--_ 

AAR TCl2S Electrode vs Immersed MPCMS Reference Electrodl~s 

B 
MPCMS MPCMS MPCM. 
A2/AI!CI Calomel CulCuS( 

AARTCl2S - 1=ttS .&" -225.0 - &84. 

CSt Test Electrodes vs. Room Temperature MP M Re erence Electrodes 
MPCMS MPCMS MPCMS 
Ag/AgCI Calomel Cu/CuSO. 

AAR TCl2S -\ &4.0 - 2\D." -2~ · l 
MPCMS +q·S Ag/AgCI 
MPCMS t-l4 · D Calomel 
MPCMS 

j- ~ . [ Cu/CuSO. 

T EI est d ectro es vs. R oom T t Lb t GdRt empera ure a ora ory- ra e e erence El t des ec ro 

Laboratory Laboratory Laboratory 
A2/AI!CI Calomel Cu/CuSO, 

AARTCl2S 
-~8D·4 - 201.0 - 21"1. J 

MPCMS AglAgCI 
- 2·1-

MPCMS Calomel t\S'.2 
MPCMS Pf .S Cu/CuSO. 

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

RPP-PLAN-43915 , Rev. 0 

(3).~) 
Cfl·O 

DATE: .::>cM"'5;:.LL""'IO'--__ TIME: SOO1'M TEMP: ---=3)",-. '3-"'--__ pH: IO.I",,~B,,---_ 

ASTM A537 Electrode vs Immersed MPCMS Reference Electrodes 
MPCMS MPCMS MPCMIS 
Ag/AgCI Calomel CulCUS04 

ASTMA537 -2w' ~ - 31Q . 2.. - 3CJ1 'd-

Test Electrodes vs. R oom T C S ~ emperature MP M Re erence Electrodes 
MPCMS MPCMS MPCMS 
Ag/AgCI Calomel CU/CUS04 

ASTMA537 - d::t-8.~ - 3\Cj · (,p -38-€; ·0l-
MPCMS -4 .CJ AglAgCI 
MPCMS -~ . '1 Calomel 
MPCMS 

+5·3 CU/CUS04 

T EI t d est ec ro es vs. R oom T empera ure a ora ory- ra e e erence t Lb t G d R~ EI t des ec ro 
Laboratory Laboratory Laboratory 

Ag/AgCI Calomel Cu/CuSO. 

ASTMA537 c!)& .1 -' 1::>l4 . 1:) --384 .~ 
MPCMS -\\D.C! Ag/AgCI 
MPCMS - ( . r-Calomel 
MPCMS lo·V? CU/CUS04 

This page may be reproduced as necessary 
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241-AY-IOI Simulant ~ '.~ '1) 

DATE: 01 1~11 12 I , c· <.. / 
TIME: LV'. 'Sb p m TEMP: ---<.7d",,· ...:.!·is-,--_ pH:---4,... ( ) 

':1... i " . ). -
AAR TCl2S Electrode vs Immersed MPCMS Reference Electrodl's 

a
~ 
). 

) 

MPCMS MPCMS MPCMl 
Ag/Ae.CI Calomel Cu/CuS( 

AARTCI2S -'filv -J~l- -d- 'isS.: 

T EI est d ectro es vs. R oom T MPCMSR ~ emperature j e erence EI ectrocles 
MPCMS MPCMS MPCMS 
Ae./Ae.CI Calomel Cu/CuSO. 

AAR TCl2S 
- IVl1 - .~\\ u - 'UDc, 

MPCMS 
+ <l .S AglAgCI 

MPCMS I- \ (j QI Calomel 
MPCMS . .,- '3, {"\ 
Cu/Cuso. 

T est Electrodes vs. Room Temperature Laboratory-Grade Re erence Electrod es 

Laboratory Laboratory Laboratory 
Ag/Ae.CI Calomel Cu/CuSO. 

AARTCl2S 
\ ~\,'t - ,Ju:1 ' ~ - ;J.~.i:S' -.. 

MPCMS AglAgCI 
."\ -

MPCMS Calomel 
\"'ilJ? ,~ 

MPCMS t S t-\ Cu/CuSO. 

This page may be reproduced as necessary. 
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241-AN-I07 Simulant ~ J. t!7I 

DATE: Cd Is-II \) TIME: ( , f:-J 9'" TEMP: 'j J gv 
..,. 
':) I. v 

pH:---U.L. lc ( 

ASTM A537 Electrode vs Immersed MPCMS Reference Electrodes 
MPCMS MPCMS MPCMS 
Ag/AgCI Calomel CulCUS04 

ASTMA537 - .J,~ L\ . \ - !:lj" -~~("c \ 

Test Electrodes vs. Room Temperature MPCMS Reference Electrodes 
MPCMS MPCMS MPCMS 
Ag/AgCl Calomel CU/CUS04 

ASTMA537 
- v lP - '1 - ~V\ ~ - ~'T\ 1-

MPCMS 
-~ \ AglAgCl 

MPCMS 
- :;) ~ Calomel 

MPCMS t lo CI CU/CUS04 

T EI est d ectro es vs. R oom T empera ure a oratory-t L b ra e e erence G d R ~ EI cctro 
Laboratory Laboratory Laboratory 

Ag/AgCl Calomel CU/CUS04 

ASTMA537 - ) ";, .\ - ~Ol \ - ~1L> .1D 
MPCMS 

- \1'."..., A2IA2Cl 
MPCMS - \ \ Calomel 
MPCMS 

+ ~ .:r CU/CUS04 

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

RPP-PLAN-439 I 5, Rev. 0 

241-AY-101 Simulant (S4.Q) 
TEMP: .,4 ."1-DATE: :at;llle/(Q TIME: ~ : 2-D pH:1Ll-,",6c--

!l. '2. ,-.., 
"J? ' V 

AAR TC12S Electrode vs Immersed MPCMS Reference Electrod!,s 

a
~ 
>. 
) 

MPCMS MPCMS MPCM! 
rtA AI!IAe;CI Calomel CulCuS{ 

AARTC128 - \~~ .~ -22..\.0 -2..."R-.U 

T EI est d ectro es vs. R oom T em perature MPCMS R ~ e erence E lectrodes 
MPCMS MPCMS MPCMS 
AI!IAe;CI Calomel Cu/CuSO. 

AAR TC128 
-llR2..\ - '2.D4".D -2~ · :r-

MPCMS +1 \) . \ AglAgCl 
MPCMS 

-r-~V .~ Calomel 
MPCMS 

+1· \p Cu/CuSO. 

T Est Electrodes vs. Room Temperature Laboratory-G f rade Re erence Electrod es 

Laboratory Laboratory Laboratory 
AI!IAe;CI Calomel Cu/CuSO. 

AARTC128 
-\1-S .0 - ';LOd, .6 - Z=to.r:) 

MPCMS AglAgCl 
-;l . f5 

MPCMS Calomel 
+-\,. . ~ 

MPCMS 
-t- \D.c, Cu/CuSO. 

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

RPP-PLAN-439l5 , Rev. 0 

241-AN-I07 Simulant ('l:;4AJ 

TEMP: tt:o DATE: 21 Lo/ ID TIME: 1S ', 20 pH: lO . (po 

ASTM AS37 Electrode vs Immersed MPCMS Reference Electrodes 

D9 
MPCMS MPCMS MPCM 
Ag/AgCI Calomel CulCuS4 

ASTMA537 -jdA.D -~(pg . ( - 34'1· 

Test Electrodes vs. Room Temnerature MPCMS Reference Electrodes 
MPCMS MPCMS MPCMS 
Ag/AgCI Calomel CuiCuSO. 

ASTMA537 - d dV.5 -J.~7,l -b;g.3 
MPCMS - Co. ! A!!IA2CI 
MPCMS 

-~ . ! Calomel 
MPCMS 

+~ , (p Cu/CuSO. 

T est Electrodes vs. Room Temperature Laboratory-Grade Reference Electrod 
Laboratory Laboratory Laboratory 

Ag/AgCl Calomel Cu/CuSO. 

ASTMA537 -d-~T ' ~ -d.lP~.l.:> -1;~JA 
MPCMS - 1'1. { A!!IA!!:CI 
MPCMS -I .q Calomel 
MPCMS +\4 .1 Cu/Cuso. 

This page may be reproduced as necessary 
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241-AY-IOI Simulant 

RPP-RPT-44463, Rev. 0 

RPP-PLAN-439 I 5, Rev. 0 

ss:o 
G(P.~ 

DATE: -,a""V(o/IJ./~wO,---__ TlME: 10;00 TEMP: ---'~"",,",' I.O:....-__ pH:~"",S-__ 

AAR TCl2S Electrode vs Immersed MPCMS Reference Electrodl~s 

MPCMS MPCMS 
AglAgCI Calomel 

AARTC128 -1(,:);;1. -.D:'3· 0 

MPCMi 
CulCuS( 

- .)<$1. 0 

o 
~ 

T tEl t d es ec ro es vs. R oom T t MPCMS R ~ empera ure e erence EI t ec rot es 
MPCMS MPCMS MPCMS 
AglAgCI Calomel Cu/CuSO. 

AARTC128 
- (r ;-(:u':; -Ko'1 0 -CtiJ; .l-

MPCMS 
..- /0·1 AglAgCI 

MPCMS 
Calomel r ltv· Cf 

MPCMS 
Cu/CuSO. f ~ '1 

T EI est d ectro es vs. R oom T em perature L b a oratory- ra e e erence G d R f EI edro des 

Laboratory Laboratory Laboratory 
AglAgCI Calomel CulCuSO. 

AARTC128 - \ -:r~ . \p - 2D'S·3 -2~s · 4 

MPCMS AglAgCI - 2.. ~ 
MPCMS Calomel 

+\~ . 2. 

MPCMS + 7· \ Cu/CuSO. 

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

RPP-RPT-44463, Rev. 0 

RPP-PLAN-439 I 5, Rev. 0 

,35:0 

~.~ 
DATE: Wb/to TIME: /0:0() TEMP: ......... 34>:= (0'--_ _ pH: 0.55 

ASTM A537 Electrode vs Immersed MPCMS Reference Electrodes 
MPCMS MPCMS MPCM 
AglAgCI Calomel CulCuS4 

ASTMA537 -2:24,. \ - 2.LPCJ.O -3S(·S 9 
Test Electrodes vs. Room TemDerature MPCM S t Re erence Electrodes 

MPCMS MPCMS MPCMS 
AglAgCI Calomel CulCUS04 

ASTMA537 -22.S · \ - 21,OJ.::r -34DA 
MPCMS 

~ - G,·3 A2IAI!CI 
MPCMS - 2. .5 Calomel 
MPCMS + \\::)-\.D CU/CUS04 

est Electrodes vs. Room TemDerature Laboratorv-Grade Reference Electrod T es 
Laboratory Laboratory Laboratory 

Ag/AgCI Calomel CU/CUS04 

ASTMA537 - 2g''1. , - Z(.,(g · 2 -~~Lj.1-
MPCMS 

-(CI . D A2IAI!CI 
MPCMS - \ . ~ Calomel 
MPCMS 

+l:;' ~ CU/CUS04 

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

RPP-PLAN-43915, Rev. 0 

241-AY-IOI Simulant 

DATE: 110[10 TIME: \ : lOb\"!,, 

~\ .'V 
0G> '~ ) 

TEMP: ~ L\\.:' pH: \\.-::r~ 
~ \). 

AAR TCl28 Electrode vs Immersed MPCMS Reference Electrodes 
MPCMS MPCMS MPCM~ 

A2IAeCI Calomel CulCuS( 

AAR TCl28 - l 'iS~ . D - 2. s'\. \ - 28~· '1 9 
T El est d ectro es vs. R oom T emperature MPCMS R ~ e erence El dl ectro es 

MPCMS MPCMS MPCMS 
A2IAeCI Calomel Cu/CuSO. 

AAR TCl28 
~-l7Z...?' -214.5 - 2 ~~ . ;L 

MPCMS 
-\- Cj . ~ Ag/AgCI 

MPCMS 
1- lq. d--Calomel 

MPCMS t- 2.2 Cu/CuSO. 

T est Electrodes vs. Room T emperature L b a oratory- ra e e erence G d R ~ El ectro des 

Laboratory Laboratory LaboratoJry 
A2IAeCI Calomel Cu/CuSO. 

AARTCl28 
-\'~4 . q - 2.\~D - 28'S·te, 

MPCMS Ag/AgCI 
2. & -

MPCMS Calomel 
+2.0 .<\ 

MPCMS +~ . lP 
Cu/CuSO. 

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

RP P-PLAN-43915, Rev. 0 

241-AN-I07 Simulant 

DATE: ~\ loll Q TIME: I'. S b \?"'"' TEMP: 

~v,j 
,.:}I;. . )5 ~\.5 pH: I D . 40. 

4 ,,> 
' v 

ASTM A537 Electrode vs Immersed MPCMS Reference Electrodes 
MPCMS MPCMS MPCMS 
Ag/AgCI Calomel CU/CUS04 

ASTMAS37 - ;2'S\.;l - 2. -:t<1 . I -3v3 ·1 

Test Electrodes vs. Room Temperature MPCMS Reference Electrodes 
MPCMS MPCMS MPCMS 
AglAgCI Calomel CuiCUS04 

ASTMAS37 - .:2 3SA -21-"7·4 - ~4'1 . 0 
MPCMS - lo .u A2IAeCI 
MPCMS 

- 0 . 0 Calomel 
MPCMS + 14·1 Cu/CuSO. 

T est Electrodes vs. Room Temperature Laboratorv- ra e e erence G d R t E lectrod es 
Laboratory Laboratory Laboratory 

Ag/AgCI Calomel CU/CUS04 

ASTMAS37 - 2 4"T_ \ -,;1. '=1-4 ·8 - ~44 . ~ 
MPCMS 

-\q . ;)..-A!!IA!!CI 
MPCMS 

-\- \. ~ Calomel 
MPCMS -\- 1"7 . (,p Cu/CuSO. 

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

RPP-PLAN-439 15, Rev. 0 

241-AY-IOI Simulant 
':::,. 'r5J~ 

~(p .'ji ) , 

-/!v'"l 
DATE: d\ (pI \D TIME: (P'. <;o~ TEMP: ..=:#fi:..u... __ pH: n.3 

4~ 

AAR TC128 Electrode vs Immersed MPCMS Reference Electrodl!s 
MPCMS MPCMS MPCMI 
AeiAeCI Calomel CulCuS( 

AARTC128 -l &-L\ . \ - 2..61'.5 -2.'1 S. a 
T El est d ectro es vs. R oom T em perature MPCMSR f e erence El ectro( es 

MPCMS MPCMS MPCMS 
AeiAeCI Calomel Cu/CuSO. 

AAR TC128 
- \"B. '1 - 2.\lQ . '1 -2~'iI"·Y 

MPCMS +- "1.l.p Ag/AgCl 
MPCMS 
Calomel +21. () 
MPCMS 

+~ . I Cu/CuSO, 

T est Electrodes vs. R oom T emperature L b a oratory- ra e e erence Electrod G d R f 

Laboratory Laboratory Laboratory 
AeiAeCi Calomel Cu/CuSO, 

AARTC128 
- \ '67- 2. - 2.1(.\. '1 - Z '6'2.·S 

MPCMS Ag/AgCl -3·5 
MPCMS Calomel 

+22 .3, 
MPCMS 

t-IZ .8' Cu/CuSO, 

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

RPP-PLAN-439 15, Rev. 0 

241-AN-I07 Simulant 
(tj(g.i) "d'Yv­

'J(g.<1 
DATE: 2- \ LR II D TIME: LP : 50 ):>W"\ TEMP: 4$:> pH: /0. i1 

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

ASTMA537 -d~ ·~ - 2-'61-.£1 -~T?·b 

Test Electrodes vs. Room Temperature MPCMS Reference Electrodes 
MPCMS MPCMS MPCMS 
Ag/AgCI Calomel Co/CuSO. 

ASTMA537 -'2-41.Q - l'iS4-: a.. - sSL..·l 
MPCMS -i-.?:> AelA2CI 
MPCMS 

..j. 2....; Calomel 
MPCMS 

+\l.".! Cu/CuSO. 

T est Electrodes vs. Room Temperature Laboratorv-G rade Reference Electrod 
Laboratory Laboratory Laboratory 

Ag/AgCI Calomel Cu/CuSO. 

ASTMA537 <::l54. 0 - J'iSl.T -Y'{~'T 
MPCMS - dO . &, A!!IAI!CI 
MPCMS 

t~lp Calomel 
MPCMS 

r~'J- . '\ Cu/Cuso. 

This page may be reproduced as necessary 
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241-A Y -101 Simulant 

RPP-RPT-44463, Rev. 0 

RPP-PLAN-43915, Rev. 0 

S>.O}~ 
Of.R 

DATE: $:/0010 TIME:--,K"-'.:ao"",,-__ TEMP: ~51"" • ..>!.3 ___ pH: Jl .~_) __ 

AAR TCl2S Electrode vs Immersed MPCMS Reference Electrod,'s . 
MPCMS MPCMS MPCMS 
A2fAl!.Cl Calomel CulCuSO. 

AARTC128 - \ le1>· b - C1;)J..r -a.&b·1 

Test Electrodes vs. Room Temperature MPCMSR ~ e erence Electrodes 
MPCMS MPCMS MPCMS 
Ag/AgCl Calomel Cu/CuSO. 

AAR TCl28 
- \C01-." - \<1Q·4 - J.i1.~ 

MPCMS + q. '1 Ag/AgCI 
MPCMS +Jd.1-Calomel 
MPCMS 

-\-l c). 7-Cu/CuSO. 

T est Electrodes vs. Room Temperature Laboratory-Grade Re erence Electrod es 

Laboratory Laboratory Laborato.ry 
A2fAl!.Cl Calomel Cu/CuSO. 

AARTCl28 
- nO.to -14r-H - J,loa . ~ 

MPCMS Ag/AgCI 
-~ . lil 

MPCMS Calomel 
+- ~4. 0 

MPCMS t-l'1 .C) 
Cu/CuSO. 

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

RPP-RPT-44463 , Rev. 0 

RPP-PLA N-439 I 5, Rev. 0 

3>O~ 
SI.S 

DATE: (J~IO TIME:----l:l.8':..Q:Qb~ _ _ TEMP: -"51"".,,,,3___ pH: /0 .' . .:..1 \'---_ 

ASTM A537 Electrode vs Immersed MPCMS Reference Electrodes 
MPCMS MPCMS MPCMS 
Ag/AgCI Calomel CuiCUS04 

ASTMA537 - d. ~T· 3 - ;100. D - ~71-· 5 

S ~ Test Electrodes vs. Room TemDerature MPCM Re erence Electrodes 
MPCMS MPCMS MPCMS 
Ag/AgCI Calomel CU/CUS04 

ASTMA537 - ,;/ 41.;L - 2. '8's . \ -355 . .;1. 
MPCMS 

- T ·G A!!IAI!CI 
MPCMS +"\ ., Calomel 
MPCMS 
CU/CUS04 t- 2.1.1 

est Electrodes vs. Room TemDerature Laboratorv-Grade Reference Electrod T es 
Laboratory Laboratory Laboratory 

Ag/AgCI Calomel CU/CUS04 

ASTMA537 - 2-53 ·g -2'iQ . . { - 34lo. ~; 

MPCMS 
- ~o · 9 A!!IA2CI 

MPCMS 
t 5 ·3 Calomel 

MPCMS t- So.(o CU/CUS04 

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

RPP-PLAN-439 15, Rev. 0 

24I-A Y-IOI Simulant (67.0) 

TEMP: 5'5 . ~ 
r-~ \ :y::> . 

TIME: " . '2 S ?""' pH: [/ . 64; 

AAR TCl28 Electrode vs Immersed MPCMS Reference Electrode s 
MPCMS MPCMS MPCMS 
AelA2CI Calomel CulCuSO. 

AAR TCl28 - ~T4·ct - Z;l.5 - Z~· "\ 

T EI est d ectro es vs. R oom T MPCMSR ~ emperature I e erence EI ectrodes 
MPCMS MPCMS MPCMS 
A2/A2Cl Calomel Cu/CuSO, 

AAR TCl28 
~ IlP4. ·4 - ZOG> . '1 - 21-'1 '7-

MPCMS 
Ag/AgCl +1 0 · 0 
MPCMS 
Calomel + J. '\- . ::, 
MPCMS 
Cu/CuSO, + g.'" 

T est Electrodes vs. Room T em perature Laboratory- ra e e erence Electrod G d R ~ 

Laboratory Laboratory Laboratory 
A2/A2CI Calomel Cu/CuSO, 

AARTCl28 
- 2..05.'" - 2=t3 .r." - 11-1'- .0 

MPCMS AglAgCI 
'2.:r 

MPCMS Calomel 
+~S-. LP 

MPCMS + 16 . 0 Cu/Cuso, 

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

RPP-PLAN-4391 5, Rev. 0 

241-AN-I07 Simulant (s 1--Q) 

TEMP: SS · L,-
5& · 1 

DATE: d\?r lID TIME: \', 2. S pH:-.l.Q .45 

ASTM A537 Electrode vs Immersed MPCMS Reference Electrodes 
MPCMS MPCMS MPCMlS 
AglAgCI Calomel CU/CUS04 

ASTMA537 - 2sC; .l" - 2, VDS - ?,qO. (p 

Test Electrodes vs. Room Temoerature MPCMS Reference Electrodes 
MPCMS MPCMS MPCMS 
Ag/AgCI Calomel C U/CUS04 

ASTMA537 -2-'0\ . / -2.C;~ . ~ - -64, t, .:)-

MPCMS - "T . :} Al!/AI!CI 
MPCMS -+ S . ~ Calomel 
MPCMS 
CulCUS04 ~3 · ~ 

T est Electrodes vs. Room Temnerature Laboratorv-Grade Reference EII!ctrod 
Laboratory Laboratory Laboratory 

Ag/AgCI Calomel CU/CUS04 

ASTMA537 2lo2. . ~ - 2Ci O.,J.. -sSt;S 
MPCMS 

- 2D .,}. AI!IAI!CI 
MPCMS +LP .'6 Calomel 
MPCMS -\- 3 b ·o CU/C US04 

This page may be reproduced as necessary 

es 

C-3 Page _ _ _ of _ _ _ _ 

C-27 



RPP-RPT-44463, Rev. 0 

RPP-PLAN-439 I 5, Rev. 0 

241-AY-IOI Sirnu\ant 

DATE: 1 I <(;( \0 TIME: C>~ -2()k\ TEMP: _-"b_C>_'..:...1 _ pH: I \.l.\ 1.. 
h.~-\c.0!.. : bC> 

AAR TCl2S Electrode vs Immersed MPCMS Reference Electrodes 
MPCMS MPCMS MPCMS 
AglA2Cl Calomel CuiCuSO. 

AARTC128 - ~oS . .; ~ Zh L2- - 3\1.1--

T EI est d ectro es vs. R oom T emperature MPCMSR f e erence EI d ectro es 
MPCMS MPCMS MPCMS 
AglA2Cl Calomel CuiCuSO. 

AARTC128 
~ \"\ ; \ 

/ 

-2~'> , '" - ~i/6 b 

MPCMS 
lD ,~ AglAgCl 

MPCMS 
1"-

/ 

Calomel \"' 
MPCMS 

~\ Cu/CuSO. 

T est Electrodes vs. R oom T em perature L b a oratOl)'-G d R f ra e e erence E lectrod es 

Laboratory Laboratory Laboratory 
AglA2CI Calomel Cu/CuSO. 

AARTC128 
- ~ D (" S -1 ;, \ /' ~c.;1 , 1 

MPCMS AglAgCl 
- ~ ,Cfo 

MPCMS Calomel ~ 1 ,,,)4 

MPCMS 
\Ci \ 1<-\ Cu/CuSO. 

This page may be reproduced as necessary. 
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241-AN-I07 Simulant 

RPP-RPT-44463 , Rev. 0 

RPP-PLAN-439 1 5, Rev. 0 

DATE: L IS' I \ G TIME: CP; 2.k K TEMP: {, () . \ pH: rD . >, j 

", .. '00(. ~ "0 
ASTM A537 Electrode vs Immersed MPCMS Reference Electrodes 

MPCMS MPCMS MPCMS 
Ag/AgCI Calomel CuiCuSIO. 

ASTMA537 -2-S L Z- - ~v 1 . S- - '-\ 0 1. <:: 

Test Electrodes vs. Room Temoerature MPCMS Reference Electrodes 
MPCMS MPCMS MPCMS 
AglAgCI Calomel Cu/CuSO. 

ASTMA537 ~ -.2<;" .(' 
.- ·15 . 2-o...~.~, - ':l-1" 2-

MPCMS - b, '\ A!!IAI!CI 
MPCMS 

l , ~ Calomel 
MPCMS 

~:; ,~,Ci Cu/CuSO. 

T est Electrodes vs. Room Temperature Laboratory-Grade Reference Electrod es 
Laboratory Laboratory Laboratory 

Ag/AgCI Calomel Cu/CuSO. 

ASTM A537 - 2C/b. '-\ -lc~C; , l - ~r; l~ . ' 
MPCMS 

' 10, l A!!IAI!CI 
MPCMS q,l Calomel 
MPCMS 

L.\ 6 ,<?; Cu/Cuso. 

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

RPP-PLAN-439 I 5, Rev. 0 

241-AY-lOl Simulant 

DATE: 2.(<:«( 10 TIME: (10 0 0 k\ TEMP: ---'.15..:;£;,-c+.1 __ pH:~.-"'4.(,"'--_ 
~ ,,\ rt , ') r; 

AAR TCl2S Electrode vs Immersed MPCMS Reference Electrodes 
MPCMS MPCMS MPCMS 
AI!/AI!CI Calomel CulCuSO. 

AARTC128 ~2D 7, :S - 2bL. D - '?, i<;{,?, 

Test Electrodes vs. Room Temnerature MPCMS Reference Electrodes 
MPCMS MPCMS MPCMS 
A!!IAI!CI Calomel Cu/CuSO. 

AAR TCl28 
- 2 ~C ){ - 50Cf, b - /4'1-, b 

MPCMS 
Ag/AgCI II . s <) 
MPCMS 
Calomel '2- LJ, L 
MPCMS 
Cu/CuSO. 7 ,2-

T est Electrodes vs. Room Temperature Laboratory-Grade Reference Electrod es 

Laboratory Laboratory Laboratory 
A!!IAI!C1 Calomel Cu/CuSO. 

AARTCl28 
- 2... ~(..J, .; -2q~ to - Z07. I 

MPCMS Ag/AgCI 
- 1. 7 

MPCMS Calomel 
zi.s 

MPCMS 
Cu/CuSO. 1<&. b 

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

RPP-PLAN-43915, Rev. 0 

241-AN-I07 Simulant ($ 4th 'i b " ~i 

DATE: 2/1)/lQ , TIME: 1\ :00 A\!1 TEMP: _r.;O!""- ~O!""~-'.:(I--_ pH:~,2 L( 
~T (Jt t;s-

ASTM AS37 Electrode vs Immersed MPCMS Reference Electrodes 
MPCMS MPCMS MPCMS 
Ag/AgCI Calomel CulCUS04 

ASTMAS37 - 2 4$ .£ - 2Cfb,> - ?:, «(£', \ 

Test Electrodes vs, Room Temperature MPCMS Reference Electrodes 
MPCMS MPCMS MPCMS 
Ag/AgCI Calomel CU/CUS04 

ASTMAS37 - 2. Y(" <, - 2 "iis-, 2- . )(, l ). (, 
MPCMS 

- G",-\ A2IAI!.CI 
MPCMS 

5' , ~ Calomel 
MPCMS 

?, ') () CU/CUS04 

T est Electrodes vs, R oom T emperature Laboratory- ra e e erence G d R f EI ectrod 
Laboratory Laboratory Laboratory 

Ag/AgCl Calomel Cu/CuSO. 

ASTMAS37 - 2~{f, J - 2ST,~ _ 3't<t, lj 
MPCMS 

- 1~, 9" A!!IAI!CI 
MPCMS b. 7 Calomel 
MPCMS 

YG 2-Cu/CuSO. 

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

RPP-PLAN-439 I 5, Rev. 0 

241-A Y-IOI Simulant 

DATE: 1-/ 'b/ lO TIME: 

IA · 51 .l oe 
\?> o--{ V\.. • 

\··:'°Pyvl. TEMP: 51 .4- ~G- pH:lh~ 
sd (L '00 .0 "C 

AAR TCl28 Electrode vs Immersed MPCMS Reference Electrodes 
MPCMS MPCMS MPCMS 
AI!IAI!.CI Calomel CulCuSO. 

AARTC128 -\ ~ '1 .1- -252·CJ -3\ 0 ·4 

Test Electrodes vs. R oom Temperature M PCMS ~ Re erence Electrodes 
MPCMS MPCMS MPCMS 
AglAgCI Calomel Cu/CuSO. 

AARTC128 _ \~~ . 6 _ ZlQ .5 - 30l .4 
MPCMS \\ -q AglAgCI 
MPCMS Z;'L , 3 Calomel 
MPCMS (p . q Cu/CuSO. 

T EI est d ectro es vs. R oom T empera ure a ora ory- ra e e erence t Lb t GdR~ EI t des ec ro 

Laboratory Laboratory Laboratory 
AI!IAI!.CI Calomel Cu/CuSO. 

AARTC128 
-2-'01 .<0 -Z'2.1 .$" - 'Z.'13 . (p 

MPCMS AglAgCI - ~ . 4 
MPCMS Calomel 

1..'0 . (0 
MPCMS 

\~ ,4-Cu/Cuso. 

This page may be reproduced as necessary. 
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241-AN-I07 Simulant 

RPP-RPT-44463, Rev. 0 

RPP-PLAN-439 15, Rev. 0 

o \/\ . <;)\ .t°e.. 
\.? ()- \ "'- . --------

DATE: l..!0/l 0 TIME: \ : ,?Q fr"'- TEMP: S" I .4-' c.. pH: \ O. 2- \ 
')J.'T : SQ·O'v 

ASTM A537 Electrode vs Immersed MPCMS Reference Electrodes 
MPCMS MPCMS MPCMS 
AglAgCI Calomel CulCUS04 

ASTMA537 - 2.\'6,7 - 211 ,'1 - 37'2, S-

T EI est ectrodes vs. R oom T emperature MPCMSR ~ e erence Electrodes 
MPCMS MPCMS MPCMS 
AglAgCI Calomel CU/CUS04 

ASTMA537 - 223,[, - 7...' .( ,"3 - 33'1, "I 
MPCMS - ),,\ AglAgCI 
MPCMS 

'3>. '\ Calomel 
MPCMS 
CU/CUS04 ss·3 

T EI t d est ec ro es vs. R oom T empera ure a ora ory- ra e e erence t Lb t G d R~ EI t des ec ro 
Laboratory Laboratory Laboratory 

Ag/AgCI Calomel CU/CUS04 

ASTMA537 - 23"',2 - 2. ' '' <6 - '330 ,Y 
MPCMS 

li ,"-\ A2fA2CI -
MPCMS ;-, 2-Calomel 
MPCMS 

4Y , \ CU/CUS04 

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

RPP-PLAN-439 15, Rev. 0 

241-AY-IOlSimulant f,~ : 4J.p_ <O~C 
DATE: Z-/0it'O TIME: 3::OOpl'Vt TEMP: 4{o .Q·V pH: l.D -,/je 

~J1: 4$.0°(,-
AAR TCl28 Electrode vs Immersed MPCMS Reference Electrodes 

MPCMS MPCMS MPCMS 
A2IA1!CI Calomel Cu/CuSO. 

AARTCl28 - '2.1e"\ . 4- -3 \~ . 3 - 0T:r.~ 

d Test Electro es vs. R oom T emperature MP M e erence Electrodes C SR ~ 
MPCMS MPCMS MPCMS 
A2IA1!CI Calomel Cu/CuSO. 

AAR TCl28 - '2... 'S4 . ) _ -ZflU . ~ ---3(P5.t'j 
MPCMS 

~l.A-Ag/AgCI 
MPCMS 

'2..-0."" Calomel 
MPCMS lo . G Cu/CuSO. 

T G est Electrodes vs. Room Temperature Laboratorv- rade Reference Electrod es 
Laboratory Laboratory Laboratory 

A!!/A!!CI Calomel Cu/CuSO. 
AARTC128 

-2.V\' ~ - 'lqZ .q - ZY( . ~ 
MPCMS Ag/AgCI 

_O . ~ 

MPCMS Calomel --0 s: ZZ.O 
MPCMS 

L4~ 4-Cu/CuSO. 

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 ~~: 4-1o . <2> 'C-

OATE: 21 gil 0 TIME: '3 : ~ DfV'" TEMP: 4-(g-q 'G pH: \ 0 _ \ 
SJ-T' 4-S .0· C-

ASTM AS37 Electrode vs Immersed MPCMS Reference Electrodes 

g MPCMS MPCMS MPCM 
Ag/AgCI Calomel CulCuSI 

ASTMA537 - 7 ~fJ; .le -s lJ .It? -4-l S 

T tEl t d es ec ro es vs. R oom T t MPCMS R ~ empera ure e erence EI d ectro es 
MPCMS MPCMS MPCMS 
AglAgCI Calomel Cu/CuSO. 

ASTMA537 -l u'B ·) - 3 \0 . \ - ,)ez. 2.-
MPCMS 

-S ·~ AglAgCl 
MPCMS 2,3 Calomel 
MPCMS 30/\ Cu/Cuso. 

T EI est d ectro es vs. R oom T emperature a oratory- ra e e erence L b G d R ~ EI ectro des 
Laboratory Laboratory Laboratory 

AglAgCl Calomel CulCuSO. 

ASTMA537 - 20 1 .. S ~3D6 .s- -3-=t4. Z 
MPCMS 

~\C8-~ Ag/AgCl 
MPCMS 

~. ~ Calomel 
MPCMS 

3~ .0 CU/CuSO. 

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

RPP-PLAN-439 I 5, Rev. 0 

241-AY-101 Simulant ~t4'h- .. 4-\ . (Cr c, 
DATE: ~[BJ 1'0 T1ME: 5 :3'i)~ TEMP: 1\ .":r~ pH: 1[. 3 \ 

::>LJl· 4-0 . .Q.e-
AAR TC128 Electrode vs Immersed MPCMS Reference Electrodes 

MPCMS MPCMS 
Calomel CulCUS04 

AAR TC128 

Test E lectrodes vs. R oom T emperature MPCMS R ~ e erence Electrodes 
MPCMS MPCMS MPCMS 
A~AgCI Calomel CU/CUS04 

AARTC128 
- '2-Qa.) - 3'3~-q .. --4-06." 

MPCMS 
\ 2.. .. <Q Ag/AgCI 

MPCMS t£O.'1" Calomel 
MPCMS 4.<0 ' CU/CUS04 

T est Electrodes vs. Room Temperature Laboratory-Grade Reference Electrod 

Laboratory Laboratory LaboratOiry 
A2IA2CI Calomel CU/CUS04 

AARTC128 - J04. [g /~3\.+ --- :7"1 f. q 
MPCMS Ag/ AgCl _ ~.2. 

MPCMS Calomel \q.'1 
MPCMS \L._<Q CU/CUS04 

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

RPP-PLAN-439 I 5, Rev. 0 

241-AN-I07 Simulant l?>~: M . ~ °0 

DATE: L{CO! ) 0 TIME:5~ '3u r:: TEMP: 4\ ·l°e; pH: to. ~ 
"'StA-i: 4DffG 

ASTM A537 Electrode vs Immersed MPCMS Reference Electrodes 
MPCMS MPCMS MPCMS 
Ag/AgCI Calomel Cu/CuSO. 

ASTMA537 - lqZ. Pl -- :340.5 - 43C( .+ 
T EI est d ectro es vs. R oom T em perature MPCMSR ~ e erence EI d ectro, es 

MPCMS MPCMS MPCMS 
Ag/AgCI Calomel Cu/Cuso. 

ASTMAS37 - 2-"1 V • ( - 3'31 .4 - 4D"l . 5 
MPCMS -- S. 1:J A2/A2CI 
MPCMS 

0·. 'B Calomel 
MPCMS 2:15 .4 Cu/Cuso, 

T d est Electro es vs. R oom T emperature a oratory- ra e e erence Electrod L b G d R ~ es 
Laboratory Laboratory Laboratory 

AglAgCI Calomel Cu/CuSO. 

ASTMAS37 -- 3D£>,4- ~ 7JS'· ~ - 4-00.'1 
MPCMS 

-\CO,&\ AglAgCI 
MPCMS 

'I- • \ Calomel 
MPCMS ';) (P. ~ Cu/Cuso. 

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

RPP-PLAN-439 I 5, Rev. 0 

241-AY-IOI Simulant 3(, . ~ 

DATE: 2!Cj /I b TIME: ~ : 3<;A,\,\ TEMP: _3-",-",-b ,--,,7~ pH: \ I. 2 ';-
s, ') .0 

AAR TCl2S Electrode vs Immersed MPCMS Reference Electrodes 
MPCMS MPCMS MPCMS 
AglA2CI Calomel Cn/CuSO. 

AAR TCl2S - Y·I Cr , b -sq S-, (, - ~ )2. b 
T EI t d est ec ro es vs. R oom T t MPCMSR f empera ure e erence EI t d ec ro es 

MPCMS MPCMS MPCMS 
A2/A2Cl Calomel Cu/CuSO. 

AAR TCl2S 
- 3>:'(;. 2- - 7>16. 2. - L(5"( . 2 

MPCMS 
Ag/AgCI 1'2. , ) 
MPCMS 

( Calomel Ib, 
MPCMS 

OOlt Cn/CnSO. 

T EI est d ectro es vs. R oom T em perature a oratory- ra e e erence L b G d R ~ EI ectro des 

Laboratory Laboratory Laboratory 
AglAgCI Calomel Cn/CuSO. 

AAR TCl2S 
-,)4\7 - )77,~ - '14D . .3', 

MPCMS AglAgCI 
- I. 3 

MPCMS Calomel 
I(,q 

MPCMS 
\1 . 2 Cu/Cuso. 

This page may be reproduced as necessary. 
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241-AN-I07 Simulant 

RPP-RPT-44463, Rev. 0 

RPP-PLAN-439 I 5, Rev. 0 

DATE: ?- {q 1( 0 TIME: "6 . 3C; A (\ TEMP: _ 'S=.:b"",· ,'-1'----_ pH: lO.o1 
'35,0 

ASTM AS37 Electrode vs Immersed MPCMS Reference Electrodes 
MPCMS MPCMS MPCMS 
AglAgCl Calomel Cu/CuSID4 

ASTMAS37 
~ 

- 292 . b - ~<gb , '6 - 2.Yl, ·,3 

T tEl t d es ee ro es vs. R oom T t MPCMS R f empera ure e erenee El eetro es 
MPCMS MPCMS MPCMS 
Ag/AgCl Calomel CU/CUS04 

ASTMAS37 - Z. y<;sS _lL'O . ~ - sU-< \ 
MPCMS 

- (~ , 4 AglAgCl 
MPCMS 
Calomel - 0.0 \ 
MPCMS 
CU/CUS04 l;,'i 

T El est d ectro es vs. R oom T emperature L b a oratory- ra e e erence G d R f El ectro des 
Laboratory Laboratory Laboratory 

Ag/AgCl Calomel CU/CUS04 

ASTMAS37 '}:: .. k 5" ~ 1 
, (. - 2-4/£ . ~ --- 560,7 

MPCMS 
--- 20, S AglAgCl 

MPCMS I,:> Calomel 
MPCMS :::,l{A CU/CUS04 

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

RPP·PLAN·439 l5, Rev. 0 

241-AY-lOI Simulant 

DATE: Uti}) 1'0 TIME: \ \). \ §)a",... TEMP: 

~ 3 . \.)" 0 
AAR TCI28 Electrode vs Immersed MPCMS Reference Electrodes 

MPCMS MPCMS MPCMS 
A2IAgCI Calomel CulCuSO • 

AARTCl28 - 347 ' \ ..-- 2/'1 2 . Co . - 44V! . ~ 

T EI est d ectro es vs. R oom T em perature MPCMSR ~ e erence El ectro( es 
MPCMS MPCMS MPCMS 
A2IAgCI Calomel Cu/Cuso. 

AAR TCl28 334.0 -3-=!f . ~ - 4 S'J.""'1 -

MPCMS 
\ 2.. ,.4-Ag/AgCl 

MPCMS ( it . 0 Calomel 
MPCMS ,- 0 .0 Cu/Cuso. 

T est Electrodes vs. R oom T emperature L b a oratory- ra e e erence G d R f El ectro des 

Laboratory Laboratory Laborato:ry 
Ag/AgCI Calomel Cu/CuSO. 

AARTCl28 
- ') 40 . lQ ~ 3'7-t . L - 44-l . I 

MPCMS Ag/AgCI .. \.'L .L 
MPCMS Calomel 

\ 1.) 
MPCMS 

+~IO,S Cu/CuSO. 

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

RPP-PLAN-439 15, Rev. 0 

241-AN-I07 Simulant 

DATE: L It'[ h 0 , TIME: I 0 ' 2)W TEMP: 34.6 
3:).0 

pH: \0.0 5 

ASTM AS37 Electrode vs Immersed MPCMS Reference Electrodes 
MPCMS MPCMS MPCMIS 
Ag/AgCI Calomel CulCuSO. 

ASTMA537 - L4;4 . '2..- -lVJO .4- -3~L4 

Test Electrodes vs. Room Temperature MPCMS Reference Electrodes 
MPCMS MPCMS MPCMS 
Ag/AgCI Calomel Cu/CuSO. 

ASTMA537 -24<) 3 ,./' 2 ro!.o i.e -ss'O. s-
MPCMS ~ ~. Z-Ag/AgCI 
MPCMS - 0:1 Calomel 
MPCMS 2-0. \ Cu/CuSO. 

T EI est d ectro es vs. R oom T emperature a ora ory- ra e e erence Lb t GdR~ EI ectro des 
Laboratory Laboratory Laboratory 

Ag/AgCI Calomel Cu/CuSO. 

ASTMA537 - 22».4- .- 2.-5l .3 ~34~. (0 

MPCMS .- \6\ .0 AI!IA2CI 
MPCMS O, {J Calomel 
MPCMS 

3 i ,3 Cu/Cuso. 
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RPP-RPT-44463, Rev. 0 

RPP-PLAN-439 I 5, Rev. 0 

241-AY-IOI Simulant 

DATE: 2- [Vi 11 0 TIME: '5 .'00 (I"-- TEMP: ~ Z. ,1-' pH: 

AAR TCl28 Electrode vs Immersed MPCMS Reference Electrodes 
MPCMS MPCMS MPCMS 
AWAI!CI Calomel Cu/CuSO. 

AAR TCl28 - 34~ ·'U - 342- ·0 - 4tB.o 
T El est d ectro es vs. R oom T emperature MPCMSR f e erence E lectrodes 

MPCMS MPCMS MPCMS 
AWAI!Cl Calomel Cu/Cuso. 

AAR TCl28 
·-134- :3 --311.0 - 4¥/·1 

MPCMS \ 2 . \ AglAgCI 
MPCMS \5 .2-Calomel 
MPCMS ---'2-_0 Cu/Cuso. 

T est Electrodes vs. Room T emperature Laboratory-G rade R eference Electrod es 

Laboratory Laboratory Laborato:ry 
AWAI!CI Calomel Cu/CuSO. 

AARTCl28 
-3+l- ·~ - 3'f- 4- A- ·-43·1 .~ 

MPCMS AglAgCl 
- t .4-

MPCMS Calomel Ill .S-
MPCMS 

C( • I Cu/CuSO. 

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

RPP-PLAN-43915, Rev. 0 

241-AN-I07 Simulant 32- -9"c:.... 

DATE: l-/ q 1(0 TIME: '5: I S fVV! , 32- _1°C pH:lQ . 0,3 TEMP: 

T 

/1 1 OOr . t? l - 1../ 

ASTM A537 Electrode vs Immersed MPCMS Reference Electrodes 
MPCMS MPCMS MPCMS 
Ag/AgCl Calomel Cu/CuSO • 

ASTMA537 . ~ LsO· 1 _ 2-q S .fl -"377- .0 

Test Electrodes vs. Room TemDerature MPCMS Reference Electrodes 
MPCMS MPCMS MPCMS 
AglAgCl Calomel Cu/CuSO. 

ASTMA537 -2.5 (.3 ~Z-qL , S- ~ 304 '0 
MPCMS 

~&- ~ A!!IAI!Cl 
MPCMS ---[ .4-Calomel 
MPCMS Q,4 
CulCuSO. 

est Electrodes vs. Room Temperature Laboratory-Grade Reference Electrod 
Laboratory Laboratory Laboratory 

AglAgCl Calomel Cu/CuSO. 

ASTM A537 ~ 1..100 -1 .- 2~~. '1 -34~. ~ 
MPCMS 

-2.0-0 A!!IAI!Cl 
MPCMS .- O. \ Calomel 
MPCMS 

2- \ . ~ Cu/CuSO. 

This page may be reproduced as necessary 

es 

C-3 Page ___ _ of __ _ 

C-43 



RPP-RPT-44463, Rev. 0 

RPP-PLAN-439 l5, Rev. 0 

241-AY-IOI Simulant 3 0. ~'c....-

DATE: 1- II 0) tj .}01>;';'\1.E: '1;30 /AM.. TEMP: 30 . Tt pH: \ ~ . 3 ---
L'1 .0·v 

AAR TCl2S Electrode vs Immersed MPCMS Reference Electrodes 
MPCMS MPCMS MPCMS 
AglA2CI Calomel CulCuSO. 

AARTC128 --[ 02 4- ~3~n .4- - 3&3 . \ 

T EI est d ectro es vs. R oom T t MPCMS R ~ empera ure e erence EI ectrol es 
MPCMS MPCMS MPCMS 
A2/A2CI Calomel Cu/Cuso. 

AARTC128 
-2-:::>0 ,\ - 2.J'\ Z. . \ - 3 t# 5 , {J) 

MPCMS 
1\ . 2.--Ag/AgCI 

MPCMS \4 . 
..., 

Calomel 
MPCMS 

- 3 < l Cu/Cuso. 

T EI est d ectro es vs. R oom T emperature L b a oratory- ra e e erence G d R f EI ectro des 

Laboratory Laboratory Laboratory 
Ag/AgCI Calomel Cu/CuSO. 

AARTC128 
-2113/\ /2Q'\) 0 -34-Q. 'f\ 

MPCMS AglAgCI 
/6 .0 

MPCMS Calomel 
\S > lvB 

MPCMS 
l 2. . I Cu/Cuso. 

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

RPP-PLAN-43915, Rev. 0 

30 "'1 "r 241-AN-I07 Simulant ~ 

j' .I n ' 1 n ./11'1, '" C . (J' I J... 
DATE: L IUU 0 TIME:,] .yvA"""-TEMP: .5 u \' pH:_I __ ' ....:\_-,--l 

Z-C( . O"'C-

ASTM AS37 Electrode ys Immersed MPCMS Reference Electrodes 
MPCMS MPCMS MPCMS 
AglAgCI Calomel CU/CUS04 

ASTMA537 ~ 1..0'"1 . \ ·- 33 /4- -4-t( . Z-

T EI est d ectro es vs. R oom T em perature MPCMSR ~ e erence EI d ectro es 
MPCMS MPCMS MPCMS 
AglAgCI Calomel CU/CUS04 

ASTMAS37 Z-Bq . O - 330. '2..- - 4-'02. I -
MPCMS -0.L'1 AWAgCI 
MPCMS 
Calomel -2- 0 
MPCMS 

+- -f!fjFt-, (p CU/CUS04 

T est Electrodes YS, Room T em~erature L b a oratory- ra e e erence Electrod G d R ~ es 
Laboratory Laboratory Laboratory 

Ag/AgCl Calomel CU/CUS04 

ASTMAS37 ~300) -;/ 2..t/) . ~ - 36 -, _c 
MPCMS 

-1-\ . \ AWAgCl 
MPCMS - 0,"1-Calomel 
MPCMS -~Z.1_1 CU/CUS04 

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

RPP-PLAN-439 I 5, Rev. 0 

2- 0 7 241-AY-IOI Simulant 

DATE: 2--/1 0) (0 TIME: \ ,) j f (Y'- TEMP: lc0. "'l 
2...1 (J0 l.-

pH:~ .1.1' 

AAR TCl28 Electrode vs Immersed MPCMS Reference Electrodes 
MPCMS MPCMS MPCMS 
A~/A~CI Calomel Cu/CuSO. 

AAR TCl28 --l (p') D r-30 3 ~3iC14 .7 
Test E lectrodes vs. R oom T C emperature MP MS Reference Electrodes 

MPCMS MPCMS MPCIVJIS 
AI!/AI!CI Calomel Cu/CuSO. 

AAR TCl28 
-l~ i 0 - Let ") CO -30~ q 

MPCMS 
\ \ . \ AglAgCI 

MPCMS 
\0. S-Calomel 

MPCMS - 3 ~) Cu/Cuso. 

T El est d ectro es vs. R oom T emperature L b a oratory- ra e e erence G d R ~ EI ectro des 

Laboratory Laboratory Laboratory 
A~/AI!CI Calomel Cu/CuSO. 

AAR TCl28 
- L lQ'J . \ .- 2(,\ \ . ~ -3'.)[ S 

MPCMS Ag/AgCI 
~ L .'1-

MPCMS Calomel 
i 4 , L: 

MPCMS 
\0,1 Cu/Cuso. 

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

RPP-PLAN-439 I 5, Rev. 0 

241-AN-I07 Simulant l.-'0 ~ 7-
DATE:1--/ \ oIL 0 TIME: \ : 3S-r--- TEMP: I '6 '}cc, '\.- pH: 

'2.. -:.r .'0 Cc, 
ASTM AS37 Electrode vs Immersed MPCMS Reference Electrodes 

MPCMS MPCMS MPCMS 
AglAgCI Calomel CU/CUS04 

ASTMAS37 - '2..q ~ . (p -~?:> 0 , 3 - '+-1:). ) 

T EI est d ectro es vs. R oom T emperature MPCMSR ~ e erence EI d ectro es 
MPCMS MPCMS MPCMS 
Ag/AgCI Calomel Cu/CuSIO. 

ASTMAS37 - Z-C14 q .- ''3-> 3 r. r t-4 0 8. l) 
MPCMS -& q AI!fAeCI 
MPCMS ~Z ?J Calomel 
MPCMS 

0.S-CU/CUS04 

T est Electrodes vs. R oom T emperature L b a oratory- ra e e erence G d R ~ E lectrod 
Laboratory Laboratory Laboratory 

Ag/AgCI Calomel CU/CUS04 

ASTMAS37 .---3'0 S). / -33 \ .3 ·-3~ \' 5' 
MPCMS 

-LO. l£! AglAgCI 
MPCMS - \.4 Calomel 
MPCMS 

2-0 .1-CU/CUS04 

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

RPP-PLAN-43915, Rev. 0 

241-AY-IOl Simulant 

DATE: 2. .~ 0/ 1'0 TIME: 3 00 (fir. 
Z & . ~ 

TEMP: 2-1=. ~ 
1.- S ,0 

AAR TC128 Electrode vs Immersed MPCMS Reference Electrodes 
MPCMS MPCMS MPCMS 
AI!/AI!CI Calomel . Cu/CuSO, 

AAR TCl28 - 2 0 4 . , - 3/01.7- - 3<t3 . I 
T EI est d ectro es vs. R oom T emperature MPCMSR ~ e erence EI d ectro es 

MPCMS MPCMS MPCMS 
Ag/AgCl Calomel Cu/Cuso. 

AAR TCl28 - zsz. .O -'2.14 ·0 -301 ."2-
MPCMS 

\\ .t.-Ag/AgCI 
MPCMS 

12.. , CCl Calomel 
MPCMS 

-5 . l Cu/CuSO, 

T EI est d ectro es vs. R oom T em perature a oratory- ra e e erence L b G d R ~ EI ectro 

Laboratory Laboratory Laboratory 
Ag/AgCI Calomel Cu/CuSO. 

AAR TCl28 
- 2.VS.3 - zq[ .1 - 353 .. 2-

MPCMS AgI AgCI ---2 .4-
MPCMS Calomel \4- .'L 
MPCMS 

91 . '0 Cu/CuSO. 

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

RPP-PLAN-43915, Rev. 0 

241-AN-I07 Simulant LV; . ~ °c 
DATE: til O/l 0 TlME: .5 : () ~ (fir- TEMP: 7'1- . 0 0 

G pH: '1 . ~ ~ 
2..5 . 0'C. 

ASTM A537 Electrode vs Immersed MPCMS Reference Electrodes 
MPCMS MPCMS MPCMS 
Ag/AgCI Calomel CU/CUS04 

ASTMA537 £.-'07 3 ....... 332 2- - 4-ll 
,- , - v 

T EI t d est ec ro es vs. R oom T t MPCMS R ~ empera ure e erence EI t d ec ro es 
MPCMS MPCMS MPCMS 
Ag/AgCI Calomel CU/CUS04 

ASTMA537 ~ 2'1 1.0 -3'32 q - 4ot, '0 
MPCMS -{o .'1 Ag/AgCI 
MPCMS -3. + Calomel 
MPCMS 

<S,T CU/CUS04 

T EI est d ectro es vs. R oom T emperature L b a oratory- ra e e erence G d R t EI ectro des 
Laboratory Laboratory Laboratory 

Ag/AgCI Calomel CU/CUS04 

ASTMA537 -3c' , L-. \ .- 3Z- BA· - S65. 6 
MPCMS 

-W.5 Ag/AgCI 
MPCMS -L.O Calomel 
MPCMS , q ,$' CU/CUS04 

This page may be reproduced as necessary 
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241 -AY-IOI Simulant 

DATE: z/l \ ri O TIME: 

RPP-RPT-44463, Rev. 0 

RPP-PLA N-439 15, Rev. 0 

2Jil .C1 8 
9 : lOAM. TEMP: l. CO . ]- '0 

1_:?-.0 ce-
AAR TC128 Electrode vs Immersed MPCMS Reference Electrodes 

MPCMS MPCMS MPCMS 
AI!/AI!CI Calomel CU/CUS04 

AAR TC128 '- 2..s ro . Ie c-303, S- -3 (,q l. Z 

T tEl t d es ec ro es vs. R oom T t MPCMS R ~ empera ure e erence E I t d ec ro es 
MPCMS MPCMS MPCMS 
Ag/AgCI Calomel CU/CUS04 

AAR TCl28 
;~ O --- l8 6 . S -3(j [ .OI 

MPCMS 10.5 Ag/AgCI 
MPCMS 

\3 . S-Calomel 
MPCMS 2- -) 
CU/CUS04 .- .. L_ 

T EI est d ectro es vs. R oom T em perature a oratory- ra e e erence L b G d R ~ E I ectro 

Laboratory Laboratory Laboratory 
AI!/AI!C1 Calomel CU/CUS04 

AAR TC128 
.- L~O C'\ -1. g ~ .OJ - :5 4 t'O . '2-

MPCMS Ag/ AgCI 
- 3. CO 

MPCMS Calomel 
\4-.'1 

MPCMS \ \ .4 CU/CUS04 

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

RPP-PLAN-43915, Rev. 0 

241-AN-I07 Simulant L 1Q.~ca 
DATE: 2j \ \) 10 TIME: q: IS fA..v'-" TEMP: L.~ .1-<0 pH: q .. tt:j 4 

'2-7- 0·(/ 
ASTM A537 Electrode vs Immersed MPCMS Reference Electrodes 

MPCMS MPCMS MPCMS 
Ag/AgCI Calomel Cu/CuSO. 

ASTMA537 - 2 'f4-.'D - 3[0.4- - Ylgq 

T EI est d ectro es vs. R oom T em perature MPCMSR ~ e erence EI d ectro es 
MPCMS MPCMS MPCMS 
Ag/AgCI Calomel Cu/Cuso. 

ASTMA537 -'2.-1--:r :0 -3[Q.J _ ?:,Q l - ~ 
MPCMS 

-~ .q AIl/AIlCI 
MPCMS - 'l. .1--Calomel 
MPCMS 

~-le Cu/Cuso. 

T EI t d est ec ro es vs. R oom T empera ure a ora ory- ra e e erence t Lb t GdR~ EI ectro des 
Laboratory Laboratory Laboratory 

Ag/AgCI Calomel Cu/CuSO. 

ASTMA537 -2--40 2.- -3lS .Q -31~' !o 
MPCMS 

-2\ -3 AIl/AIlCI 
MPCMS 

- \ . -3 Calomel 
MPCMS 

'LO . C Cu/Cuso. 

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

RPP-PLAN-439IS , Rev. 0 

241-A Y -101 Simulant '~O , &"1 
3 0:1 
7'1 nOr 

DATE: 2./1 11 ~ 0 TIME: \ I . ')~, fJ~TEMP: . " q 
pH:JL.,:....:: U"-_ ( 

- ~ ....... '-" 

AAR TC128 E lectrode vs Immersed MPCMS Reference Electrodes 
MPCMS MPCMS MPCMS 
Al!/AI!CI Calomel Cu/CuSO. 

AAR TCl28 ·- ZSCf,1) -- 3 O<\- .~ - 3&2 -<) 

T EI est d ectro es vs. R oom T em perature MPCMSR ~ e erence EI d ectro es 
MPCMS MPCMS MPCMS 
A2IAgCI Calomel Cu/CuSO. 

AARTC128 .- 241 .:S' .- 2...t'f/\ct -30,2-
MPCMS 

10 -<;' Ag/AgCI 
MPCMS 14. 3 Calomel 
MPCMS 

\ . -Cu/CuSO. --
T est Electrodes vs. R oom T emperature L b a oratory- ra e e erence G d R ~ EI ectro des 

Laboratory Laboratory Laboratory 
Ag/AgCI Calomel Cu/CuSO. 

AAR TCl28 
-'2-(0 \ .2- -2 ~l-.~ - 34'1 'r 

MPCMS AglAgCI 
- ~. $ 

MPCMS Calomel 
\S , (p 

MPCMS 
\ \ ,4· Cu/CuSO. 
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RPP-RPT-44463, Rev. 0 

RPP-PLAN-4391 5, Rev. 0 

241-AN-I07 Simulant ~O . 1-
DATE: 'LIlt /t 0 TIME: (j ·.Lt'O f"rv'. TEMP: 50, 1" pH: \ O. 0 ~ 

L 0) -0 'c/ 
ASTM A537 Electrode vs Immersed MPCMS Reference Electrodes 

MPCMS MPCMS MPCMS 
Ag/AgCI Calomel CU/CUS04 

ASTMA537 -2~?~ - 3, \3 '1- .- 30) 3.4 

T EI est d ectro es vs. R oom T emperature MPCMSR ~ c erence EI d cctro es 
MPCMS MPCMS MPCMS 
Ag/AgCI Calomel CU/CUS04 

ASTMA537 ~~<t ' ·S- ~3 \ 2~ - 3'GS.r 
MPCMS -1 · \ A2IA2CI 
MPCMS - \ / 1 Calomel 
MPCMS r. g CU/CUS04 

T est Electrodes vs. Room T emperature Laboratory- ra e e erence G d R ~ E lectro 
Laboratory Laboratory Laboratory 

Ag/AgCI Calomel CU/CUS04 

ASTMA537 L'" 4 .- ' '(, .) ~ ''' OJ '2---j V . - 21'-1 1.\ 
MPCMS 

~LO ,1 A2/A2CI 
MPCMS - 0,5 Calomel 
MPCMS 

LG .Co CU/CUS04 

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

RPP·PLAN·439 15, Rev. 0 

24I-A Y-IO) Simulant '3 2- . '1' c...-
DATE: Ylc/lO TIME: 2.. :00 fY""- TEMP: 32. . C{J 'C pH: \ \ .pS 

~\ . \) o c, 

AAR TCl2S Electrode vs Immersed MPCMS Reference Electrodes 
MPCMS MPCMS MPCMS 
Ae:/Ae:CI Calomel Cu/CuSO. 

AAR TCl2S - L-U U . iJ .- 3D(£; . S - -3~f 4 

T tEl t d es ec ro es vs. R oom T t MPCMS R ~ empera ure e erence EI d ectro es 
MPCMS MPCMS MPCMS 
Ag/AgCI Calomel Cu/CuSO. 

AAR TCl2S 
- z.A--s 4 _ 2 l ;lG .4 - 3 lu j ~ 

MPCMS 
\ \ .0 Ag/AgCI 

MPCMS 
\S 0 Calomel 

MPCMS o .., 
Cu/Cuso. '. L... 

T EI est d ectro es vs. R oom T emperature L b a oratory- ra e e erence G d R ~ EI ectro des 

Laboratory Laboratory Laboratory 
Ag/AgCI Calomel Cu/CuSO. 

AARTCl2S 
- L0 \ -3 ~L.-0 'O. ;- <» \. 4-

MPCMS AglAgCI 
- l }1 

MPCMS Calomel 
\ la 4-

MPCMS 
i 2-·4 Cu/Cuso. 
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RPP-RPT-44463, Rev. 0 

RPP-PLAN-43915 , Rev. 0 

241-AN-I07 Simulant 32... 1
uc 

DATE: 2j( 1/ \ 0 TIME: 20 S f(Yv TEMP: ~3:::.::L=----=l,~·_ pH: 10 01 

T 

3 ! O'c 
ASTM A537 Electrode vs Immersed MPCMS Reference Electrodes 

MPCMS MPCMS 
Ag/AgCl Calomel 

ASTMA537 ·- ;2 (0 0 f - "S ,-n '"1 

MPCMI LJ 
jJ 

Cu/CuS' 

- '30'6 

Test Electrodes vs. Room TemDerature MPCMS Reference Electrodes 
MPCMS MPCMS MPCMlS 
Ag/AgCI Calomel Cu/CuSO. 

ASTMA537 - L 0+,'1 - 7:>..)0,1- o Yi 3 -- ()' ~ I 

MPCMlS --r . \ AI!/AI!CI 
MPCMS - \ /2_ Calomel 
MPCMS 

B '1 Cu/CuSO. 

est Electrodes vs. Room Temperature Laboratory-Grade Reference Electrod 
Laboratory Laboratory Laboratory 

Ag/AgCI Calomel Cu/CuSO. 

ASTMI A537 -~1 ·i·O - 7-,'0 '?) , \ - :?u 5~S 
MPCMS .-"Z.. 0 _c, 
AI!/AI!CI 
MPCMS 0 .1-Calomel 
MPCMS 2 @.q Cu/CuSO. , 

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

RPP-PLAN-43915 , Rev. 0 

241-AY-IOI Simulant 

DATE:V Z../ II / I GrIME: S:: fV ..... 
34 .'1~/G 

TEMP: 34 '6 <G pH: i \ . Of) 

33 \...-°G 
AAR TCl28 Electrode vs Immersed MPCMS Reference Electrodes 

MPCMS MPCMS MPCIV 
Ag/AgCI Calomel Cu/CuS' 

AAR TC128 ~2ttl -3162..- -39 0 

[] 
~ 

T EI est d ectro es vs. R oom T emperature MPCMSR ~ e erence EI d ectro es 
MPCMS MPCMS MPCMS 
AIl/Aj(CI Calomel CU/CUS04 

AAR TCl28 
- Zf:I1 3 - 0301,4 -374- B 

MPCMS 
I C ·. i.o Ag/AgCI 

MPCMS 15/) Calomel 
MPCMS 0.2-CU/CUS04 

T est Electrodes vs. Room T emperature Laboratory-G rade Reference EDectrod 

Laboratory Laboratory Laboratory 
AIl/AIlCI Calomel CU/CUS04 

AAR TCl28 
.- 2:'-:1 2- .4- - Z"1 q (f -3&3 ,,} 

MPCMS Ag/AgCI 
"'--2-. -5 

MPCMS Calomel 11-.3 
MPCMS 

ii , S· CU/CUS04 
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RPP-RPT-44463, Rev. 0 

RPP-P LAN-439 15, Rev. 0 

241-AN-I07 Simulant 3>4" b 'C.-
DATE: L! II ) ) 0 TIME: S 4 0 i t '"'- TEMP: 34 -B"" pH:~i). 03 

T 

]:3 D'G 
ASTM A537 Electrode vs Immersed MPCMS Reference Electrodles 

MPCMS MPCMS 
Ag/AgCl Calomel 

ASTMA537 .- Z5 (. I(j ..--- 2. oz t/ f-

MPCM 
Cu/CuS 

- 3"8 ( _ 
LJ 
~ 

Test Electrodes vs. Room Temnerature MPCMS Reference Electrodes 
MPCMS MPCMS MPCMlS 
Ag/AgCl Calomel CU/CUS04 

ASTMA537 .- 2- 55, Cr - "2.-Qr- f - OT0, I 
MPCMS 

--1-· 1 Al!/AI!Cl 
MPCMS 

'" 0 -4 Calomel 
MPCMS 10 . r-CU/CUS04 

est Electrodes vs. Room Temperature Laboratory-Grade Reference Ellectrod 
Laboratory Laboratory Laboratory 

Ag/AgCl Calomel CU/CUS04 

ASTMA537 - 'Z.. Gr 2..- -"2.°/'3.4 ~ 351-'+ 
MPCMS 

.- 1.. 0 . L\ AI!/AI!CI 
MPCMS 0/1 Calomel 
MPCMS 

2.\ ,'r CU/CUS04 

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

RPP-PLAN-43915 , Rev. 0 

241-AY-tOI Simulant '. ( " . . 
. ./ \.V 

DATE: L/ ILI [ 0 TIME:
C

( 25 i\M TEMP: S V ' ~I pH: I () . C1GJ 
"3 '5 O"C 

AAR TCl28 Electrode vs Immersed MPCMS Reference Electrodles 
MPCMS MPCMS MPCMlS 
A!!/A2CI Calomel Cu/CuSO. 

AAR TCl28 - 2TJ-' '6 - 3Z4. ~ ~ 3"7<'1 G 

Test Electro es vs. d R oom T emperature MPCMSR t e erence EI ectrOldes 
MPCMS MPCMS MPCMlS 
Ae/A2CI Calomel Cu/CuSO. 

AAR TCl28 
- "L-l.v 4 A 3G0 - '3 71 (p '- 2-

MPCMS to,:;-Ag/AgCI 
MPCMS 

\ 0 ~ Calomel 
MPCMS 

~ l . Z-Cu/Cuso. 

T est Electrodes vs. Room Temperature Laboratorv-G rade Reference Ellectrod es 

Laboratory Laboratory Laboratory 
A2/A!!CI Calomel Cu/CuSO. 

AAR TCl28 
- .L 1°\ ~ -?O:L S - 3&b. \ 

MPCMS Ag/ AgCI - 3 ,(;1 
MPCMS Calomel 

\ ~ - S 
MPCMS \ ~ '1 
Cu/Cuso. \..." T 
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RPP-RPT-44463, Rev. 0 

RPP-PLAN-439 15 , Rev. 0 

241-AN-I07 Simulant '""-\& . e., ··c 
DATE: Z)'L/ /O TIME: Cf · SJ /JI/V\. TEMP: ":5&;'0-(. pH: )O 07-

I 

~ 'SJ" c. 
ASTM A537 Electrode vs Immersed MPCMS Reference Electrodes 

MPCMS MPCMS MPCMS 
AgfAgCl Calomel CUfCUS04 

ASTM A537 -2l ),~ 2-7'2, -
- '--' r ::> 

'7, <..;"" ..., - '- ~ . .:.-' 

T El est d ectro es vs. R oom T em perature MPCMSR ~ e erence El d ectro es 
MPCMS MPCMS MPCMS 
AgfAgCl Calomel CUfCUS04 

ASTMA537 2 LS q -2 {£/"/. "1 '""'1 " .1 - - , t... 
MPCMS -i- . t AgfAgCl 

MPCMS 
.-l.,U3 Calomel 

MPCMS 
l I ,·r CUfCUS04 

T El est d ectro es vs. R oom T em perature L b a oratorv-G rade R ~ e erence Electrod es 
Laboratory Laboratory Laboratory 

AgfAgCl Calomel CUfCUS04 

ASTMA537 L. 4 0 --- -'L~7 '3 -34-6 0 { - \ 
MPCMS 

~ z... I . '3 AgfAgCl 
MPCMS ~ 

Calomel \ . 0 
MPCMS 

"7? S--
CUfCUS04 L. ~' .. 

This page may be reproduced as necessary 

C-3 Page __ _ of _ _ _ _ 

C-59 



RPP-RPT-44463, Rev. 0 

RPP-PLAN-439 15 , Rev . 0 

241-AY-IOI Simulant c..\-l c-Yc. 
DATE: H (L. j') TIME: \"7 ~0c) VV"'- TEMP: 4 \ ,C/C pH: \L-,-~ -=-\_ 

J _n u" r-
\ \.J • '-"" 

AAR TC128 Electrode vs Immersed MPCMS Reference Electrodes 

g MPCMS MPCMS MPCM 
AI!/AI!Cl Calomel Cu/CuS 

AAR TC128 ~ "' -.J('I' • . , . 
L , .... _ :/ ~ 

, 

T El est d ectro es vs, R oom T emperature MPC S R t M e erence El ectrodes 
MPCMS MPCMS MPCMlS 
Ae:/A\!Cl Calomel Cu/CuSO. 

AARTC128 
- Z0J 0 1 -302. L ~37-) 7-

MPCMS 
&1 • c3 Ag/AgCl 

MPCMS 
184 Calomel 

MPCMS 

O· to Cu/CuSO. 

T est Electrodes vs, Room Temperature Laboratorv-G rade Reference Electrod es 

Laboratory Laboratory Laboratory 
AI!/A"CI Calomel Cu/CuSO. 

AARTC128 
---273 0] - 30D,S-- --3Gc.J- (; 

MPCMS Ag/ AgCl ~. --4--, { 
MPCMS Calomel 

'2° 2-
MPCMS 

I j .7 Cu/Cuso. 
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RPP-RPT-44463, Rev. 0 

RPP-PLAN-43915 , Rev. 0 

241-AN-I07 Simulant 

DATE: 2 iru\ O T1ME: \ [ ' 'O \:\f'VV' TEMP: LH &'e. 
~O . 1Y L 

pH: 

ASTM A537 Electrode vs Immersed MPCMS Reference Electrodes 
MPCMS MPCMS MPClVJlS 
Ag/AgCI Calomel CU/CUS04 

ASTMA537 - ZZ-i . \ - Z7 ( 4 -3S 3 Q 

T EI est d ectro es vs. R oom T emperature MPCMSR ~ e erence EI d ectro es 
MPCMS MPCMS MPCMS 
AglAgCI Calomel CU/CUS04 

ASTM A537 - 22 'S· ({; - i- &!7 . ~ - ?4 0 , I 
MPCMS -1 . <; Ag/AgCl 
MPCMS .r-

Calomel ! . ~ 
MPCMS 14 . 7-
CU/CUS04 2.,5 .Q 

T est Electrodes vs. R oom T emperature L b a oratorv- ra e e erence G d R ~ Ell ectro des 
Laboratory Laboratory Laboratory 

AglAgCI Calomel CU/CUS04 

ASTMA537 - L37 (p - Z- i..e3 9- .., <")'1 \ .- J L . 

MPCMS 
Ag/AgCI - '2.. \ q 
MPCMS 

7.... Dfi)i Calomel 
MPCMS ·1ifR2.5·1 CU/CUS04 -
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RPP-RPT-44463, Rev. 0 

RPP-PLAN-43915, Rev. 0 

241-AY-lOl Simulant 

DATE: I I it-/l u TIME: 'E ~ ' 1) ' ~ < It' TEMP: 

AAR TC12S Electrode vs Immersed MPCMS Reference Electrodes 
MPCMS MPCMS MPCM 
Ae/AeCI Calomel Cu/CuS 

AAR TCl2S ~ Z "11 l 
• I • ., 

l.; - '~.( "i - 1- a 
T tEl t d es ec ro es vs. R oom T t MPCMS R ~ empera ure e erence EI t d ec ro es 

MPCMS MPCMS MPCM[S 
Ag/AgCI Calomel CU/CUS04 

AAR TCl2S 
~ +.::. "" / - 1 C . c-l .~ :-;6t .:; .- __ V· - '- , .-

MPCMS 
l -

Ag/AgCI -
MPCMS + L- .,'l Calomel 
MPCMS C-
CU/CUS04 "/ . it) 

T EI est d ectro es vs. R oom T emperature L b a oratory- ra e e erence G d R ~ Ell ectro des 

Laboratory Laboratory Laboratory 
Ae/AeCI Calomel CU/CUS04 

AAR TCl2S - . ~ ~ -)4 . .") 
'- C" I.. G.<. -1 - '-"" '- -- . L..- - --, 

MPCMS Ag/ AgCI 4 1.. 
MPCMS Calomel /") ·7 

,_ e..- .L. 

MPCMS I :: . [P CU/CUS04 
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RPP-RPT-44463 , Rev. 0 

RPP-PLA N-439 15, Rev. 0 

241-AN-I07 Simulant 

DATE: . / \1 / ( 

T 

ASTM A537 Electrode vs Immersed MPCMS Reference Electrodes 
MPCMS 
Ag/AgCI 

ASTMA537 , r . , l , 

MPCMS 
Calomel 

,'-'7j; 2:. . I 

MPCM 
Cu/CuS' 

"'/ cc7 -- ...)0 

o 
iJ 

Test Electrodes vs. Room TemDerature MPCM SR eference Electrodes 
MPCMS MPCMS MPCMS 
Ag/AgCI Calomel CU/CUS04 

ASTMA537 .., " .. ( I :2 c:.: ') l,; 
. .., ,~ . - I 

-- • I .- .- . 1 · ~ 'C . 
MPCMS 

- '1 ~ 7 AI!J'AI!CI 
MPCMS 

"7, \ Calomel .. 
MPCMS r y J.-, ~ 

CU/CUS04 u · I 

est Electrodes vs. Room TemDerature Laboratorv-Grade Reference Electrod 
Laboratory Laboratory Laboratory 

Ag/AgCI Calomel CU/CUS04 

ASTMA537 ~ G \ ..., , , ~ '-? - ~Lu ~ _ . . __ Y . v 
~ 

MPCMS 7 
AI!/AI!CI - ~ I , L 

MPCMS -to ~~ Calomel 
MPCMS /"'!.) ~ 
CU/CUS04 f..-. iJ . U 
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RPP-RPT-44463, Rev. 0 

RPP-PLAN-439 15, Rev. 0 

241-A Y -101 Simulant 

DATE: " 11-& /l-u TIME: ~ j '-.l {\.v-.. TEMP: "l \ _ G pH:_I!...I!....:.... =....'1_'1 _ 

c'JGCC 
AAR TCl2S Electrode vs Immersed MPCMS Reference Electrodles 

MPCMS MPCMS 
AI!/AI!CI Calomel 

AAR TCl2S ·- 2 l-4 a't - Z ....,,; l C 

MPCM 
Cu/CuS 

- ~ \ ( . 
LJ :u 

T tEl t d es ec ro es vs. R oom T emperature MPCMSR ~ e erence EI d ectro es 
MPCMS MPCMS MPCMS 
Ag/AgCI Calomel Cu/CuSO. 

AAR TCl2S 
I ?1 ~ 

. ..,~ 1 C< .:/1 -' . - '-' -L- . ~ ") u V' 

MPCMS q .L/ Ag/AgCI 
MPCMS /7 ..-, e Calomel (., L . 

MPCMS 
\ r. 

CU/CUS04 ' '-

T EI est d ectro es vs. R oom T emperature L b a oratory- ra e e erence G d R f EI ectro des 

Laboratory Laboratory Laboratory 
Ag/AgCI Calomel CU/CUS04 

AAR TCl2S 
~ \.)~ '1 

" .....,...., T - -=- ':1':1 . '--- . ' . ' - ~ I -
MPCMS Ag/ AgCI -- 4 :-( 
MPCMS Calomel 

(..'-\-. \ 
MPCMS Ie -Y) Cu/Cuso. 
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RPP-RPT-44463, Rev. 0 

RPP-PLAN-43915 , Rev. 0 

241-AN-I07 Simulant ") / C}'t 

DATE: 41 ':, Il l.; TIME: S 4-)1 ,V\. TEMP: ") I WaC pH: \ (,2 \ 
------=-

_ . :::. c( 

ASTM A537 Electrode vs Immersed MPCMS Reference Electrodes 
MPCMS MPCMS MPCM 
Ag/AgCI Calomel CU/CUSI 

ASTMA537 -- 2:17-· ') - Z(L> -:; 6 - -;; ) '"' .. ~ 8 
T tEl t d es ec ro es vs. R oom T t MPCMSR ~ empera ure e erence EI t d ec ro es 

MPCMS MPCMS MPCMS 
Ag/AgCI Calomel CU/CUS04 

ASTMA537 'I -1 - L \ '1 ,_ .Y 1. I '7 ") Q \ '- .) ,J . 

MPCMS 
-~ f...c, . 1 Ag/AgCI 

MPCMS -+4-Calomel 
MPCMS .:_ i J .. 
CU/CUS04 

T EI est d ectro es vs. R oom T emperature L b a oratory- ra e e erence G d R ~ EI ectro des 
Laboratory Laboratory Laboratory 

Ag/AgCI C~I~me\ CU/CUS04 

- ?- L:. -t. . L-
- L--' ., . I , 

- ~l 7- ''1 ASTMA537 ...., l~ ,.., ' f4 -I-
..- "..-- ( - ...... '1 '-- J - .. -

MPCMS ~'2 (" 4-Ag/AgCI 
MPCMS 

5.€ Calomel 
MPCMS -
CU/CUS04 ""\ u~ , 
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RPP·RPT·44463, Rev. 0 

RPP·PLAN·439 15, Rev . 0 

. . , - - ( .. r - ......, 241·A Y·101 Simulant 

DATE: L{ I ~ /1 c.. TIME: \ C ') '-) f\n TEMP: _' . ....c' V,,-' --'.~_' v""· ::.... pH: (\ ('6 

AAR TC128 Electrode vs Immersed MPCMS Reference Electrodes 

AARTC128 -

T EI est d ectro es vs. R 

AAR TC128 

MPCMS 
AglAgCI 
MPCMS 
Calomel 
MPCMS 
Cu/Cuso. 

MPCMS MPCMS 
Au/AgCl Calomel 

\ \ S - ' I -- '---"- . ~ 

MPCM 
Cu/CuS 

.- ....." I . -
LJ tJ 

oom T emperature MPCMSR ~ e erence EI d ectro es 
MPCMS MPCMS MPCMS 
Ag/AgCI Calomel Cu/CuSO. 

-:::*+. t \1.0 ' - . ~ 
fJ_ , 

-~ ....... ,. .' 

~-+ " L. . T 

.'7 0 t.-

T EI est d ectro es vs. R oom T t empera ure L b t a ora ory· ra e e erence G d R ~ EI t des ec ro 

Laboratory Laboratory Laboratory 
Ag/AgCI Calomel Cu/CuSO. 

AARTC128 
-:....\\,2 l '- +<- q 'G-(;; - S-.- -

MPCMS AglAgCI --_ c) , ) 

MPCMS Calomel .-_ /) 1 
~ . 

MPCMS 
\ L. 0 Cu/Cuso. 

This page may be reproduced as necessary. 

C-2 Page _ _ _ of ___ _ 



RPP-RPT-44463, Rev. 0 

RPP-PLAN-439 I 5, Rev. 0 

241-AN-I07 Simulant j? U ~.../ 

DATE: '1 111 I I (, TIME: ! 1'0 (!.\'-... TEMP: , 0 . .J 0 pH: \ G, 21, 

T 

~ ~ , " ":'~ 
.\ ~~ . v G 

ASTM A537 Electrode vs Immersed MPCMS Reference Electrodles 
MPCMS 
Ag/AgCI 

ASTMA537 - '"L ,_ l B -

MPCMS 
Calomel 

.--, - .::.:.-- (. v 

MPCl\1 
Cu/CuS 

-..,' , - . v-

LJ 
jJ 

Test Electro es vs. d R oom T emperature MPCM SR~ e erence E lectrodes 
MPCMS MPCMS MPCMS 
Ag/AgCI Calomel CU/CUS04 

ASTMA537 - --:. ~ .r:: ,+ .~ ~ ,.., 1 :;.;. 
- ~ uV· v - . -) . ..,,,, U 

MPCMS 
- (? r A21AI!CI 

MPCMS .. 
I Calomel 0 , 

MPCMS 
r> + -4-CU/CUS04 ...-- ' . 

est Electrodes vs. Room Temperature Laboratorv-Grade Reference Electrod 
Laboratory Laboratory Laboratory 

Ag/AgCI Calomel CU/CUS04 

ASTMA537 - .'" ~ .;/ .- -.., - ~ ""/ \-- ) ~0 ,-')., :::l - ,It- " - ' . 
MPCMS 

- <""~ [J 1-Ai!/AI!CI 
MPCMS 1 , ---Calomel \ 

MPCMS .'1 .~ 4-
CU/CUS04 

., . 1 .. 
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RPP-RPT-44463, Rev. 0 

RPP-PLAN-439 15, Rev . 0 

241-AY-IOI Simulant G ( cue 

DATE: Lin Jj L TIME: \1 ~ ~ fill TEMP: ---,,--'. _( _L_~ _t _ pH: 
f ( ,,o r. 
IU l L, ~ 

AAR TCl28 Electrode vs Immersed MPCMS Reference E lectrodles 
MPCMS MPCMS 
AI!/AI!CI Calomel 

AAR TC128 -til--=- ~ -;::"11 LI -

MPCIVi 
Cu/CuS 9 TI ~ ,-

L. 

T EI est d ectro es vs. R oom T em perature MPCMSR f e erence EI d ectro es 
MPCMS MPCMS MPCMS 
A2/A2CI Calomel CU/CUS,04 

AAR TC128 
- ,0 '1 .., , .--::... ..., .~ .~ 

- '- .......... v" -i-~ "';-, L../ . _ " ,--1 

MPCMS 
'l .L Ag/AgCI 

MPCMS 
lit, G Calomel 

MPCMS G 
" 

CU/CUS04 

T E est lectro d cs vs. Room T emperaturc L b a oratory-G rade Re erence EI ectro des 

Laboratory Laboratory Laboratory 
A2/A2CI Calomel CU/CUS04 

AARTCl28 - __ =-'Z ~ .- =- ~I -~I\ . (ft LI 

MPCMS Ag/AgCI .., 
- G .. ') 

MPCMS Calomel L + ,&1 
MPCMS i ') . . J CU/CUS04 
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RPP-RPT-44463, Rev. 0 

RPP-PLAN-439 15, Rev. 0 

241-AN-I07 Simulant G l C "(. 

DATE: 2..! \ ~ / I iJ TIME: \ l..~ · e l'-- TEMP: ut . Z"( 
I 

ASTM A537 Electrode vs Immersed MPCMS Reference Electrodes 
MPCMS MPCMS MPCMlS 
Ag/AgCI Calomel Cn/CnS04 

ASTMA537 I- ':, ' - / ~ L '1 ? Sri. ~ - ./, '1 C.·I C 

T E est lectrodes vs. R oom T emperatnre MPCMSR £ e erence EI d ectro es 
MPCMS MPCMS MPCMlS 
Ag/AgCl Calomel Cn/CnSO. 

ASTMA537 ~ i ?> 0 . @ , 71 . C ., \: I . - ." • l, 

MPCMS . .:; 
Ag/AgCI - l2. ~ 

MPCMS 
'1 Calomel 

v . 
U 

MPCMS '20 G Cn/CnS04 

T EI est d ectro es vs. R oom T emperatnre a ora ory- ra e e erence Lb t GdR~ EI t des ec ro 
Laboratory Laboratory Laboratory 

Ag/AgCI Calomel Cn/CnSO. 

ASTMA537 ( 4 'G 0:; - 2 -l ~ , L - 34 /.4 
MPCMS 
AglAgCI - ~_G . ~ , 
MPCMS 

~ I ' \ Calomel 
MPCMS '1~ S-
Cn/CnS04 ) 1 - . 
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RPP-RPT-44463, Rev. 0 

RPP-PLAN-43915, Rev . 0 

241-AY-IOI Simulant <)~ . €It,'fc 

DA TE: ( / I 4/1 TIME: &) ',-, ~ "f1t'. TEMP: . J (? . "7 ~ ''-pH: \ () - '6 C 
",. ( ( ( 

. "'; " J '-- '--

AAR TCl2S Electrode vs Immersed MPCMS Reference Electrodes 

AAR TCl2S 

T EI est d ectro es vs. 

AAR TCl2S 

MPCMS 
Ag/AgCI 
MPCMS 
Calomel 
MPCMS 
Cu/Cuso. 

MPCMS MPCMS 
Ag/AgCI Calomel 

\ 1 0;::) - 2.4.) ·6 

MPCM 
Cu/CuS 

-;'0 0 

D 
~ 

R oom T emperature MPCMSR ~ e erence EI d ectro es 
MPCMS MPCMS MPCMlS 
Ae/AeCI Calomel Cu/CuSO. 

1 7~, 
, 

~c' G ,4- t'. ~t 2) • }-- ~ -

l0 - (( 
.., i . \ 

~ 

~. 

- 4 .(,;, 

T EI t d est ec ro es vs. R oom T empera ure a ora ory- ra e e erence t Lb t GdRf EI t des ec ro 

Laboratory Laboratory Laboratory 
Ae/AeCI Calomel Cu/CuSO. 

AAR TCl2S 
.- \ ./l l . --::r -<-- \0,t-t ~~tj\_. ~ /0 - \ 

MPCMS Ag/AgCI 
~ G2 - -) . 

MPCMS Calomel 
L~ ·0 

MPCMS 
"' . 4-Cu/CuSO. 
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RPP-RPT-44463, Rev. 0 

RPP-PLAN-439 15, Rev. 0 

241-AN-I07 Simulant 

DATE: ; 1I9/l u TIME: "I 
i 

, J I 
pH: I li '--' \ 

'))L - c.. 

ASTM A537 Electrode vs Immersed MPCMS Reference Electrodes 
MPCMS MPCMS 
Ag/AgCI Calomel 

ASTMA537 '-L.- :1,0: "7 ::: 'O ~ "I -

MPCM 
Cu/CuS 

.-, ::r' 
- . ) ( 1-. 

LJ 
~ 

T EI est d ectro es vs. R oom T emperature MPCMSR ~ e erence EI d ectro es 
MPCMS MPCMS MPCMS 
Ag/AgCI Calomel CU/CUS04 

-=-..:j V 
, 

--- ;:;; - ~ -<f · ~ ASTM A537 .- - - _ ~ l \ - , 

MPCMS 
- l,: , I Ag/AgCI 

MPCMS -4- vI Calomel 
MPCMS ./1 ..., ·J1 CU/CUS04 '- . ' 

T EI est d ectro es vs. R oom T emperature L b a oratory- ra e e crence G d R ~ EI d s ectro e 
Laboratory Laboratory Laboratory 

Ag/AgCI Calomel CU/CUS04 

ASTM A537 -::::-;::.-+ -, "-:J ~ G ~~ 4.f-. ~ .- - '-' . 

MPCMS 
-:'0 ,4 Ag/AgCI 

MPCMS . , 
Calomel u . -) 

MPCMS 
')\ , ~ CU/CUS04 
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RPP-RPT-44463, Rev. 0 

RPP-PLAN-43915, Rev . 0 

24l-A V-lOl Simulant ., = L -L.. 

DATE: ( li d It iJ TIME: 1\·: ~ l ("'\' TEMP: '"1 I T"':'" pH: ~£ \ G/6 S 
I ' 

-S l. l / 'C 
AAR TCl2S Electrode vs Immersed MPCMS Reference Electrodes 

MPCMS MPCMS MPCM 
Ag/AgCI Calomel Cu/CuS 

AAR TCl2S -\'6~A 
..., . , i ~ '7 . . .... .- .:-- . ,) , - ~ u ~ 

T EI est d ectro es vs. R oom T emperature MPCMSR £ e erence EI d ectro es 
MPCMS MPCMS MPCMS 
Ag/AgCI Calomel Cu/CuSO. 

AAR TCl2S n G. \ - '~ i \ \?J -l ® £" .- ) 

MPCMS 
\0 ~1 AgfAgCI 

MPCMS 
" .-"]. 

Calomel - - , 

MPCMS - '7 : -1 Cu/Cuso. 

T est Electrodes vs. R oom Temperature Laboratory-G rade Re erence Electrod es 

Laboratory Laboratory Laboratory 
Ag/AgCI Calomel Cu/CuSO. 

AAR TCl2S 
- \-G-f.\ - ::. 0 -1 .61 -~1- &' '::?, 

MPCMS Agf AgCI 
" -- ......... . 1 

MPCMS Calomel 
2+, \ 

MPCMS 
L. 5 Cu/Cuso. 
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RPP-RPT-44463, Rev, 0 

RPP-PLA N-43915, Rev, 0 

241-AN-107 Simulant 

/ I SL 
DATE: "2 I q l).J TIME:....:.\ ...::\J'----'_"Yc.:..:... !..:,/tr-_ TEMP: _':-1---,--1 ---'--__ pH:il . I ~ 

ASTM A537 Electrode vs Immersed MPCMS Reference Electrodes 
MPCMS MPCMS MPCM 
Ag/AgCI Calomel Cu/CuS 

ASTMA537 ~ ~ '1 ._ '2-e . ~ -
~ 

~~64 ~' -, - !.- , .., ~ ~ 04 

.. ) 

Test Electro es vs. d R oom T emperature MPCMSR t e erence EI d ectro es 
MPCMS MPCMS MPCMIS 
Ag/AgCI Calomel CU/CUS04 

ASTMA537 - .-::1' "J '-~ '7 G , --j .-:; --l C; - I L,.. . " ').". ........... - , i....,... . 

MPCMS ---) ~ 1 A2/A2CI ~ 

MPCMS 
:"?' . w Calomel 

MPCMS , <.1 ,~ , 
CU/CUS04 _ \..J 

T est Electrodes vs. Room Temperature Laboratorv-G rade Reference Electrod es 
Laboratory Laboratory Laboratory 

Ag/AgCI Calomel CU/CUS04 

ASTMA537 +1-' ,...- I...- - . c....,... - ~, G; 
,-- ' 1~, ,- - -:-z,--;. 1 , 1 

MPCMS 
~ ,- -') 

A2/A2CI - _ v . -
MPCMS 
Calomel -1- -'I 
MPCMS 

" ,::, "';)1 
CU/CUS04 _ J ., I 
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RPP-RPT-44463 , Rev. 0 

RPP-PLAN-439l 5, Rev. 0 

241-AY-lOl Simulant 4 .i/ C 

DATE: '7 Ii 411 0 TiME: \ 2' )u f ''- TEMP: --....!..._. _~.:...o_\..._ pH: 1 (.; .. 

T 

+-) v"( 
AAR TCl2S Electrode vs Immersed MPCMS Reference Electrodes 

MPCMS 
A2IAe:CI 

AAR TCl28 \ '1 'I t/ .-- \ ' . ). 

MPCMS 
Calomel 

. ,.., - 'i 

r:.... L ) . c--

MPCM 
Cu/CuSt 

- 2 06 
D 
~ 

Test Electrodes vs. R oom T emperature MP M e erence Electrodes C S R ~ 

MPCMS MPCMS MPCMS 
A2IAe:CI Calomel Cu/CuSO" 

AARTC128 I/(;0 '-1 - '-' I .- 29&.8 ,- - ~ (..,,-' . 
MPCMS (\ , <\ Ag/AgCI 
MPCMS 

CC- . 1-Calomel 
MPCMS 

~ I S-
..., 

Cu/CuSO" <--

est Electrodes vs. Room Temperature Laboratorv-G rade Reference EI{,ctrod 

Laboratory Laboratory Laboratory 
A!!/A!!CI Calomel Cu/CuSO" 

AAR TCl28 11 \ . .:.., ! 0 1 .4- '- & -::-- - (/ 
MPCMS Ag/AgCI 

- 2..:1 
MPCMS Calomel 

21-. \ 
MPCMS .- "2 .\ Cu/CuSO. 
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RPP-RPT-44463, Rev. 0 

RPP-PLAN-43915, Rev. 0 

241-AN-I07 Simulant 4'1 ~G 'c 
DATE: L /I I/ IG TlMEI2 & C \? IV"I TEMP: 4lt .WC PH:~ .. ~4 , 

L\ ,S.C c 
ASTM A537 Electrode vs Immersed MPCMS Reference Electrodes 

MPCMS MPCMS MPCM 
AglAgCI Calomel CulCuS4 

ASTMA537 '"7 '7 1 0- -?7 (y .3 - 3.s r ~ L L . v E 
T EI est d ectro es vs. R oom T emperature MPCMSR t e erence Electrodes 

MPCMS MPCMS MPCMS 
Ag/AgCI Calomel Cu/CuSO. 

ASTMA537 - L'30 .'1 -Zi A 0 - ~41 . ~ 
MPCMS t;.r AglAgCI 
MPCMS \ , °1 Calomel 
MPCMS 

11· 1v Cu/Cuso. 

T est Electrodes vs. Room Temperature Laboratory-G rade Reference Eh~ctrod es 
Laboratory Laboratory Laboratory 

Ag/AgCI Calomel CU/CUS04 

ASTMA537 
< 2J[ L I .- 2&'6. \ ··) ~) \ Z 

~ 

MPCMS 
- I '" t AglAgCI 

MPCMS ] . 'l Calomel 
MPCMS 

L S_ \ Cu/Cuso. 
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RPP-RPT-44463, Rev. 0 

RPP-PLAN-439 15, Rev. 0 

241-A Y -101 Simulant L\_~" C\ 't./ 
DATE: ' /15/1:'- TlME: '1 ·.Lb'II'I · TEMP: 4-L:"\ 

1 
pH: 

.' l ' 0 
AAR TCl2S Electrode vs Immersed MPCMS Reference Electrodes 

MPCMS MPCMS MPCMS 
AIl/AIlCI Calomel Cu/CuSO. 

AAR TCl2S - /7) '5 - 2 Z 'i, r -2 71. 1 

T EI est d ectro es vs. R oom T emperature MPCMSR ~ e erence EI d ectro es 
MPCMS MPCMS MPCMS 
AI!/AIlCI Calomel Cu/CuSO. 

AAR TCl2S 
- I C - '~ ~ 2 f" ') .;- - 27"1."i 

MPCMS 
Ag/AgCI \ I: , r,. 

MPCMS 
\ (& • I Calomel 

MPCMS 
. C" I~· Cu/CuSO. 

T EI est d ectro es vs. R oom T empera ure a ora ory- ra e e erence t Lb t G d R~ EI t des ec ro 

Laboratory Laboratory Laborat:ory 
AIl/AIlCI Calomel Cu/CuSO. 

AAR TCl2S 
2c j, I - 2 7S, 7 - 177,<;; 

MPCMS Ag/AgCI - ~ \ 

MPCMS Calomel 
i c· . L..-

MPCMS 
I. L/ Cu/CuSO. 
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RPP-RPT-44463, Rev. 0 

RPP-PLAN-43915 , Rev. 0 

241-AN-I07 Simulant 

TIME: 'i '. 2 <)" TEMP: '0\ \ .:' .. . pH:_",-""-,-",,,--_ 

L\ L'" ) U c 

ASTM A537 Electrode vs Immersed MPCMS Reference Electrodes 
MPCMS MPCMS MPCMS 
Ag/AgCI Calomel Cu/CuSO. 

ASTMA537 -2 c '- <f, _2.;2 .~ :'22, G 

T tEl t d es ec ro es vs. R oom T t MPCMS R ~ empera ure e erence EI d ectro es 
MPCMS MPCMS MPCMS 
Ag/AgCI Calomel Cu/CuSO. 

ASTMA537 ), <:;:" u ;l{C(<)" 32 2 ; ... '- - I 

MPCMS 
(. , 1-Ag/AgCI 

MPCMS 
C . 7 Calomel 

MPCMS 
If . i Cu/CuSO. 

T EI est d ectro es vs. R oom T em perature L b a oratory- ra e e erence G d R ~ Ell ectro des 
Laboratory Laboratory Laboratory 

Ag/AgCI Calomel Cu/CuSO. 

ASTMA537 )/r ,!., 1 'I(, . L ~I r" "' 
MPCMS 2 C' .. !..> Ag/AgCI 
MPCMS 
Calomel I 2 
MPCMS I I, I Cu/Cuso. 
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RPP-RPT-44463 , Rev. 0 

RPP-PLAN-439 I 6, Rev. 0 

241-AY-IOI Simulant 

Initial (Back of Electrodes Dry) 

DATE: {J 16(p.o1D TIME: 11'-,3 () TEMP: ~sfd..LR pH:~ IS' 
.;;lS":o 

_ V1 4 ."1 

Immersed 

Immersed AAR TCl28 and Secondary Electrodes vs. 
Immersed MPCMS Reference Electrodes 

'(lj. MPCMS MPCMS MPCMS 
Ag/AgCI Calomel Cu/CuSO. 

AAR TC128 - I( /\(.1, • Zog., ~~'" 

Cu Secondary .--;;;-; ~ -~~."1 - ?:,tiT., 
Ni Secondarv I-- ~. D - z...\1.-. S - '?, ()(p • :r-
AI! Secondarv -"l3..\ -ZA~ . o -1"'4. 0 

\V'-O 
- 2.."'tO. "Z 

Test Electrodes vs. Room Temperature MPCMS Reference EI,~ctrodes 

MPCMS MPCMS MPCMS s~ooth 
Ag/AgCI Calomel Cu/CuSO. 

AAR TCl28 - I t.,?'( n -~. -:r - 2.'H.. 0 ~~ 
Cu Secondary -?"(( •.. ~ -"1,2.'1 . ~ -2.'($. S a.~ 
Ni Secondary - 20\.~ -2-"11.", -3, .. .,. (, €l.5-,+ 
AI! Secondarv -15 .{; -lu.·'5 -( "15·0 -~ 

MPCMS A2IAe.Cl 19.1- X MPCMS Calomel -I- <:,.0 
MPCMS Cu/CuSO. -1-.S 

t 2.~.8" 
- '?"l.). 
~~2.LP.O 
lOS. D 

Immersed T est Electrodes vs. Room Temperature Laboratory-Grade Referen< :e Electrodes 
Laboratory Laboratory Laboratory 

Ag/AgCl Calomel CulCuSO. 
AARTC128 - l::j-"?. - '2.o1.::r - 71..Pl. (p 
Cu Secondary -'Vie. IQ _'2......,~ . ~ - 2 .. .(:;L 0 
Ni Secondary ~;:L2. Z. -z:, - ~'tl.. X' -"l,l~. \ 
Ag Secondary - ti c-. <'J - V:4A . 1,,' - VD .. o 
MPr-u" <\l!!AI!Cl _ ..... _.I."' .... ...,. C'1I. ~ "2 . ,;;, 
MPCMS Calomel I ~~ f7 
MPCMS Cu/CuSO. h t=-:, 
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RPP-RPT-44463 , Rev. 0 

RPP-PLAN-439 16, Rev. 0 

241-AN-I07 Simulant 

Initial (Back of Electrodes Dry) 

DATE: ~1 S-l4a1{) TiME: It: 6D TEMP: as-1 ;lH pH: 10.Ut­

cl.S'- 0 

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

MPCMS MPCMS MPCMS 
Ag/AgCI Calomel CulCuSO. 

ASTMA537 -l-=lO ./ ~.3.\ 1.. S ~ Slnfd 
Cu Secondary -M(·5 -~~T.d- rlb.1<> 
Ni Secondary -J.:q~.1p ~?:.4't ·5 r-t:.. 2. ""I 
AI! Secondary - L <:, e,.J-. ~?"i~.-r <- t'i(. ~ 

Immersed Test EI d ectro es vs. R oom T em perature MP CMSR ~ e erence Electrodes 
MPCMS MPCMS MPCMS ~"t:I 
Ag/AgCI Calomel Cu/CuSO. -=:~~ 

ASTMA537 - 2-=l-4A -1,\~ '2. -:S~~· f ~~-IS'1 
Cu Secondary -~~.'1 -'2.i"&,.~ -4~.<. -!~ 
Ni Secondary ~t>2·1 ~4L\-4 - "",<'.4- """%:-0-AI! Secondary - l'''' · S -z.c,~'2. - '1-:::p.l. t.2 "4.1> 

[YI\V] 

/1 
>\ 

I-

MPCMS AI!! AI!CI -~.c:.. X MPCMS Calomel - '2.. c:.. 
MPCMS CulCuSO. -4~qS -7 

Immersed T est Electrodes vs. Room Temperature Laboratory-G d f ra eRe ereD( :e Electrodes 
Laboratory Laboratory Laboratory 

Ag/AgCI Calomel Cu/CuSO. fjl\vj 
ASTMA537 - lK~.5 -<'11 .1) ~"2,W. D 

Cu Secondary ~tSI'5, S ~~:},1' -.!!'<;I.~ 

Ni Secondary -~l> t,. - ~'t2, . 0 -<\l 1. .1$ 
Ag Secondary - 1f;7e< ~ -l«t'l, , - ).e"S 
MPCMS A2fA2Cl -l"'!-.R 
MPCMS Calomel - \.~ 
MPCMS Cu/CuSO. ~~o'1 ·b* 
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RPP-RPT-44463 , Rev. 0 

RPP-PLAN-439 16, Rev. 0 

241-AY-IOI Simulant 

Wetted With Water 

DATE: ~6S?i)lOIO TIME: a:.3S" TEMP: ----"'&rz.>(o"'--__ pH: ID. S",-,"~,--> _ 

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

MPCMS MPCMS MPCMS 
Ag/AgCI Calomel CulCuS04 

Immersed Test Electrodes VS. Room Temperature MPCMS Reference Electrodes.. 
MPCMS MPCMS MPCMS S~ Ag/AgCI Calomel CU/CUS04 

AAR TCl28 -r1Is -ms -</(Xl i -d.~ . (s, 

Cu Secondary -OU·q -~'i\".3 -399Cl - ISI.t.j 
Ni Secondary -1.j!'3. q _u7!\.<O .<::"lJlJ. I -(;isI>.o 

Ag Secondary - ~l.'-I -~4~ .O -lJlri. () -,.~ MPCMS Ag/AgCI -JO~(P 1...:.44 . ! -
MPCMS Calomel -JK.O 12§(.·lL 
MPCMS CulCuS04 -r·n- tClI'l~ 

Immersed T EI est d ectro es vs. R oom T emperature L aboratory-G rade Referen ce Electrodes 
Laboratory Laboratory Laboratory 

Ag/AgCI Calomel CU/CUS04 
AARTCl28 - ;W.Cl -olJLI. "r LL -.!/>. , 

Cu Secondary - :0,00. ? -L/70,s- ~~ 
Ni Secondary . r.H'r.'! oL.:oo - s.>f. ~1. '1 
AI: Secondary -:<n?1 -.~~.(.j -Lid'! . ..., 
l\"..PCMS AglAgCl -Jos.~ 
MPCMS Calomel -31).(0 

MPCMS CU/CUS04 - ]. .00 
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RPP-RPT-44463, Rev. 0 

RPP-PLAN-439 I 6, Rev. 0 

241-AN-I07 Simulant 
Wo.,e.~ 

Wetted With Waste Simulant ~~\~ 
DATE: ~ID TlME: .... C)."".8S'UL _ _ TEMP: a3.8' pH:~~O __ 

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

MPCMS MPCMS MPCMS 
AglAgCI CulCUS04 

ASTM AS37 .CD 
Cu Seconda 
Ni Seconda 
Ag Seconda 

.0 

Immersed Test Electrodes vs. Room Tern erature MPCMS Reference EI·ectrodes 
MPCMS MPCMS MPCMS 
Ag/AgCI 

MPCMS Calomel 
MPCMS CU/CUS04 

Immersed Test Electrodes vs. Room Tern erature Laborator -Grade Reference Electrodes 
Laboratory Laboratory 

Calomel CU/CUS04 

ASTMAS37 ~- . t 
- i.R .1-

MPCMS CU/CUS04 
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RPP-RPT-44463, Rev. 0 

RPP-PLAN-4391 6, Rev. 0 

241-AY-IOI Simulant cMe.-.'{\ ~ Wc....tv<. 

Wetted With Foam Component Liquid ~LR ."1) 
. , 

DATE: 8-1 s= 1(D TIME: S'AOPM TEMP: p.w> .q 
.Qs-;.o 

Immersed AAR TCl2S and Secondary Electrodes vs. 
Immersed MPCMS Reference Electrodes 

MPCMS MPCMS MPCMS 
AglAgCI Calomel CuiCuSO. 

AAR TCl2S - \';)8 ·1- - 2.12·3. - 1'1<' . .;l 
Cu Secondary -~gD·'8 - 2,~A.q - ';<..<;.1-
Ni Secondary -l~ . ~ - :l.<t::l .1 - 11"t.>.'j' 
Ag Secondary - \;}'?' ·do - I jlL. . .;t - I D"T. D 

Immersed Test Electrodes vs. Room Temperature MPCMS Reference Electrodes 
MPCMS MPCMS MPCMS 

S,h.a..th AglAgCI Calomel CU/CUS04 
AAR TCl2S - 1(P3.·+ - '2-OS.f - 2."'1-6".':)' i-IT·T 
Cu Secondary - '2.~ .o - ~2~.<l. - Q..q",.~ -ID4.;I, 
Ni Secondary - doD~-5 - ::J.~ .. t -~A,.4 - ~'2.0 
Ag Secondary - I '2.'T .D - \ t..'l .9 - 2. Q., ~ .'i' ~L'D. -; 
MPCMS AiU AIlCI - 4 ·t.> 
MPCMS Calomel T-V . & ,;l~ 
MPCMS CuiCUS04 ~1>,3.c L) . D~ 

\12,. (, 

~I·O 

*' l'\Jl..edsh> 
b e. c..leo.,,~ 

:':lhe.Rt- c:. ;r. 
Immersed T est Electrodes vs. Room Temperature Laboratorv-Grade Referen( ~e Electrodes 

Laboratory Laboratory Laboratory 
Ag/AgCI Calomel Cu/CuSO. 

AAR TCl2S -11-T.1 - 2.05.0 - 2. ':/'S. =! 
Cu Secondary - 2-'11' .1- - ?'~"4 . 1 - Q." Q"4. (" 
Ni Secondary - ~2.7,.O - 2t..O. 'B' -2.l2.",.a 

Ag Secondary - I~~ · B - \!,,2 . 0 - ~d-4 . 0 
l\1PCl\-IS Ag! Agel - \'& .u 
MPCMS Calomel ~ 8.~ 

MPCMS CU/CUS04 -ISD.U> 
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RPP-RPT-44463 , Rev. 0 

RPP-PLAN-439 I 6, Rev. 0 

241-AN-I07 Simulant ~ c.fJtaAL~ 

Wetted 'llith F61Uii Compoiieiit Liquid (~ ~. 'I) 
DATE: al6lio TIME: 5:~':lpl'!) TEMP: d lo .5 pH: I D. S ~ 

~'S,O 

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

MPCMS MPCMS MPCMS 
Ag/AgCI Calomel CulCuSO. 

ASTMA537 - ?>I t/J . I - "3,6l1·~ - 4~·(" 
Cu Secondary - -zA1·q - 'l,g 2.l - <{-7,2'T 
Ni Secondary - ~2.'5.'ii' - ~",.4 -4 1 ~. '1 
AI! Secondary - 2'11.4 - ~'1\. 7 -"&'1>'2 ·+ 

Immersed Test Electrodes vs. Room Temoerature MPCMS Reference El,ectrodes 
MPCMS MPCMS MPCMS --
Ag/AgCI Calomel Cu/CuSO. $~ 

ASTMA537 - "2.14 .C, - ~(p().fp -4":l,.b . O - 11.12.. :l-
Cu Secondary - ~='5 . T - 'l,8.'7· f - 45(" ·(,, --- 16'1-'1 
Ni Secondary - "- '2A . ~ -..,..,.. .£i -440. 5 -:~~ . o 
Ag Secondary - ).,,"'.0 - '.!,;LD.'1 - 4 D1...o . .;t - 12'1·8 
MPCMS Asii AI(CI - ~.1- -t I "2. t;,. "i 
MPCMS Calomel - ~.q () . "Cil 
MPCMS CulCuSO. -..:l4 .Q H T 4 'r 

Immersed T est Electrodes vs. Room Temoerature Laboratorv-Grade Refereo, :e Electrodes 
Laboratory Laboratory Laboratory 

Ag/AgCI Calomel Cu/CuSO. 
ASTMA537 - "2.<.\ . 5 - g'5"i . 1 -q)'K. '6 
Cu Secondary -~r.8 - '2.6(,. 1 -4<;:.~.o 
Ni Secondary - ~4\. I - 'l.l.Q'\'.4 - 4~'l.~ 
AI! Secondary - !2..0t.> . 7 -.:<.5 .1 - 4- DIJ.A 
ll ... nrolt. ... c \,w,'\i!Cl l.1'LC\.....U'.l.1:l rt .t!o. - 1"'·5 
MPCMS Calomel - 1- ' ''t 
MPCMS Cu/CuSO. - :l;:; .1-
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24l-A Y-IOl Simulant 

RPP-RPT-44463, Rev. 0 

RPP-PLAN-439 16, Rev. 0 

Back of Electrodes Dry after W u. -ItA2. ~ 'L1 . 6) 

DATE: 21l1' Il 0 TIME: ~ ',S':> a."" TEMP: _ ..",'l""1 ..:..:.o:::...· __ pH: l2. .6OL 
:;t r;;.D 

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

MPCMS MPCMS MPCMS 
AglAgCI Calomel CulCuSO. 

AARTC128 - \ lA . 2. - '2.\2..0 - ~T!"T 

Cu Secondary - 2-~q . o -;?-."7 .S - 'l,'iq .4 
Ni Secondary - 2..00. 2. -JAr .1> - .!oo T· (" 
Ag Secondary -1(6 · ~ - 1\.J 2. · \- - '2..'2..& · 4 

Imm d T EI erse est ectro d es vs. R oom T cmperature MPCMSR ~ e erence Electro des 
MPCMS MPCMS MPCMS Electrode 
AglAgCI Calomel Cu/CuSO. Housing 

AARTC128 _11..#0 . "\ - '2-02 . ~ - ~74 ·3 -35 . .3 
Cu Secondary - '2.'6'CA - ~2.'i'·3 - q, Q'1. & _ ,Ol.O • 'T-
Ni Secondary -\<14 . ( - 2.3(,· 2 - ~D7-.3 - :;D. I 
Ag Secondary - I \ Vi - \S$.$ _ {;).~:D \- :'\.J . ( 
MPCMS AglAgCI t 2. ·5 "\l'l . ~-

MPCMS Calomel \-~·5 +-- \ ~ ':f-. f 
MPCMS CulCuSO. - \ .l,p t-~~S 

Immersed T d est Electro es vs. R oom T em perature L b a oratory- ra e e eren G d R ~ ce Electrodes 
Laboratory Laboratory Laboratory 

AglAgCI Calomel Cu/CuSO. 
AARTC128 -\T~ . 1- - 2{,D.'1 - UA .,9. 
Cu Secondary - 2.'11,.3 - '?-,2JJ.~ - 'l.,,,\S. ~ 
Ni Secondary - ~lY:> . -, - 22,2, ·5 - -;DI .4, 
Ag Secondary - \ 23, .:? -\':>1 .'1 - ;J-\q,o 
MPCMS AglAgCI - 4·4 
MPCMS Calomel -t "i . =1 
MPCMS CulCuSO. -\"!, · 4 

This page may be reproduced as necessary 
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241-AN-I07 Simulant 

RPP-RPT-44463 , Rev. 0 

RPP-PLAN-43916, Rev. 0 

Back of Electrodes Dry after \tJ(A%& 

DATE: 2 110/ (0 TIME: 8: 3S c.0'!) TEMP: a. 1-.0 
)5,0 

pH: l D. to~ 

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

MPCMS MPCMS MPCMS 
AglAgCI Calomel CuiCuS04 

ASTMA537 - n'i·lt> - ~ ~'t. 1 -4-3' "1-
Cu Secondary - ~"Ilj. q - ·YiO.D -4<t'T.5 
Ni Secondary - 2-1"7.0 - 2-lD(·4 -'2,1'1.1 
Ag Secondary - 2.\~. (, - :2. .... 2. . ~ - ~2-0' 1-

Imm d T EI erse est ectro d es vs. R oom T emperature MPCMSR eference Electro des 
MPCMS MPCMS MPCMS Electrode 
AglAgCI Calomel CuiCuS04 H . bl ousmg 

ASTMA537 - '2;,-=j.s, -~~~.t.. -4S-O·:; - 2.0~ . (p 
Cu Secondary - :3S3 .0 - ~'\5.'t - 4t.lt· 'I -~ (H. 

Ni Secondary -224·S - ~t..'l - ~~&".I - =i-u."'1' 
Ag Secondary - 2.2.5.1.> - ~r.1.> - 'l,'b8'.8 - -:f-5 . 0 
MPCMS AglAgCI - &. ~ f- %o . ~ 

MPCMS Calomel -S . 'if t- t 4"<-1; 
MPCMS CuiCuS04 -lvA t-ISt.'l 

Immersed T d est Electro es vs. R oom T emperature L b a oratory- ra e e eren G d R f ce Electrodes 
Laboratory Laboratory Laboratory 

AglAgCI Calomel CU/CUS04 
ASTMA537 -~Sl).'l- -:>:r8·5 - 4414.4 
Cu Secondary - "?::out. ·D - ~'::;4 . 1 - .deL. 2...+ 
Ni Secondary - 'Z-? r . "2- - :2.L.'5·5 - ~1l,?.S 
Ag Secondary - 2.~D.! - 2~O.\ - ~Vi".O 
MPCMS AglAgCI - 2..0 . ~ 

MPCMS Calomel - 4. . It> 
MPCMS CulCUS04 - (l. 5 

This page may be reproduced as necessary 
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241-AY-IOI Simulant 

RPP-RPT-44463, Rev. 0 

RPP-PLAN-439 16, Rev. 0 

Wetted With Waste Simulant (~ .'1) 
~.c, 

DATE : 2-\ \.9 1! Ii TIME: cr'.:! 5 TEMP: 2.5· \) pH: 1\· qS 

Immersed AAR TCl28 and Secondary Electrodes vs. 
Immersed MPCMS Reference Electrodes 

MPCMS MPCMS MPCMS 
Ag/AgCI Calomel CulCuSO. 

AARTC128 -;~~ -Ml. ~ -4{0?'" 
Cu Secondary - 22.4.R - 5<\\\ ·1 - gIl. 5 
Ni Secondary - 1.,=,\ <1 .10 -LA I· 2. - "t~\ . lo 
Ag Secondary - Yt"":l- . "2, - l.t (P 'Z,. 1- " 

Imm d T EI erse est ectro d es vs. R oom T em perature e erence Jectr MPCMS R ~ E' odes 
MPCMS MPCMS MPCMS Electrode 
Ag/AgCI Calomel CulCUS04 Housiing 

AAR TC128 - :}40.(" -~~~ . =1 -'105.1 --=t40 . ~ 
Cu Secondary - 1.3>"i .2 - IQ9.2..~ - :rS4. \ -tRI2 ·,. 
Ni Secondary - -:7<68-(0 - 'B2.'l -t:jo:?.1( - -:}2.\.'" 
Ag Secondary -~. 2. - \4):' . ~ - X':l-'l ·5 --=Hq.4-
MPCMS Ag/AgCI -411· 2 - g,"is · \ 
MPCMS Calomel - \1...t... . ~ - -=to. \ 
MPCI\1S CulCUS04 -4?2.(P - S'T.t-

Immersed T est Electrodes vs. Room Temperature Laboratory-Grade Referelll ce Electrodes 
Laboratory Laboratory Laboratory 

Ag/AgCI Calomel CulCUS04 
AARTC128 -1b"t .1- -RS:S .4 -QO"S.3 
Cu Secondary -In'L . 1 - 1.&2...1- - ":/-c, '2. . Ie> 
Ni Secondary --~-;\~ - -~i2 . 5 -<;/)"2 .4 
Ag Secondary -~1D. '1 - xDl. '2. - glO · ~ 
MPCMS Ag/Ae:CI - 4\'i(' ~ 
MPCMS Calomel - \1,3· 3, 
MPCMS CulCUS04 --Wi. 4 

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

RPP-PLAN-4391 6, Rev. 0 

241-AN-I07 Simulant 

Wetted With Waste Simulant ('2.LD.'1 ) 
DATE: TIME: C/', 4 S TEMP: _ 2.::-L.--::'_1 __ pH:-!.I_O_._C ..... ) _ 

~S.D 

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

MPCMS MPCMS MPCMS 
AglAgCI Calomel CulCuS04 

ASTMAS37 - c,ol. '"T - f)40.1" - SA-. \ 
Cu Secondary -~-:}\ · 8 - 4\\·v) - ~g~ . "t 
Ni Secondary - '?:,'1"1I . (p -4?LRA - 4\t,·3 
Ag Secondary - "':1 S-,;J.... - 4'55·0 - 4:SI 'T 

Imm d T tEl t d erse es ec ro es vs. R oom T empera ure e erence t MPCMSR t EI ectro des 
MPCMS MPCMS MPCMS Electrode 
AglAgCI Calomel CulCUS04 Housing 

ASTMAS37 -4i:t;.J - SJ.4.g - fA /."f -402. .1-
Cu Secondary - ~1A.s -404.(" -04 72.·(" - z~.rl. 

Ni Secondary - g~=t.s - 42-'1.8' - "l'1S·/P -41b ·J. 
Ag Secondary -404.Q - 445.0 - 612..·5 - ~ '1'6 . .4 
MPCMS AglAgCI - 1I .(p I~.v 
MPCMS Calomel - Ilj ·b iSl,q· ~ 
MPCMS CulCuS04 - IOt, . '6 - 32.·S 

Immersed T EI est d ectro es vs. R oom T empera ure a ora ory- ra e e erenc t Lb t GdR~ e Electrodes 
Laboratory Laboratory Laboratory 

AglAgCI Calomel CulCuS04 
ASTMAS37 - 4'15.0 - SZ-I. :2- -5n·1 
Cu Secondary - ~;:rS. 8 - 4 0 2. ."1 - 4u'1·D 
Ni Secondary - 7,'1l!" . (., - 425.'1 - -4'1). 'i;' 
Ag Secondary_ - 46·1 - 44'2. ."1 - 50 g. t.. 
MPCMS AglAgCI - 2..~ .o 
MPCMS Calomel -\2. . :r 
MPCMS CU/CUS04 - '1'1 .5 

This page may be reproduced as necessary 
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241-A V-IOI Simulant 

RPP-RPT-44463, Rev. 0 

RPP-PLAN-439 I 6, Rev. 0 

Back of Electrodes Dry after \~ S-u. 

\ c ST 
\W.AS\(\J D0 ~ j 

-\-a..4n iW\rvJot..~ ojtP­
iO~\lilj Into tt'<:.-\: 

DATE: ':\d\j*~=--__ TIME: \ \ '.J, S-"m TEMP: _____ pH:_____ cA. 

Imm 

9-1 f91 \'0 

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

MPCMS MPCMS MPCMS 
AglAgCI Calomel CulCUS04 

AARTC128 -~~~ ~ 

Cu Secondary 
Ni Secondary 
Ag Secondary 

erse d T tEl t d es ec ro es vs, R oom T t MPCMS R ~ empera ure e erence EI t des ec ro 

I I', -,5 a"" MPCMS MPCMS MPCMS Electrode 
AglAgCI Calomel CU/CUS04 Housing 

AARTC128 -IS( 5::1-
Cu Secondary - lR\ ·9 - qq ,o 
Ni Secondary - 142,.4 
Ag Secondary f- ~~.=r-
MPCMS AglAgCI -liIg".O 
MPCMS Calomel -t-! og.:l-
MPCMS CulCUS04 +2Df( .D 

Immersed T est Electrodes vs. R oom T em perature L b a oratory- ra e e erenc G d R ~ e Electrodes 
Laboratory Laboratory Laboratory 

AglAgCI Calomel CulCUS04 
AAR TC128 
Cu Secondary 
Ni Secondary 
Ag Secondary 
MPCMS AglAgCI 
MPCMS Calomel 
MPCMS CU/CUS04 

This page may be reproduced as necessary 

C-2 

C-88 

Page ----\.\ _, ___ of ___ _ 



RPP-RPT-44463, Rev. 0 

RPP-PLAN-43916, Rev. 0 

241-AN-I07 Simulant 

Back of Electrodes Dry after \}J(,.L~e.-
DATE: ~\ Le \ \ \) TIME: \ \ ··'2-fu.W\ TE1V[P: ____ pH: 

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

MPCMS MPCMS MPCMS 
AglAgCI Calomel CulCUS04 

ASTMAS37 
Cu Secondary 
Ni Secondary 
Ag Secondary 

Imm erse d T EI t d est ec ro es vs. R oom T emperature MPCMSR ~ e erence EI ectro 
MPCMS MPCMS MPCMS Electrode 
AglAgCI Calomel CU/CUS04 Housing 

ASTMAS37 -I'1S. 0 
Cu Secondary - ()-'1. ~ 
Ni Secondary -lvl.l 
Ag Secondary - '1\. ~ 
MPCMS AglAgCI .r4"i. D 
MPCMS Calomel ' 1<' g.i»J' T 
MPCMS CulCUS04 .. -4 1·~ 

des 

Immersed T EI est d ectro es vs. R oom T emperature L b a oratory- ra e e eren G d R f ce Electrodes 
Laboratory Laboratory Laboratory 

AglAgCI Calomel CU/CUS04 
ASTMA537 
Cu Secondary 
Ni Secondary 
Ag Secondary 
MPCMS AglAgCI 
MPCMS Calomel 
MPCMS CU/CUS04 

This page may be reproduced as necessary 
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241-A Y-IOI Simulant 

RPP-RPT-44463, Rev. 0 

RPP-PLAN-43916, Rev. 0 

Back of Electrodes Dry after W c... sk (p2=t.o) 
DATE: (,}II Q ! 10 TIME: \~~ TEMP: ---,;;,LlJ1uf:....:·_"'LI _ pH:---W.\d-

4'.\z:)?rA dS-0 

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

MPCMS MPCMS MPCMS 
AglAgCI Calomel CulCuS04 

AAR TC128 -'2,'1s~_t - A. 5.1-. ::r - SOC! _ I 
Cu Secondary -2.l.>S- 2 - 2.1.8'.1 - 3Y't·<1 
Ni Secondary - 2.:::~-~ . 5 - ~ '2-'i. (., - "'1 00.1 
Ag Secondary - I?,S.l., - 1<10.'5 - 21.:>1.5 

Imm d T tEl t d erse es ec ro es vs. R oom T empera ure e erence t MPCMSR ~ EI ectro 
MPCMS MPCMS MPCMS Electrode 
AglAgCI Calomel CU/CUS04 Housiul!: 

AARTCl28 .1 _ r::...., "-..0 -t: - ZS5 J 
Cu Secondary - 2.'6"~-2 - 'M.'i. (., - "1DI·1 - 1?"1A 
Ni Secondary - '2'i~.~ -MD.~ - a,\~ . I - I?, S. '1 
Ag Secondary -lS'}.? -.:loJ . O- - 2~4. (P ,?-q 
MPCMS A2fA2CI -;2.4."2- -t J4-'I. Cj 

MPCMS Calomel - ll. q -til';) .a.. 
MPCMS CulCuS04 - 13-?. -1-\,;>1 . '"-' 

? 2:H',s -..!b" 0 '1 -~~~ ~ 

des 

Immersed Te EI t d st ec ro es vs. R oom T empera ure a ora ory- ra e e erenc t Lb t GdR~ :e Electrodes 
Laboratory Laboratory Laboratory 

AglAgCI Calomel CU/CUS04 

AAR TCl28 -42..\.6 - "'ISDA -51.'1. '5 
Cu Secondary -~g,oo.D - 2,28' . I - <e,9 u.. '7 
Ni Secondary - <2,\£1 .3 - ~~. ':f - "'I Z()·l 
Ag Secondary - 1-=1"2. . 2- - 2.01 ·3 - 2-=k:>· ! 
MPCMS AglAgCI - '3lo.7 
MPCMS Calomel - \0 ·7 
MPCMS CulCuS04 9-.8' 

This page may be reproduced as necessary 
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241-AN-I07 Simulant 

RPP-RPT-44463, Rev. 0 

RPP-PLAN-439l6, Rev. 0 

Back of Electrodes Dry after \N c. S-Q \1=1-.0) 

DATE: 2-h.l'hD TIME: 11:. \t; hfn TEMP: 2.L,,.tl pH: \ l') . \.Q (p 
.q '. \ S" 1 --"!)""""-s-.....:.. D-- , 

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

MPCMS MPCMS MPCMS 
AglAgCI Calomel CulCUS04 

ASTMA537 -2.8~ . 2 - S'?,'1· '8 -~·:n .3 

Cu Secondary - 3 S-=? 8 - "\ 0"1. q - ....... I. g 
Ni Secondary -1'I"i . 8 -2'IV. LP - 2. 'iI4 .4 
Ag Secondary - 2.'10·3 - g~;~.2 - &-:r4 .3 

Imm d T EI erse est ectro d es vs. R oom T emperature MPCMS R ~ e ercncc EI ectro des 
MPCMS MPCMS MPCMS Electrode 
AglAgCI Calomel CU/CUS04 Housing 

ASTMA537 - 2.q~ . g - ~4\ . 0 - 41'2.. . '1 - 1"\1.(P 
Cu Secondary - 6\07. '1 - ~\D .3 -4.~2 . :2- -Ol~ · D 
Ni Secondary - 2.ID.-=!- - 2.6~ . o - ~2.'5 . 1 - '6''b .;.L 
Ag Secondary - ~OOA - 342 .8 - "\ I'I 'T - 15t·Q 
MPCMS AglAgCI - 'fF 1'2.-. il -~cR. ;). 

MPCMS Calomel - -ot-. LP -lo<'1.lp 

MPCMS CulCUS04 -40 .1 5 . ~ 

Immersed T EI est d ectro es vs. R oom T emllerature L b a oratory- ra e e eren G d R f ce Electrodes 
Laboratory Laboratory Laboratory 

AglAgCI Calomel CU/CUS04 

ASTMA537 - '2,\ I. LP - '53'1 .1- -40~. \I' 
Cu Secondary - ~BD. [P -"'\0"i ·3 - "1'1-i'· 3 
Ni Secondary - 2.2.g . ~ - 2'01.. . 0 - ~?-\ . 0 
Ag Secondary - ~!2. . 3 - '2..04I . A -A \\) . "" 
MPCMS A2/A2CI - 24 . .1, 
MPCMS Calomel - lJI . '6 
MPCMS CU/CUS04 - '66 ·3 

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

RPP-PLAN-439 16, Rev. 0 

241-AY-IOI Simulant 

Wetted With Foam Component Liquid 

DATE: 8. \ lP liD TIl\IE! 4",4 S-pro TE1\IP: _____ pH:~. ve] 

Immersed AAR TCl2S and Secondary Electrodes vs. 
Immersed MPCMS Reference Electrodes 

MPCMS MPCMS MPCMS 
AglAgCI Calomel CulCUS04 

AARTCl28 -"'\ 01-.':' -~M.·o - 517,:'1-
Cu Secondary - 2-::ru. ~ -;2,,;;)<\: ."1 - :'7,~d·lo 
Ni Secondary -A:~2.A - 6d~.~ - 6#<t·;j. 
Ag Secondary - I '" -:r. ":t - ~'IfS" . ~ - ~"i" ·4 

Imm erse d T t El t d es ec ro es vs. R oom T t MPCMSR f empera ure e erence EI odes ectr 
MPCMS MPCMS MPCMS Electrode 
AglAgCI Calomel CU/CUS04 Housin·g 

AAR TCl28 -414.T - 46("·., - S2,'S.3. _'2SS.':> 
Cu Secondary -~ 1$'1.'1 - %J.fU. -4"00.6 - IS~. -:r 
Ni Secondary - 4,}4-.U> - 6o~. o - 5 ~7."I - g,\lo . ~ 

Ag Secondary ~O\."1 - ~8,D .k -2,I~.~ - 4.'\ . "\ 
MPCMS A2/AgCl - g .O +\\S".~ 
MPCMS Calomel t ~.S \- \1-lJ . S:rP-
MPCMS CulCUS04 - IlP .1- r 2.2."1 . ~ 

Immersed T t EI t d es ec ro es vs. R oom T empera ure a ora ory-t L b t ra e e erell G d R f ce Electrodes 
Laboratory Laboratory Laboratory 
AglAgCI Calomel CulCUS04 

AAR TCl2S - 4JS () -"'\ 6~ . q - '5;;l 0 .<.., 

Cu Secondary - .;l <;"1-bl - 2, d-lo· "t - 6"1&".5 
Ni Secondary -4-8 .... 5 - 9.'512.11 - 6,&:>.1 
4.0 Sp.ennd"rv _~I,,"!:\ - "~2.~ -~I. -4 
~-e - --- -- J <;;J'" , I' 0"- .. • 
MPCMS AglAgCl - 1'\ . 15 
MPCMS Calomel + to. ~ 
MPCMS CulCUS04 - 10. \ 

This page may be reproduced as necessary 
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241-AN-I07 Simulant 

RPP-RPT-44463, Rev. 0 

RPP-PLAN-43916, Rev. 0 

Wetted With Foam Component Liquid 

DATE: TIME: <4 '.4 S-jJf'" TEMP: ___ =-_ pH:--.J t7 . S 'b , 
9- 5'. U 

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

MPCMS MPCMS MPCMS 
AglAgCI Calomel CulCUS04 

ASTMAS37 -31 0 . 0 -414.10 - 2,,"i" ~. ~ 
Cu Secondary - t,lR'\ .lR -41?:'.~ - ?, tlT.1> 
Ni Secondary -J.lI"S - ~ 13, .0 - ~" H. D 
Ag Secondary - Mil<>.4 A ~ -'Ill! - 7. gs:u 

Imm d T EI erse est ectro d es vs. R oom T emperature e erence . ectro es MPCMSR f E'I d 
MPCMS MPCMS MPCMS Electrode 
AglAgCI Calomel CU/CUS04 Housing 

ASTMA537 ~~~ - 4.7..~.1'. -4<1lo. D -~>.H - 2.b\· 5 
Cu Secondary -"t'-:}'K4 - 42-1 .1 -4'1? . D -~~ <t - 2- '1"T.=t 
Ni Secondary - ?_:}K . <;( - 2.'2..\'~ - ~t:1~ .6 - . ---'>- ..l)-lv\.l 
Ag Secondary - ~L.,,~.lS - -\1 0 A -.:I, ~2. L." _ <> r_ 

, ~ - 2~O · ~ 
MPCMS AglAgCI - II. I -\-52.0 
MPCMS Calomel - q,4. +6.1' 
MPCMS CulCUS04 - C\'S,S +'S4·1' 

Immersed Te EI st d ectro es vs. R oom T em perature a ora ory- ra e e ereD L b t G d R f ce Electrodes 
Laboratory Laboratory Laboratory 

AglAgCI Calomel CulCUS04 
ASTMAS37 . ~C,t;.1 - "\'2.4.\ -4<1D. ~ 
Cu Secondary - '2,<; f") ~ - 4.1<1.5 -4'(;'6. I 
Ni Secondary -2..'1I.D - 'hZD.'2 - ~~.Cj 
Ag Secondary -2,m.~ -4ID . 1.t> -.:I,~q . D 

MPCMS AglAgCI - '2..2.·lc l MPCMS Calomel - 15. I 
MPCMS CulCUS04 . - C\o.3 

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

RPP-PLAN-43916, Rev. 0 

241-AY-IOI Simulant 

Electrolyte Contamination -1> P-e..- ~tz:; W\.-\ ",,-Ii IX) 

DATE: ~ r:rW", TIME: tl'- Sl..J4", T EMP: --=-dLl
...!:· , . ..... '1 ___ pH: \ L .l L 

Amount of Contaminant Added (Total): >p 2.t;.0 

Immersed AAR TC128 Electrode vs Immersed MPCMS Reference Electrodes . 
MPCMS MPCMS MPCMS 
AgfAgCI Calomel CU/CUS04 

AARTC128 ~6\. D -~ -:rIo "\ -
-54'7- .0 

Immersed T EI est d ectro es vs. R oom T empera ure e erence t MPCMS R t Electrodes 

Immersed Te 

MPCMS MPCMS MPCMS 
AgfAgCI Calomel CulCUS04 

AARTC128 -'?()"\.~ -3,4,5'. S, - 41 t.. ."'T 
MPCMS AgfAgCI +,.. 'I 
MPCMS Calomel +'5 .0 
MPCMS CU/CUS04 +-I.;. D 

st Electrodes vs. Room Temperature L aboratory-G rade R t ce Electrodes e eren 
Laboratory Laboratory Laboratory 
AgfAgCI Calomel CU/CUS04 

AAR TC128 -~14 · 2 -"~,40.~ -40~A. 

MPCMS AgfAgCI - 5 ·+ 
MPCMS Calomel +"1.J.. 
MPCMS CulCUS04 +I~ . l" 

'* tu.(6A SO; S\Q.L..~ (CP\t\.C.e:d u:;,J rcpl6.U2.~nt; 
~ \.c....... S, Dq E-le c...-teoclQ.. · b\e\ ~G~J..a.. w.i.AL 
W Cl..6 bQ.()'O..Y'\ ~\Y'j ~f'> (e rn w0J2 . 

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

RPP-PLAN-439 I 6, Rev. A 

241-AN-I07 Simulant 

Electrolyte Contamination - ~ Qu. - ~-tc. If\\. 'Vla.--n· CIr\ 

" I I I l . " l~.lIr · q ) o •• ? 
DATE: dl t-I\b TIME: l . ~~ TEMP: ( '}It·§) ~ · pH:_I:...::D,,-.,-(P,--_ 

Amount of Contaminant Added (Total): e5 Z.S. D 
i 

Immersed ASTM AS37 Electrode vs Immersed MPCMS Reference Electrodes 
MPCMS MPCMS MPCMS 
Ag/AgCI Calomel CulCUS04 

ASTMA537 -~ .rl. - :sg4·3, -4E>~· S 

Immersed T EI est d cctro es vs. R oom T emperature MPC SR M eference Electrodes 
MPCMS MPCMS MPCMS 
Ag/AgCI Calomel CulCUS04 

ASTMA537 - ,~2,..? -5'11- · 3 -4"1-1. l 

MPCMS A2IA2CI - '1' . 2;, 
MPCMS Calomel - 'l. fI 
MPCMS CulCUS04 - "'/-. ~ 

Immersed T est Electrodes vs. R oom T em perature Laboratory-G rade Referenc e Electrodes 
Laboratory Laboratory Laboratory 

Ag/AgCI Calomel CulCUS04 
ASTMA537 - '6"}O.'i1 - ~ '1'1. (p -4(..04. 1<> 
MPCMS A2IA2CI - ~ \ . 0 

MPCMS Calomel -;7,."6 
MPCMS CulCUS04 t- 2.. g 

This page may be reproduced as necessary. 
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24I-A V-IOI Simulant 

Electrolyte Contamination 

RPP-RPT-44463, Rev. 0 

RPP-PLAN-439l6, Rev. 0 

(:;;. r;;-. I ) 

DATE: -=;.8'c..11,",-1-"ID::......-__ TIME :---,-,Id=-:.;;..Cfj.:...- ___ TEMP: _ --:/)..::.....,;:C):=-,.,--\ _ pH: td_· O_if __ 

Amount of Contaminant Added (Total): -c ..... ;)"'m""L=---__ d--~ ' u 

Immersed AAR TC128 Electrode vs Immersed MPCMS Reference Electrodes 
MPCMS MPCMS MPCMS 
AglAgCI Calomel CulCUS04 

AARTC128 - "Tl2.· 2. - -=t n . '1 -u,S3 .J-

Immersed T t EI t d es ec ro es vs. R oom T empera ure e erence t MPCMSR f Electrodes 
MPCMS MPCMS MPCMS 
AglAgCI Calomel CulCUS04 

AARTC128 - ""1-\ R .T -1-&,D .0 -8~5. S 
MPCMS AglAgCI - ,;l. 'i . tD 
MPCMS Calomel + 1- . ~ 
MPCMS CU/CUS04 - ! 'b'1 . 0 

Immersed T E est d lectro es vs. R oom T emperature L b a oratory- ra e e erenc G d R f e Electrodes 
Laboratory Laboratory Laboratory 
AglAgCI Calomel CulCUS04 

AAR TC128 - ':7-42.· (0 -r7o.'1 -8 38" · .;1. 
MPCMS AglAgCI - 4 t::> ·5 
MPCMS Calomel t- 8.0-
MPCMS CulCUS04 -I "7"8". 0 
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241-AN-I07 Simulant 

Electrolyte Contamination 

RPP-RPT-44463, Rev. 0 

RPP-PLAN-439 16, Rev. 0 

DATE: --'(}OL/-'.~,-,)f.=..o ___ TI~fE:----,"I'<',-:c.:O--,5,--__ TEIVIP: _ ..::(X;-"'-'.I'--__ pH; JO"""SC-.:::.,, __ 

Amount of Contaminant Added (Total): 'dML- ~-: 0 

Immersed ASTM AS37 Electrode vs Immersed MPCMS Reference Electrodes 
MPCMS MPCMS MPCMS 
AglAgCI Calomel CulCUS04 

ASTMAS37 - "::::,'0"1. l -4?,()."l: -4 ls> <" . ~ 

Immersed T EI d R T MPCMS R lElectrodes est ectro es vs. oom emperature eference 
MPCMS MPCMS MPCMS 
AglAgCI Calomel CulCUS04 

ASTMAS37 - ?Al,. ·(p -«-40.'1 - 61'1.5 
MPCMS AglAgCI - \g . 0 
MPCMS Calomel -1'.3 
MPCMS CU/CUS04 -44-4 

Immersed Te EI d R T L b G d R ~ ce Electrodes st ectro es vs. oom emperature a oratory- ra e e en,n 
Laboratory Laboratory Laboratory 

AglAgCI Calomel CulCUS04 
ASTMAS37 -41~ . f -442.."~ - fp'i . { 
MPCMS AglAgCI - I~. '1 
MPCMS Calomel -iJ.D 
MPCMS CU/CUS04 - 3('.il 
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241-AY-IOI Simulant 

Electrolyte Contamination 

RPP-RPT-44463, Rev. 0 

RPP-PLAN-43916, Rev. 0 

DATE: 0\11 !0 TIME: ~ 'd..: ~'S TEMP: ---'ldCl't,-,.l ___ pH:---.£i .... ·..:;.O .. .L., __ 

Amount of Contaminant Added (Total): 0.5 IX' L 

Immersed AAR TCl28 Electrode vs Immersed MPCMS Reference Ellcctrodes 
MPCMS MPCMS MPCMS 
AglAgCI Calomel CulCUS04 

AAR TCl28 -hLoVR - ffl1 ·5 -105~A 

Immersed T EI est d ectro es vs. R oom T emperature MPCMSR ~ c erence Electrodes 
MPCMS MPCMS MPCMS 
AglAgCI Calomel CulCUS04 

AAR TCl28 - 545 ·'1 -5!i'T .o -lo(,Q · ~ 

MPCMS AglAgCI t 14-4 
MPCMS Calomel + 'b . d.. 
MPCMS CU/CUS04 - S ·D 

Immersed T EI est d ectro es vs. R oom T emperature L b a oratory- ra e e erelnC G d R ~ 
Laboratory Laboratory Laboratory 
AglAgCI Calomel CU/CUS04 

AARTCl28 - c., F."T."T - hKS ·O' -lo5~ . o 
MPCMS Ag/A2CI + \ . ~ 
MPCMS Calomel t-Cl,4 
MPCMS CulCUS04 + '2. .2, 

This page may be reproduced as necessary. 
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241-AN-I07 Simulant 

Electrolyte Contamination 

RPP-RPT-44463, Rev. 0 

RPP-PLAN-43916, Rev. 0 

DATE: ,Q ITl IV TIl\fE: I..d;', ~? TEl\1P: _~,,-L4':""'U.!..I ___ pH: iO .(Q 

Amount of Contaminant Added (Total): O . ? m L 

Immersed ASTM A537 Electrode vs Immersed MPCMS Reference Ellectrodes 
MPCMS MPCMS MPCMS 
AglAgCI Calomel CulCUS04 

ASTMA537 -~.1 -4~D.R -4'Q(Q .'; 

Immersed Test Electrodes vs. Room Temperature MPCMS Reference Electrodes 

Immersed T 

MPCMS MPCMS MPCMS 
AglAgCI Calomel CulCUS04 

ASTMA537 -"<1,85 .\ -427. '8 -500. / 
MPCMS AglAgCI - '6. D 
MPCMS Calomel -1' . 5 
MPCMS CU/CUS04 -44 . \ 

est Electrodes vs. Room Temperature Laboratory-G rade Referen ce Electrodes 
Laboratory Laboratory Laboratory 

AglAgCI Calomel CulCUS04 
ASTMA537 - !l..a .. . "1 -~2u. .~ '4Cj~ . T 
MPCMS AglAgCI - 15.5 
MPCMS Calomel - ~.d. 
MPCMS CU/CUS04 - 3(g ·T 
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A~-l D\ 
241-AN-167 Simulant 

Electrolyte Contamination 

RPP-RPT-44463, Rev. 0 

RPP-PLAN-439 I 6, Rev. 0 

DATE: ~ ttl tD TIME: \ '. \:,? M TEMP: 

Amount of Contaminant Added (Total): CliW' fA J:t 

Immersed ASTM AS37 Electrode vs Immersed MPCMS Reference Ellectrodes 
MPCMS MPCMS MPCMS 
AglAgCI Calomel CulCUS04 

ASTMAS37 -lq4q.J. -=t-l I '7- - lJ ""t'J . '1 

Immersed T EI est d ectro es vs. R oom T empera ure e erence t MPCMSR ~ Electrodes 
MPCMS MPCMS MPCMS 
AglAgCI Calomel CulCUS04 

ASTMA537 -(J(§i.t .0 - :rG:r.O - t-=Y6.1-
MPCMS AglAgCI -1'i) ·T 
MPCMS Calomel {"L·ri. 
MPCMS CU/CUS04 -ltD_'1 

Immersed Te tEl t d s ec ro es vs. R oom T empera ure a ora ory- ra e e erenc t L b t G d R~ e Electrodes 
Laboratory Laboratory Laboratory 

AglAgCI Calomel CulCUS04 
ASTMA537 -Lrt; . 'S -~.q -1-V'U 
MPCMS AglAgCI - dq.1 

MPCMS Calomel -r;;l .5 
MPCMS CU/CUS04 . • (0 0 ~ . 
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241-AY 161 Simulant 

Electrolyte Contamination 

RPP-RPT-44463, Rev. 0 

RPP-PLAN-439l6, Rev. 0 

(2.5 .5") 

-ta"s) 
f::lZ '1 ) 

DATE: JI3-IID TIME: \ '. \aplY\ TEMP: .:;q.S pH: 
::15 . \ 

Amount of Contaminant Added (Total): tom{?Y>:te -fto v.>( IN/AC;iC... 

Immersed AAR TCl28 Electrode vs Immersed MPCMS Reference Electrodes . 
MPCMS MPCMS MPCMS 
AglAgCI Calomel CufCuS04 

AARTCl28 - 4/(; ·8- -44,1 . .1) - q,r" I· 5 

Immersed Test Electrodes vs. Room Temperature MPCMS Reference Electrodes 

Immersed T 

MPCMS MPCMS MPCMS 
AglAgCI Calomel CufCUS04 

AAR TC128 - 4bl.o .O - 44$.:r - S;).I ·J 
MPCMS AglAgCI + 10·0 
MPCMS Calomel - U ' T 
MPCMS CU/CUS04 - IW.':') 

est Electrodes vs. Room Temperature Laboratory-Grade Refere:n ce Electrodes 
Laboratory Laboratory Laboratory 
AglAgCI Calomel CU/CUS04 

AAR TC128 -4/g .4 -441'·3 -515."l 
MPCMS AglAgCI - ;). . 0 
MPCMS Calomel - 5 .4 
MPCMS CufCUS04 - 1l.P4 ·~ 
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RPP-RPT-44463, Rev. 0 

RPP-PLAN-43916, Rev. 0 

241-A Y-lOI Simulant 

Electrolyte Contamination ,- f 
l~ . b 

DA TE: t-ktl \D TIME: D~: DO Ar\ TEMP: ZL\ ,q- pH: 1\ ,1'[ 
-z.-s­

Amount of Contaminant Added (Total): ..c:.;\~e~ ...:,1 t.>a.~-\t 

Immersed AAR TCI2S Electrode vs Immersed MPCMS Reference Ele(:trodes 
MPCMS MPCMS MPCMS 
AglAgCI Calomel CU/CUS04 

AAR TCl2S -:/ . .7-1. )... - 2." l. 3> - 2.S'l...S-

Immersed T EI est d ectro es vs. R oom T emperature MPCMSR f e erence Electrodes 
MPCMS MPCMS MPCMS 
AglAgCI Calomel CulCUS04 

AAR TCl2S -1.fY6. ~ - 1SD.1 - 32.1. . '\ 
MPCMS AglAgCI H,cO 
MPCMS Calomel of . \ 
MPCMS CU/CUS04 -13. 1 

Immersed T EI est d ectro es vs. R oom T emperature L b a oratory-G d R ~ ce Electrodes ra e e eren 
Laboratory Laboratory Laboratory 
Ag/AgCI Calomel CulCUS04 

AAR TCl2S - 1.2'1 .3 - 2;-0.\ - ~I'l.~ 
MPCMS AglAgCI 1'\ ... J 
MPCMS Calomel "\ ,<\. .... .J 
MPCMS CU/CUS04 - '-1."1 
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241-AN-I07 Simulant 

Electrolyte Contamination 

RPP-RPT-44463, Rev. 0 

RPP-PLAN-439 I 6, Rev. 0 

Amount of Contaminant Added (Total): e. \~c.nc>~"s 

Immersed ASTM AS37 Electrode vs Immersed MPCMS Reference Electrodes 
MPCMS MPCMS MPCMS 
AglAgCI Calomel CulCuSO. 

ASTMA537 - ~1't . ?- - '-\ \ 1. . "\ -3o"lS 

Immersed T t EI t d es ec ro es vs. R oom T empera ure e erence t MPCMSR ~ Electrodes 

Immersed Te 

MPCMS MPCMS MPCMS 
AglAgCI Calomel CulCuSO. 

ASTMA537 -~7'1 . t: -'\ll. · ~ -'\~ . l 
MPCMS AglAgCI t '\.4 
MPCMS Calomel - '-1.'\ 
MPCMS Cu/CuSO. - \CiD .C£ 

st Electrodes vs. R oom T emperature L b a oratory-G rade R efenmc e Electrodes 
Laboratory Laboratory Laboratory 

AglAgCI Calomel CulCuSO. 
ASTMA537 - ?:,<i'tl A\t;; . <; _lP'b .b 
MPCMS AglAgCI oA"6 
MPCMS Calomel - ~ . C. 
MPCMS Cu/CuSO. -\C.~ . "\ 
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RPP-RPT-44463, Rev. 0 

TEST EXCEPTION LOG 

Procedure Closed 

# Date Step Description Initial/Date 

RPP-PLAN-
Reduce temperature of test cell bath from 

1 2/3/2010 43915, 
Section 11 

35°C to 25°C. 

RPP-PLAN- Insert new column on electrode in-

2 2/5/2010 43916, leakage data sheet to collect the potential 

Section 11 of the tested electrode with respect to the 
electrode housing. 

D-2 



RPP-RPT-44463, Rev. 0 

TEST EXCEPTION DISPOSITION 

Test Exception Number: I 

Describe Corrective Action: 

In RPP-PLAN-439IS, 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 PolyScience TM3 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 HV AC 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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RPP-RPT-44463, Rev. 0 

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 fonned between the electrode and 
the electrode housing. RPP-PLAN-4391S, 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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APPENDIXE 

SUPPLEMENTARY DATA 
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-100.0 
S 
E -200.0 
" u 
c -300.0 " ~ 
" ;!; -400.0 C 

.!!! 
~ -500.0 c 
" ~ 0 

"" 

-200.0 
:> 
E -250.0 

" -300.0 u 
c 
" ~ -350.0 ;E 
c -400.0 .. . ., -450.0 
" c 
~ -500.0 0 

"" 

RPP-RPT-44463, Rev. 0 

Immersed TCl2S vs Immersed MPCMS 
Primary Electrodes in AY-lOl Simulant 

I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 

25.125.027.031.035.045.055.155.045.035.031.027.027.0 31.0 35.0 45.055.055.045.0 

Test Cell Temperature rC) 

__ Immersed AAR TC128 Steel vs. Immersed MPCMS AgJAgCI 

-.-Immersed AAR TC128 Steel vs. Immersed MPCMS Calomel 

~Immersed AAR TC128 Steel vs. Immersed MPCMS Cu/CuS04 

A537 vs 25°C MPCMS Primary Electrodes in 
AN-107 Simulant 

25.125.027.031.035.045.055.155.045.035.031.027.027.0 31.0 35.0 45.055.055.045.0 

Test Cell Temperature rC) 

~Immersed ASTM A537 Steel vs. 25°C MPCMS AgJAgCI 

__ Immersed ASTM A537 Steel vs. 25°C MPCMS Calomel 

-'-Immersed ASTM A537 Steel vs. 25°C MPCMS Cu/CuS04 
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RPP-RPT-44463, Rev. 0 

AY-IOlln-Leakage: Nickel 

Clean Ni Water Ni Clean Ni Waste Ni Clean Ni Foam Ni 

0 

-100 

-200 

:> -300 E • Immersed AGCl 

.!!! -400 
~ 

• Immersed CALOMEL 
c 
" -500 ~ 
0 

• Immersed CUS04 

"-
-600 

-700 

-800 
Contamination/Cleaning Steps 

AY-IOlln-Leakage: Copper 

Clean Cu Water Cu Clean Cu Waste Cu Clean Cu Foam Cu 

0 

-100 

:> -200 
E • Immersed AGCl 

.!!! -300 
~ 

• Immersed CALOMEL 
c 
" ~ • Immersed CUS04 
0 -400 "-

-500 

-600 
Contamination/Cleaning Steps 
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RPP-RPT-44463, Rev. 0 

AY-lOlln-Leakage: Tel2S 

Clean TC- Water TC- Clean TC- Waste TC- Clean TC- Foam TC-

1~ 1~ 1~ 1~ 1~ 1~ 

0 

-100 

:> 
-200 • Immersed AGCl 

E -300 
• Immersed CALOMEL 

.!!! -400 
~ c 
" -500 ~ 

• Immersed CUS04 

0 
"- -600 

-700 

-800 

Contamination/Cleaning Steps 

AY-lOlln-Leakage: Silver 

Clean Ag Water Ag Clean Ag Waste Ag Clean Ag Foam Ag 

0 

-100 

:> 
-200 

E 
-300 

• Immersed AGCl 

.. . ., • Immersed CALOMEL 
c -400 
" ~ • Immersed CUS04 
0 
"- -500 

-600 

-700 
Contamination/Cleaning Steps 
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RPP-RPT-44463, Rev. 0 

AY-I07 In-Leakage: Nickel 

Clean Ni Water Ni Clean Ni Waste Ni Clean Ni Foam Ni 

100 

0 

:> -100 
E • Immersed AGCl 

.!!! -200 
~ 

• Immersed CALOMEL 
c 
" ~ -300 0 

"" 
• Immersed CUS04 

-400 

-500 
Contamiation/Cleaning Steps 

AY-I07 In-Leakage: Copper 

Clean Cu Water Cu Clean Cu Waste Cu Clean Cu Foam Cu 

100 

0 

:> -100 
E • Immersed AGCl 

""ii -200 . ., • Immersed CALOMEL 
c 
" ~ • Immersed CUS04 
0 -300 
"" 

-400 

-500 
Contamiation/Cleaning Steps 

E-5 



RPP-RPT-44463, Rev. 0 

AY-I07 In-Leakage: A537 

Clean TC- Water TC- Clean Waste Clean TC- Foam TC-
128 128 TC-128 TC-128 128 128 

200 

100 

;;- 0 • Immersed AGCl 
E -100 

• Immersed CALOMEL .. -200 . ., 
c 
" -300 ~ 

• Immersed CUS04 

0 

"" -400 

-500 

-600 

Contamiation/Cleaning Steps 

AY-I07In-Leakage: Silver 

Clean Ag Water Ag Clean Ag Waste Ag Clean Ag Foam Ag 

300 

200 

100 
;;-
E 0 • Immersed AGCl 

.!!! -100 
~ 

• Immersed CALOMEL 
c 
" -200 ~ 
0 

• Immersed CUS04 

"" -300 

-400 

-500 
Contamiation/Cleaning Steps 
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AY-IOlln-Leakage: Nickel 

Clean Ni Water Ni Clean Ni Waste Ni Clean Ni Foam Ni 

0 

-100 

-200 

;;- -300 
E -400 

• Laboratory AGCL 

.. -500 . ., • Laboratory CALOMEL 
c 
" -600 
~ 
0 
"- -700 

• Laboratory CUS04 

-800 

-900 

-1000 
Contamination/Cleaning Steps 

AY-IOlln-Leakage: Copper 

Clean Cu Water Cu Clean Cu Waste Cu Clean Cu Foam Cu 

0 

-100 

-200 
;;-
E -300 • Laboratory AGCL 

.. -400 . ., • Laboratory CALOMEL 
c 
" -500 ~ 
0 

• Laboratory CUS04 
"-

-600 

-700 

-800 
Contamination/Cleaning Steps 
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-200 
;;- -300 
E -400 .. -500 . ., 
c -600 " ~ 0 -700 "-
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-900 
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-200 

;;- -300 
E -400 .. -500 . ., 
c 
" -600 
~ 
0 
"- -700 

-800 

-900 

-1000 

Clean 
TC-128 

RPP-RPT-44463, Rev. 0 

AY-lOlln-Leakage: Tel2S 

Water Clean TC- Waste TC- Clean TC- Foam 
TC-128 128 128 128 TC-128 

Contamination/Cleaning Steps 

AY-lOlln-Leakage: Silver 

Clean Ag Water Ag Clean Ag Waste Ag Clean Ag Foam Ag 

Contamination/Cleaning Steps 
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• Laboratory AGCL 

• Laboratory CALOMEL 

• Laboratory CUS04 

• Laboratory AGCL 

• Laboratory CALOMEL 

• Laboratory CUS04 
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AY-I07 In-Leakage: Nickel 

Clean Ni Water Ni Clean Ni Waste Ni Clean Ni Foam Ni 

0 

-100 

-200 
:> 
!. -300 • Laboratory AGCL 

.. -400 . ., • Laboratory CALOMEL 
c 
" -500 ~ 
0 

• Laboratory CUS04 

"-
-600 

-700 

-800 
Contamiation/Cleaning Steps 

AY-I07 In-Leakage: Copper 

Clean Cu Water Cu Clean Cu Waste Cu Clean Cu Foam Cu 

0 

-100 

:> -200 
!. • Laboratory AGCL 

.. -300 . ., • Laboratory CALOMEL 
c 
" ~ -400 0 
"-

• Laboratory CUS04 

-500 

-600 
Contamiation/Cleaning Steps 
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0 

-100 

;;- -200 
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-300 .. . ., 
-400 c 

" ~ 0 -500 "" 
-600 

-700 
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AY-I07 In-Leakage: A537 

Clean TC- Water TC- Clean 
128 128 TC-128 

Waste 
TC-128 

Clean Foam TC-
TC-128 128 

Contamiation/Cleaning Steps 

E-10 

• laboratory AGCl 

• laboratory CALOMEL 

• laboratory CUS04 
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-50 

;;- -100 

E -150 

.. -200 
. ., 

-250 c 
" ~ -300 0 
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-400 
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20 
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;;- -20 

E -40 

.. -60 
. ., 

-80 c 
" ~ -100 0 

"" -120 

-140 
-160 

Clean 
MPCMS 

AGCl 
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AY-IOlln-leakage: AGCl 

Water 
MPCMS 

AGCl 

Clean 
MPCMS 

AGCl 

Waste 
MPCMS 

AGCl 

Clean 
MPCMS 

AGCl 

Contamination/Cleaning Steps 

Foam 

MPCMS 
AGCl 

• laboratory AGCl 

AY-IOlln-leakage: CALOMEL 

Clean Water Clean Waste Clean Foam 

MPCMS MPCMS MPCMS MPCMS MPCMS MPCMS 
CALOMEL CALOMEL CALOMEL CALOMEL CALOMEL CALOMEL 

• laboratory CALOMEL 

Contamination/Cleaning Steps 
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-50 
;;- -100 
E -150 .. -200 . ., 
c -250 " ~ -300 0 

"" -350 
-400 
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AY-IOlln-Leakage: CUS04 

Clean Water Clean Waste Clean Foam 
MCPMS MCPMS MCPMS MCPMS MCPMS MCPMS 
CUS04 CUS04 CUS04 CUS04 CUS04 CUS04 

Contamination/Cleaning Steps 

E-12 

• Laboratory CUS04 
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AN-I07 In-leakage: AGCl 

~ -20 +-----
"" -25 +-----------------

-30 L-__________ ~----------

Contamiation/Cleaning Steps 

AN-I07In-leakage: CALOMEL 
Clean Water Clean Waste Clean Foam 

MPCMS MPCMS MPCMS MPCMS MPCMS MPCMS 
CALOMEL CALOMEL CALOMEL CALOMEL CALOMEL CALOMEL 

0 

-5 

5" 
-10 

E 
-15 .. . ., 

c -20 
" ~ 0 

"" -25 

-30 

-35 
Contamiation/Cleaning Steps 
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AN-I07 In-Leakage: CUS04 

Clean Water Clean Waste Clean Foam 
MCPMS MCPMS MCPMS MCPMS MCPMS MCPMS 
CUS04 CUS04 CUS04 CUS04 CUS04 CUS04 

Contamiation/Cleaning Steps 

E-14 

• Laboratory CUS04 
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