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PERFORMANCE OF MULTI-PROBE CORROSION MONITORING SYSTEMS
AT THE HANFORD SITE

Vanessa S. Anda, Glenn L. Edgemon, Alan R. Hagensen, and Megan M. Dahl
ARES Corporation

1100 Jadwin Avenue, Suite 400
Richland, Washington 99352

Kelly G. Carothers and Kayle D. Boomer
Washington River Protection Solutions, LLC

Post Office Box 850
Richland, Washington 99352

ABSTRACT

Between 2007 and 2009, several different multi-probe corrosion monitoring systems were designed and
installed in high-level nuclear waste tanks at the U.S. Department of Energy's Hanford Site in
WaShington State. The probe systems are being monitored to ensure waste tanks operate in regions
that minimize localized corrosion (Le., pitting) and stress corrosion cracking. The corrosion monitoring
systems have been installed in wastes with different chemistry types. An ongoing effort during the
same time period has generated non-radioactive simulants that are tested in the laboratory to establish
baseline corrosion monitoring system performance and characterize data to allow interpretation of
readings from the multiple corrosion monitoring systems. Data collection from these monitoring
systems has reached the point where the results allow comparison with the laboratory testing. This
paper presents analytical results from the corrosion monitoring system development program.

Keywords: tank potential, corrosion monitoring, nuclear waste tank corrosion
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INTRODUCTION

The U.S. Department of Energy's Hanford Site is located in the southeastern portion of
Washington State. The Hanford Site has a total of 177 nuclear waste tanks: 28 "newer" double-shell
waste tanks and 149 oldersingle='shelltanks< as well as many miscellaneous storage facilities.
Together, the single-shell and double-shell waste tanks currently store approximately 53 million gallons
of nuclear waste from the Hanford Site's past weapons production mission. As part of the current clean
up mission,retrieval projects are ongoing to remove waste from the older single-shell tanks and
transfer it to the "newer" double shell tanks to be stored until a new waste vitrification facility that is
currently in the construction phase is online and able to process the stored nuclear waste into glass.

The Hanford Site double-shell tanks (DSTs) were constructed of welded mild steels, including
American Society for Testing and Materials (ASTM) A537 CL1 [Unified Number System (UNS)
K02400], ASTM A515 Grade 60 (UNS K02401), and ASTM A516 Grade 65 (UNS K02403). The DST
inner tanks were stress relieved at the completion of construction. The stress relief time at temperature
varied between one and three hours. The required stress relief temperature was 1050 ± 50°F. Ten of
the 28 DSTs were known to have reached lower temperatures than the specified range, which resulted
in extended soak times. The DSTs currently store supernatant liquid and two possible different types of
solid materials, sludge or saltcake, depending on the processes and original waste sources. The
Hanford Site currently employs a chemistry-based corrosion mitigation program for the DSTs, which
mainly uses Sodium Hydroxide (hydroxide) to adjust the pH of tank waste. The amount of hydroxide
added is also dependent on the concentration of nitrite and nitrate.

In 2004, the Hanford Site tank operations contractor began exploring the optimization of the
chemistry-based corrosion mitigation system through laboratory testing in waste simulants. The
contractor has conducted an extensive laboratory testing program, under the guidance of a panel of
industry and academic corrosion experts known as the Expert Panel Oversight Committee. The
program was initiated to develop recommendations for modified acceptable waste chemistry
specifications, while evaluating corrosion potentials capable of inducing stress corrosion cracking
(SCC) for different waste types and temperatures. The laboratory testing has shown the importance of
the nitrite concentration and the waste tank corrosion potential (Ecorr) in regards to the onset of SCC.

In conjunction with the recommendations for modified waste chemistry specifications, corrosion
monitoring systems have been installed in select DSTs, including Tanks 241-AN-102, 241-AY-101, and
241-AY-102, during 2008 and 2009 to allow for in-situ determination of the waste tank corrosion
potential and uniform corrosion. The DSTs With corrosion monitoring devices contain different waste
types and laboratory work to determine corrosion potentials capable of inducing SCC has recently been
completed. This paper presents the multi-probe corrosion monitoring system (MPCMS) field data
obtained following installation of the system and contains a comparison between laboratory potential
data obtained using simulated waste and tank potential data obtained following field installation.

MPCMS DESIGN

The MPCMS is comprised of active (fixed) and passive (removable) probe elements. The active
probe consists of primary reference electrodes, secondary reference electrodes, electrical resistance
(ER) sensors, and weight loss coupons. The passive probes consist of weight loss coupons. This
discussion focuses on the primary and secondary reference electrodes as they are used to measure
the waste tank potential and does not include mention of the overall MPCMS materials of construction
or design.

The corrosion probes are installed in nuclear waste tanks; therefore, the primary reference
electrodes are required to withstand and operate at temperatures up to 160°F (71°C) or 170°F (77°C),
pH ranges from 7 to 14, and radiation fields up to 200 (Rads) Rlhr or 1000 Rlhr. Work completed by
Danielson using five different primary reference electrodes exposed to gamma radiation indicated that
commercial-grade primary reference electrodes subjected to radiation failed after a short period of
time. 1 Primary reference electrodes used on the MPCMS were designed and built by Van London
pHoenix Company using polyvinylidene fluoride (PVDF) with porous junctions made of PVDF to
improve radiation resistance. The electrode design supports the use of different electrode filling
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solutions. Radiation testing was not completed on the primary reference electrode bodies during
development· of .the first· generation· MPCMS, arid this body style remains in use through the third
generation MPGMS.. The primary reference electrodes on the first generation MPCMS have been
installed inTank 241-AN":102sihce May 1, 2008 and most of them continue to function. The primary
reference electrodes are eventually predicted to fail, most likely by filling solution contamination or as a
result of radiation damage: Atestihg program using waste simulant is planned for 2010 to develop and
evaluate primary reference electrode failure mechanisms and characterize reading behavior.

The types of primary reference electrodes included on the MPCMS have changed over the
three generation design. The first MPCMS, which was installed in Tank 241-AN-102, included three
different types of primary reference electrodes: Saturated Calomel, Silver-Silver Chloride, and a hybrid
double-junction Copper Sulfate(1) electrode. The second generation MPCMS, installed in Tank
241-AY-102, also has three different types of primary reference electrodes in the supernatant and
sludge regions. The Tank 241-AY-102 MPCMS primary reference electrodes include Saturated
Calomel, Silver-Silver Chloride, and Saturated Copper Sulfate. The third generation MPCMS design
was installed in Tank 241-AY-101 and includes redundant Silver-Silver Chloride reference electrodes in
each region. Example primary reference electrodes, as installed on the active (fixed) probe, are shown
in Figure 1. A close up of a primary reference electrode body is presented in Figure 2. The primary
reference electrode body in Figure 2 includes the protective end cap; the end cap is removed to expose
the porous junction prior to installation in the waste tank. The use and performance of multiple types of
primary reference electrodes over probe development has allowed selection of the Silver-Silver
Chloride reference electrode as the primary reference electrode to be utilized for future MPCMS
designs.

Secondary reference electrodes were installed on the MPCMS to allow monitoring of tank
corrosion potentials in the event of primary reference electrode failure. Three types of secondary
reference electrodes were selected following completion of a laboratory testing program. The
laboratory test program was performed in waste simulant at the Oak Ridge National Laboratory (ORNL)
in 2007 and evaluated the stability of corrosion potentials over time and characterized the open-circuit
corrosion potentials of the candidate materials when exposed to high pH material. The materials
evaluated included silver rod, chloridized silver wire, platinum wire, nickel rod, copper rod, titanium rod,
and Hastelloy®(2) C22®(2) (UNS N06022) rod in liquid pH 11 and pH 14 waste simulant at approximately
80°F (27°C). During the course of testing, open circuit corrosion potentials were measured against
commercially available Silver-Silver Chloride, Saturated Calomel, and Copper/Copper Sulfate reference
electrodes. Although most of the metals tested demonstrated relatively stable open circuit corrosion
potentials, copper,nickel, and silver were selected based on performance and cose One of each of
the copper,nickel,andsilver secondary reference electrodes were installed in each region of the Tank
241-AN-102, Tank 241-AY-1 01, and Tank 241-AY-102 MPCMS. The metallic secondary reference
electrodes are electrically isolated from the carbon steel probe body by a glass seal. Example
secondary reference electrodes, as installed on the active (fixed) probe, are shown in Figure 3. A
close-up view of a secondary reference electrode is presented in Figure 4. Tank potential
measurements with respect to the secondary reference electrodes are not currently used as most
primary reference electrodes are still functioning.

Tank metal electrodes were also included in the MPCMS design to facilitate corrosion potential
measurements on the tank material of construction. For Tank 241-AN-102, the tank metal electrodes
are fabricated out of ASTM A537 (UNS K02400). The tank metal electrodes on the Tank 241~AY-101

and Tank 241-AY-102 MPCMS are fabricated out of AAR TC-128, Grade 8. 80th Tanks 241-AY-101
and 241-AY-102 were fabricated out of ASTM A515, Grade 60 (UNS K02401); however, archival
material of the same age was not easily located. The chemical and physical properties of AAR TC-128,
Grade 8 and ASTM A515, Grade 60 (UNS K02401) were determined to be similar; therefore, AAR
TC-128, Grade 8 was used for the tank metal electrodes. For each of the three probes, the archived

1 The hybrid dOUble-junction copper sulfate/silver chloride primary reference electrode is essentially constructed
as a double-junction silver/silver chloride reference electrode, but uses a 1 molar copper sulfate solution (instead
of saturated potassium chloride) between the primary and secondary junctions.
2 Hastelloy and C22 are registered trademarks of Haynes International in Kokomo, Indiana.
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metal was heat treated as required, in a similar fashion to the DSTs as previously mentioned, then used
to fabricate the tank metalsecondary reference electrodes. Redundant tank metal secondary reference
electrodes were located in the tank liquid and solid waste regions. Additionally, the Tank 241-AY-101
MPCMS design included oxidized tank metal secondary reference electrodes in each region. The tank
metal secondary reference electrodes are of the same design as the metallic (copper, nickel and silver)
secondary reference electrodes; Le., they are electrically isolated from the carbon steel probe body by
a glass seal. Tank metal electrodes were installed on the MPCMS as surrogates for the tank wall. To
date however, the tank metal electrodes have not attained the same corrosion potential as the tank.

TANK 241·AN·102

Waste Type

Tank 241-AN-102 contains a relatively thin, approximately 8 in., hard layer of solid carbonate
waste above the approximately 4.8 ft. layer of saltcake (Le., solid) waste. The solid waste is covered
with 26.5 ft. of liquid (supernatant) waste. The saltcake and the supernatant waste currently stored in
the tank are mainly nitrate based wastes with organic components. Laboratory investigations were
performed on a similar waste type, the Tank 241-AN-107 waste, with the appropriate constituent
concentrations modified to be representative of Tank 241-AN-1 02.

Laboratory testing of the simulated Tank 241-AN-107 and Tank 241-AN-102 waste included
organics and other salts. The main constituents and their concentrations are provided in Table 1. A full
listing of the simulant components is provided in the laboratory testing report. 3

Table 1. Tank 241·AN·102 and 241·AN·107 Laboratory Waste Simulant Concentrations.

Solution Identification Main Constituents
Nitrate (M) Nitrite (M) Chloride (M) pH

Standard Tank 241·AN·1 07 3.7 1.2 0.1 11
Endpoint Tank 241·AN·107 2.4 2.3 0.1 10

Double Chloride Tank 3.7 1.2 0.2 11
241·AN·107/Present AN102
Double Chloride Endpoint 2.4 2.3 0.2 10

107/Endpoint AN102

The Expert Panel Oversight Committee reviewed the results of the laboratory test program and
noted that for solutions with nitrite, SCC was not observed at potentials of -100 mV vs. SCE or lower,
and never at open circuit potential under the 50°C test temperature conditions.4 The waste temperature
in Tank 241-AN-102 is an average of 27°C for the supernatant and 28°C for the saltcake, thus well
below the test temperatures.

Data

The 241-AN-102 MPCMS was installed on May 1, 2008. Tank corrosion potential data as
measured against the primary reference electrodes installed on the corrosion probe began to stabilize
almost immediately after installation. The tank potentials in the supernatant and the saltcake have
remained within approximately 60 mV of each other, even a year and four months after insertion in the
tank. Waste tank corrosion potential data from the primary reference electrodes located in the
supernatant waste is presented in Figure 5. Waste tank corrosion potential data from the saltcake
primary reference electrodes is presented in Figure 6. Figure 7 presents a comparison between the
Saturated Calomel and the Silver/Silver Chloride primary reference electrodes in the two tank regions.
The hybrid Copper Sulfate primary reference electrode is not included in the figures as it is not used.
The hybrid Copper Sulfate primary reference electrode in the Saltcake region of the tank failed within
the first month of operation; therefore, a comparison between it and the Supernatant hybrid Copper
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Sulfate primary reference electrode is not performed. Table 2 contains the average tank corrosion
potential for each region as measured against the primary reference electrodes.

Table 2. Tank 241·AN·102 Average Waste Tank Potentials.

Primary Reference Average Calculated Average Average Calculated
Electrode Supernatant Supernatant Tank Saltcake Tank Average Sludge

Tank Potential, Potential, Potential, mV Tank Potential,
mV mV (vs. SCE) mV(vs. SCE)

Saturated Calomel -371.0 N/A -363.2 N/A
Silver/Silver Chloride -349.6 -368.6 -349.6 -368.7

Hybrid Silver
-368.4 -291.3 N/A* N/A

Chloride/Copper Sulfate
Note: *The Saltcake hybrid Silver ChlOride/Copper Sulfate primary reference electrode failed wIthin the fIrst
month of operation. Data from this primary reference electrode is no longer collected, recorded or
reviewed.

Discussion

Based on the laboratory work previously discussed and communications with the Expert Panel
Oversight Committee, SCC is unlikely at corrosion potentials more negative than approximately
-100 mV (vs. Saturated Calomel Electrode) in the Tank 241-AN-102 waste. A comparison of the data
in Figures 5, 6, and 7 with laboratory test data indicate the corrosion potential of the tank with respect to
the Saturated Calomel Electrode is well below (more negative) than the most negative corrosion
potential shown to induce SCC in the laboratory work in both the supernatant and saltcake regions.

TANK 241·AY·102

Waste Type

Tank 241-AY-102 contains approximately 4.5 ft. of sludge waste which is covered with a
considerable amount (approximately 24 ft.)of liquid (supernatant) waste. The interstitial liquid of the
sludge stored in the tank is a carbonate rich interstitial liquid, while the supernatant waste is mainly a
nitrate based waste. Laboratory investigation was performed on several simulants representing the
241-AY-102 waste. Simulant testing included three (3) supernatant waste simulants, two (2) simulants
of the sludge interstitial liquid, and one (1) mixed tank liquid simulant. Table 3 presents the main
simulant constituents evaluated. A full listing of the simulant components is provided in the laboratory
testing report.5

Table 3. Tank 241·AY·102 Laboratory Waste Simulant Concentrations.

Note. Table extracted from the Expert Panel Oversight Committee laboratory assessment document

Solution Identification Main Constituents
Nitrate (M) Nitrite (M) TIC (M) pH

AP1 01·TSC (Transferred Supernatant 2.13 0.98 0.47 14+
Composition)

AY102·CSC (Combined Supernatant 1.967 0.938 0.477 14+
Composition)

AY102·ACS (Aged Combined 1.635 1.27 1.118 14+
Supernatant)

AY102·PIL (Present Interstitial Liquid) 0.002 0.001 1.028 11
AY102·AIL (Aged Interstitial Liquid) 0.002 0.001 1.138 11

AY102·ATL (Aged Total Liquid) 1.532 1.2 1.242 14
,tl
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with concentrations updated and confirmed based on the laboratory test report.5

The Expert Panel Oversight Committee reviewed the results of the laboratory test program and
noted that potential seems to be the dominant factor determining the prevalence of SCC. Early testing
showed a potential for SCC in the nitrate based waste in Tank 241-AY-102 (the supernatant) at an
applied potential of 0 mV vs. SCE.6 However, recent testing of the supernatant simulant at 50°C has
determined the critical cracking potential in the waste simulant is 50 mV vs. SCE.8 The expert panel
has recommended further testing to determine safety margins for the nitrate based waste, as the
established critical cracking potential is not very different than the open circuit potential, based on the
laboratory testing. Stress corrosion cracking was not observed in the 241-AY-102 nitrate based
simulant at the open circuit potential (generally several hundred millivolts more negative than 0 mV vs.
SCE). Testing performed on the carbonate based Tank 241-AY-102 waste simulant indicated that SCC
was evident in a narrow potential range around -800 mV vs. SCE, but not at the open circuit potential
(generally several hundred millivolts more positive than -800 mV vs. SCE). The oversight committee
determined that for the 241-AY-102 carbonate waste (the interstitial liquid) a credible mechanism was
not apparent that would facilitate a transition to the cracking regime. Recently, the Expert Panel
Oversight Committee has confirmed that carbonate ion rich waste simulants have not caused SCC at
testing performed at the open circuit potential at temperatures of 50°C and 7rC. 7 The waste
temperature in Tank 241-AY-102 is an average of 40°C for the supernatant and 52°C for the sludge.

Data

The 241-AY-102 MPCMS was installed in the tank on March 26, 2009. Tank corrosion potential
data as measured against the primary reference electrodes installed on the corrosion probe stabilized
shortly after installation. Several troubleshooting activities were required following installation of this
corrosion probe as wiring errors were made during fabrication which resulted in inaccurate data
collection for approximately three months after installation. The tank potentials in the supernatant as
well as in the sludge are approximately 100 mV apart. Waste tank corrosion potential data from the
primary reference electrodes located in the supernatant waste is presented in Figure 8. Waste tank
corrosion potential data from the sludge primary reference electrodes is presented in Figure 9. Figure
10 presents a comparison between the functioning primary reference electrodes (converted to a
Saturated Calomel scale) in the two tank regions. Table 4 contains the average tank corrosion
potential for each. region as measured against the primary reference electrodes. The average primary
reference electrode values are converted to the Saturated Calomel scale and presented in Table 4 as
well to facilitate comparison with the laboratory test results.
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Table 4. Tank 241-AY-102 Average Waste Tank Potentials.

Primary Average Calculated Average Sludge Tank Calculated
Reference Supernatant Average Potential, mV Average Sludge
Electrode Tank Supernatant Tank Potential,

Potential, mV Tank Potential, mV (vs. SCE)
mV (vs. SCE)

Saturated
-118.7* N/A -178.2** N/ACalomel

Silver/Silver
-154.7 -173.7 27.5*** N/AChloride

Saturated
Copper/Copper -244.1 -167.1 -193.6 -116.6

Sulfate
Note: *The Supernatant Saturated Calomel prrmary reference electrode has failed. These data are not
used for potential evaluation and are presented for information only.

**The Sludge Saturated Calomel primary reference electrode failed as a result of unacceptably
low leakage resistance measurements. These data are not used for potential evaluation and are
presented for information only.

***The Sludge Silver/Silver Chloride primary reference electrode has failed. These data are not
used for potential evaluation and are presented for information only.

Discussion

Figures 8, 9, and 10 show corrosion potential data for the tank relative to the primary reference
electrodes in the supernatant and sludge regions of the tank, respectively. Laboratory work has
determined that SCC is unlikely at corrosion potentials more negative than approximately 50 mV (vs.
Saturated Calomel Electrode) in the supernatant waste.8 SCC is not credible at the measured sludge
potentials for carbonate waste.6 Based on a comparison of the data from operable primary reference
electrodes in Figures 8 through 10 with laboratory test data, the corrosion potential of the tank in both
regions is outside the potential range where sec is likely to be induced, based on the laboratory work.

TANK 241-AY-101

Waste Type

Tank 241-AY-101 contains over 3 ft. of sludge (mud-like) waste which is covered with liquid
(supernatant) waste. The sludge waste currently stored in the tank is a carbonate based waste, while
the supernatant waste is a nitrate waste. Two types of waste simulants have recently been evaluated
for this tank: the present interstitial liquid and the present supernatant composition. Laboratory
investigation was performed on the two 241-AY-101 waste simulants. Table 5 presents the main
simulant constituents that were evaluated. A full listing of the simulant components is provided in the
laboratory testing report.9

7



Table 5. Tank 241·AY·101 Laboratory Waste Simulant Concentrations.

Solution Identification Main Constituents
Nitrate (M) Nitrite (M) TIC (M) cr pH

AY101...PIL (Present Interstitial 0.057 0.847 1.842 0.011 11
Liquid)

AY101·PSC (Present Supernatant 1.33 0.205 0.201 0.018 13+
Composition)

Note: Table extracted from the Expert Panel Oversight CommIttee laboratory assessment
document. 1o

The Expert Panel Oversight Committee reviewed the results of the laboratory test program and
confirmed that potential remains the dominant factor in determining the prevalence of SCC. For the
nitrate based waste in Tank 241-AY-101 (the supernatant) SCC was evident at potentials more noble
than the open circuit potential. Specifically SCC was noted for nitrate based wastes at 0 mV vs. SCE at
50°C and 7rC. Testing performed on the carbonate based Tank 241-AY-101 waste simulant did not
illuminate a SCC region, although one was previously determined for Tank 241-AY-102. Generally, the
higher concentrations of nitrite and nitrate in the 241-AY-1 01 carbonate simulant were credited with the
inability to determine a likely region of SCC. The oversight committee determined that for the
241-AY-101 carbonate waste (the interstitial liquid) it is unlikely that the tank steel would be at the
potential ranges where carbonate induced cracking would cause an integrity concern. Recently, the
Expert Panel Oversight Committee has confirmed that carbonate ion rich waste simulants have not
caused SCC at testing performed at open circuit potential at temperatures of 50°C and 7rC.7 For the
supernatant waste, recent testing at 50°C has determined the critical cracking potential in the waste
simulant is 0 mV vs. SCE.8 The oversight committee has recommended further testing to determine
safety margins for the nitrate based waste, as the established critical cracking potential is not very
different than the open circuit potential, based on the laboratory testing. The waste temperature in
Tank 241-AY-101 is an average of 29°C for the supernatant and 37.5°C for the sludge.

Data

The 241-AY-101 MPCMS was installed in the tank on April 30, 2009. Tank corrosion potential
data as measured against the primary reference electrodes installed on the corrosion probe stabilized
shortly after installation. On average, the tank potentials in the supernatant as well as in the sludge are
approximately 20 mV apart. Waste tank corrosion potential data from the primary reference electrodes
located in the supernatant waste is presented in Figure 11. Waste tank corrosion potential data from
the sludge primary reference electrodes is presented in Figure 12. Figure 13 presents a comparison
between the functioning primary reference electrodes (converted to a Saturated Calomel scale) in the
two tank regions. Table 6 contains the average tank corrosion potential for each region as measured
against the primary reference electrodes. The average primary reference electrode values are
converted to the Saturated Calomel scale and presented in Table 6 as well to facilitate comparison with
the laboratory test results.
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Table 6. Tank 241·AY-101 Average Waste Tank Potentials.

Primary Average Calculated Average Sludge Calculated
Reference Supernatant Average Tank Potential, Average Sludge
Electrode Tank Supernatant mV Tank Potential,

Potential, mV Tank Potential, mV (vs. SCE)
mV (vs. SCE)

Silver/Silver
-72.6 -91.6 -77.2 -96.2Chloride 1

Silver/Silver
-69.9 -88.9 455** 436**Chloride 2

Silver/Silver
-33.4* -52.4* N/A N/AChloride 1

Silver/Silver
-71.2 -90.2 N/A N/AChloride 2

Note: *The Supernatant/Sludge Silver/SIlver Chlonde 1 pnmary reference electrode has failed.
These data are not used for potential evaluation and are presented for information only.

**The Sludge Silver/Silver Chloride 2 primary reference electrode has failed. These data
are not used for potential evaluation and are presented for information only.

Discussion

Figures 11 and 13 show corrosion potential data for the tank relative to the primary reference
electrodes in the supernatant region of the tank. Previously performed laboratory work has shown that
SCC is unlikely at corrosion potentials more negative than approximately 0 mV (vs. Saturated Calomel
Electrode) at 50°C (supernatant only).8 Based on a comparison of the data in Figures 11 and 13 with
laboratory test data, the corrosion potentials of the tank in the supernatant region is more negative than
the most negative corrosion· potential shown to induce SCC by the laboratory work.

SUMMARY AND CONCLUSIONS

Field data from tanks that currently have measured potentials indicate that the laboratory
simulant testing is more conservative than actual in-tank conditions. The in-situ monitoring conducted
on the Hanford Site confirms that Tanks 241-AN-102, 241-AY-101, and 241-AY-102 do not exhibit
open-circuit potentials at or more positive than the laboratory evaluated critical cracking potentials.
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FIGURE 1 - Installed Primary Reference
Electrodes

FIGURE 2 - Primary Reference Electrode
Body

FIGURE 3 - Installed Tank Metal/Metallic
Secondary Reference Electrodes
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FIGURE 4 - Metallic/Tank Metal Secondary
Reference Electrode Body



241-AN-l02 Supernatant Tank Potentials (5/1/08 - 8/24/09)
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FIGURE 5 - Tank 241·AN·102 Supernatant Tank vs. Primary Reference Electrodes
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241-AN-102 Saltcake Tank Potentials (5/1/08· 8/24/09)
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FIGURE 6 - Tank 241·AN·102 Saltcake Tank vs. Primary Reference Electrodes
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241-AN-102 Tank Potentials (5/1/08 - 8/24/09)
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FIGURE 7 - Tank 241-AN-102 Tank vs. Primary Reference Electrodes
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241-AY-102 Supernatant Tank Potentials {3/26/09 - 9/8/09}
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FIGURE 8 - Tank 241-AY-102 Supernatant Tank vs. Primary Reference Electrodes
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241-AY-I02 Sludge Tank Potentials {3/26/09 - 9/8/09}
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FIGURE 9· Tank 241·AY·102 Sludge Tank vs. Primary Reference Electrodes
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241-AY-l02 Tank Potentials (3/26/09 - 9/8/09)
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FIGURE 10 - Tank 241·AY·102 Tank vs. Primary Reference Electrodes
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241-AV-IOl Supernatant Tank Potentials (4/30/09 - 9/8/09)
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FIGURE 11 - Tank 241·AY·101 Supernatant Tank vs. Primary Reference Electrodes
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241-AY-101 Sludge Tank Potentials (4/30/09 - 9/8/09)
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FIGURE 12 - Tank 241-AY-101 Sludge Tank vs. Primary Reference Electrodes
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241-AY-10l Tank Potentials (4/30/09 - 9/8/09)
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FIGURE 13 - Tank 241·AY·101 Tank vs. Primary Reference Electrodes
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