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EXECUTIVE SUMMARY

The Hanford reservation contains approximately 50-million gallons of liquid legacy radioactive
waste from cold war weapons production that is stored in 177 underground storage tanks.
Current plans call for vitrification of the waste and final disposal in a geologic repository at
Yucca Mountain. The double-shelled carbon steel tanks presently used for storage will continue
in operation until a vitrification plant is constructed and waste processing operations are
completed. Due to various chemical reactions taking place inside the tanks, the waste
chemistries will tend to change over time. Although the changes occur slowly, the waste
compositions will be altered because of the current estimate for storage of waste, which goes
beyond 2035.

In addition, the present chemistries for some of the tank waste types are no longer in
specification with respect to corrosion mitigation (e.g., maintaining pH levels above 12). Thus,
there is concern within the U.S. Department of Energy (DOE), oversight groups, and regulatory
bodies that tank integrity may have been or may become compromised given these changes in
chemistry. Furthermore, if tank integrity is potentially compromised, there is a need to define
mitigation strategies. Additional resources would be required to mitigate potential leaks and
conduct repairs. The objective of this work was to finalize the range of conditions where the
tank steel is susceptible to localized corrosion and stress corrosion cracking (SCC) in the
Double-Shell Tanks (DSTs) using primarily simulants of wastes stored in various tanks, in
particular Tanks 241-AP-105, 241-SY-103 and 241-AW-105. The chemistries in these tanks
cover a broad range of waste chemistries in the tank farm including low nitrate concentration
wastes, low nitrite to nitrate ratio wastes, and wastes containing high halide concentrations.
These tanks were specifically selected because they provide bounding compositions of
aggressive ions. In addition, testing was conducted in simulants of wastes from Tank
241-AZ-102 and 241-SY-101 to test the impact of specific aggressive ions. Tank 241-AN-107
and Tank 241-AY-101 simulants were tested to complement results from previous corrosion
studies with respect to carbonate SCC and pH impact on corrosion susceptibility, respectively.
The work involved a series of cyclic potentiodynamic polarization (CPP), slow strain rate tests
(SSRTs) and crack growth rate (CGR) tests in the waste simulants on a plate of American
Association of Railways Tank Car (AAR TC) 128 Grade B steel, which is believed to have
similar properties to the waste tanks.

Based on the work conducted, the key findings of the research are listed below.

. The SCC potency of the waste simulants for the three tanks studied followed the trends
previously established for nitrate-based simulants. SCC only occurred at relatively high
applied potentials (e.g., 0 mV vs. SCE) or at low nitrite/nitrate concentrations ratios.

. Limited CGR testing performed in AY-101 simulants indicated that stress intensity
factors above 45 ksiVin were necessary for crack propagation to occur in the waste
simulants tested.

. Though at current tank conditions the Present Supernate Composition (PSC) simulant for
tank 241-AP-105 (AP-105-PSC) showed a low propensity for corrosion, the tank steel
exposed to the Tank AP-105-PSC simulant at elevated temperatures and under anodically
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polarizing conditions demonstrated a susceptibility to SCC and localized corrosion at the
liquid/vapor interface. Long-term immersion tests indicated that the steel was susceptible
to corrosion at the liquid/vapor interface even at open circuit potential (OCP), but the
extent at room temperature was not as severe as at elevated temperatures (e.g., 50°C).
The AP-105-PSC is the only simulant in which SCC was observed in a SSRT performed
at OCP. Local chemistry changes (nitrite depletion or pH drop) may be responsible for
the interfacial attack, though the precise mechanism is unclear at this time. The
liquid/vapor interface attack indicates that localized corrosion is possible in simulants
with high pH, and this should be considered in any future corrosion mitigation strategies.

The Present Interstitial Liquid (PIL) for Tank 241-SY-103 (SY-103-PIL) simulant, which
has the upper limit of chloride concentration of the DSTs, appears to be benign with
respect to corrosion and SCC relative to the AP-105-PSC and previously tested Tank
241-AN-107 simulants and the PIL for Tank 241-AY-102 (AY-102PIL) simulant. Any
possible corrosion liability associated with the high chloride content, appears to be offset
by the relatively high nitrite content.

The PIL for Tank 241-AW-105 (AW-105-PIL) simulant, which has the upper limit of
fluoride concentration, also appears to be benign with respect to tank steel SCC.
However, some localized corrosion has been observed at the liquid/vapor interface.

The AZ-102 simulant, tested at the higher temperature of 77°C, appears to be benign with
respect to SCC, confirming the inhibitory nature of nitrite. The AZ-102 simulant has a
high nitrite/nitrate ratio of 8.4.
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LIST OF TERMS
Abbreviations and Acronyms
AARTC American Association of Railways Tank Car
ASTM American Society for Testing and Materials
CGR Crack Growth Rate
CPP Cyclic Potentiodynamic Polarization
CT Compact Tension
DCPD Direct Current Potential Drop
DI Deionized
DOE U.S. Department of Energy
Kiscc Stress intensity factor for stress corrosion cracking
K Threshold stress intensity factor
Kinsce Threshold stress intensity factor for stress corrosion cracking
OoCP Open Circuit Potential
PIL Present Interstitial Liquid
PSC Present Supernate Composition
SCC Stress Corrosion Cracking
SCE Saturated Calomel Electrode
SEM Scanning Electron Microscope
SSR Slow Strain Rate
SSRT Slow Strain Rate Test
TIC Total Inorganic Carbon
Units
°C degrees Celsius
°F degrees Fahrenheit
h hour
in. inch
ksi kilopounds per square inch
ksivin ksi square root inch
M molarity
mM milli-molar
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1.0 INTRODUCTION AND BACKGROUND

The Hanford tank reservation contains approximately 50 million gallons of liquid legacy
radioactive waste from cold war weapons production that is stored in 177 underground storage
tanks. Current plans call for vitrification of the waste and final disposal in a geologic repository
at Yucca Mountain. The carbon steel DSTs presently used for storage will continue in operation
until a vitrification plant is constructed and waste processing operations are completed.

The waste chemistries in the storage tanks are grouped according to their main constituents, such
as nitrite/nitrate-based and carbonate-based chemistries. Most of the wastes are highly alkaline
in nature, typically with pH values between 12 and 14. Under alkaline conditions, carbon steels
will tend to be passive and undergo relatively slow rates of uniform corrosion. However, carbon
steels can become susceptible to localized corrosion (e.g., pitting) and SCC in the presence of
certain aggressive constituents, such as chloride and nitrate, even in these passive conditions'.
The original Single-Shell Tanks (SSTs) at Hanford experienced some SCC failures because of
the presence of high concentrations of nitrate in the waste and high residual stresses near the
welds in the tanks. Research at Hanford and Savannah River Laboratories demonstrated that
cracking could be prevented by post weld heat treating the tanks and maintaining the waste at a
high pH (>13), which were practices incorporated into construction and operation of the tanks
respectively. Although most wastes stored in the DSTs are currently within specification and
will remain within specification for the next 20 years, there will be cases in which the chemistry
will be out of specification (i.e., pH levels below 12). This transformation is a result of waste
chemistries changing over time due to various chemical reactions taking place inside the tanks.
These out of specification conditions could also develop during waste transfer and mixing
operations. Thus, there is concern within DOE, oversight groups, and regulatory bodies that tank
integrity could be compromised given these chemistry changes. If tank integrity is threatened,
there is a need to define mitigation strategies. Additional resources would be required to
mitigate potential leaks as well as conduct repairs.

Thus far, research has been conducted with waste simulants for Tanks 241-AN-107 (AN-107),
241-AN-102 (AN-102), 241-AY-101 (AY-101) and 241-AY-102 (AY-102) using the simulants
developed for the wastes in these tanks. The AN-107, AN-102, and AY-101 simulants have
nitrate-based chemistries with high concentrations of nitrite and nitrate (typically > 1.3M nitrate).
The AY-102 stimulant has a carbonate-based chemistry as the carbonate concentration is
considerably higher than the nitrite and nitrate concentrations (typically in the order of 1 M
carbonate, vs. mM nitrate concentration).

Research conducted at CC Technologies in AN-107° simulants revealed that a nitrite
concentration above 1M considerably reduced the susceptibility of carbon steel to pitting
corrosion and SCC. Although the current pH value of the interstitial liquid in the salt
cake/sludge in AN-107 is out of specifications (pH 11 rather than 13), the laboratory testing
demonstrated that the pH did not have a significant impact on either localized corrosion or SCC

' R. N. Parkins, and R. Usher, The Effect of Nitrate Solutions in Producing Stress Corrosion Cracking in Mild Steel,
Proceedings Frist International Congress on Metallic Corrosion. London, U K.: Butterworths (1962): 296-302.

? Hanford Tanks 241-AN-107 and 241-AN-102: Effect of Chemistry and Other Variables on Corrosion and Stress
Corrosion Cracking, CC Technologies Inc, September 8, 2006.
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of carbon steel in the range of 10 to 13.5. SCC was commonly observed at an applied potential
of -100 mV (vs. SCE) or above. This potential range is more positive than the OCP of the steel
in the simulants. Furthermore, the concentration of the corrosion and SCC inhibitor nitrite is
gradually increasing in the AN-107 waste from the initial concentration of 1.2M to 2.3M in the
predicted endpoint chemistry. Thus, the tank chemistry in AN-107 is self-inhibiting owing to the
increasing nitrite concentration with time. The implication of this research is that adjustments to
the pH of the interstitial liquid in the salt cake/sludge to high levels is unnecessary
(specifications stipulate pH between 12 and 14). Applications of these findings to interstitial
liquid was immediate, but changes to control of the supernate liquid will only be possible if it
can be shown that corrosion at the liquid/air interface and vapor space will be unaffected.

The work in AY-101° and AY-102* simulants indicated that these chemistries were largely
benign with respect to localized corrosion. As with the AN-107 simulants, nitrite is a potent
inhibitor to localized corrosion for these simulants. In nitrate-based AY-101, SCC was observed
only at relatively high applied potentials (e.g., 0 mV vs. SCE). In carbonate-based AY-102,
however, SCC was observed both at high potentials (0 mV vs. SCE) and at potentials near

-800 mV vs. SCE where an active-passive transition was noted on CPP curves. Fortunately,
corrosion potential monitoring of steel in the carbonate-based simulants suggested that the OCP
of the steel will be far more positive than -800 mV vs. SCE. These results indicated the
necessity to monitor the corrosion potential of the tank wall.

In the present work, the localized and SCC corrosion behavior of steel in waste simulants for
Tanks 241-AP-105 (AP-105), 241-SY-103 (SY-103), 241-AW-105 (AW-105), 241-AZ-102
(AZ-102), 241-SY-101 (SY-101), AN-107 and AY-101 were investigated. The AP-105- PSC
contains high nitrate (3.58 M) and low nitrite (0.27 M) concentrations. It has the lowest nitrite—
to-nitrate concentration ratio among all simulants that have been investigated thus far. The SY-
103 and AW-105 PILs (SY-103-PIL and AW-105-PIL) represent wastes with bounding chloride
(0.5 M) and fluoride (0.58 M) levels, respectively. Chloride is known to contribute to pitting
behavior in steels. Fluoride is expected to be detrimental to the tank steel as well. The AW-105
simulant has low nitrite (0.12 M) and nitrate (0.42 M) concentrations, whereas the SY-103
simulant is high in both nitrite (2.91 M) and nitrate (1.97 M). These differences are expected to
have a significant influence on the corrosion and SCC behavior of the tank steel. The various
chemistries of simulants investigated in this work are listed in Table 1 and compared with other
chemistries studied previously.

The SY-101 simulant also has a low nitrite-to-nitrate concentration ratio and raised a concern for
the susceptibility of the tank steel to localized corrosion and SCC. The AN-107 simulant was
previously studied to examine its propensity for corrosion. The simulant was investigated to test
susceptibility to carbonate SCC because of the high carbonate concentration of 1.4 M. The
AZ-102 simulant represents a tank chemistry at the other extreme: the nitrite-to-nitrate ratio is a
relatively high 8.4, with a nitrate content of 0.105 M and a nitrite content of 0.883 M. The

3 Hanford Tank AY-101: Effect of Chemistry and Other variables on Corrosion and Stress Corrosion Cracking, CC
Technologies Inc, January 2008.

* Hanford Tanks AY-102 and AP101: Effect of Chemistry and Other Variable on Corrosion and Stress Corrosion
Cracking, CC Technologies, September 7™ 2007.
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supernate and interstitial liquid in Tank 241-AY-101 was investigated in previous programs. In
this work, the condensate surface layer (CSL) in Tank AY-101 (AY-101-CSL), which has a
relatively low nitrite-to-nitrate ratio (0.2), was studied.

This report summarizes the results obtained for the chemistries described above. The scope of
the test program includes a series of CPP, SSRTs, and CGR tests on a plate of AAR TC 128

Grade B steel. AAR TC128 Grade B steel has similar properties to the steels used in
constructing the DSTs.

The results from this work in conjunction with those obtained in other previous research
programs for other tanks will help expand understanding of the roles of nitrite and nitrate (both
absolute concentrations and ratio), and the roles of high chloride and fluoride in the corrosion

process. Based on these results, strategies may be formulated about possible mitigation schemes.

Table 1. A List of the Concentrations of the Main Constituents in Different Simulants.

Acronym Simulant AlOy SO42' NO, | NOy TIC Cr F OH pH
AY-102-PIL | Present Interstitial Liquid 0.002 0.018 | 0.001 | 0.002 | 1.021 0.004 0.003 0.001 11
AP101-TSC gi'r‘l;fo"gggns"pema‘am 031 | 0029 | 098 | 213 | 047 | 005 | 009 | 261 | 14+
AY-102-CSC ggmgf)"s‘i’gosn“p"ma‘a“t 029 | 0.028 | 0938 | 1.967 | 0.477 | 0.046 | 0.084 | 242 | 14+
AY-102-ACS | Aged Combined Supernatant 0.29 0.028 1.27 1.635 | 1.118 | 0.046 0.084 1.24 14+
AY-102-AIL | Aged Interstitial Liquid 0.002 0.009 | 0.001 | 0.002 [ 0.935 | 0.004 0.003 0.001 11
AY-102-ATL | Aged Total Liquid 0.37 0.027 1.20 1.532 | 1.242 | 0.043 0.079 0.96 14+
AY-101-PIL | Present Interstitial Liquid - 0.305 | 0.847 | 0.057 | 1.842 | 0.011 0.068 0.001 11
AY-101-PSC | Present Supernatant Composition 0.107 0.020 | 0.205 1.33 | 0.201 | 0.018 0.014 0.71 13+
AP-105-PSC | Present Supernatant Composition 0.15 0.047 | 0.270 | 3.58 | 0.326 0.03 0.009 0.18 13+
SY-103-PIL Present Interstitial Liquid 2:.06 0.017 291 1.97 | 0.123 0.50 - 2.43 14
AW-105-PIL | Present Interstitial Liquid 0.02 0.014 0.12 0.42 | 0.097 0.01 0.58 0.45 13+
-1 Mixed Simulant 0.195 | 0.04 | 0413 | 2.857 | 0.274 | 0039 | 0026 | 095 | 13+
ar -105- Evaporated Simulant 0347 | 0072 | 0736 | 5087 | 0489 | 0069 | 0047 | 1.67 | 14

vaporated
AZ-102 AZ-102 Simulant 0.007 0.186 | 0.883 [ 0.105 | 0.619 - 0.0520 - 12+
AW-105-PSC | Present Supernate Composition 0.0065 0.005 | 0.064 | 0.44 | 0.108 | 0.008 0.156 0.26 13+
SY-101 SY-101 Simulant 0.1407 0.02 0.203 | 0.931 | 0.133 | 0.023 0.028 0.66 13+
AY-101-CSL | Condensate Surface Layer 0.0153 0.002 | 0.037 | 0.181 | 0.147 | 0.006 0.002 | 0.005 | 11.82
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2.0 EXPERIMENTAL APPROACH

2.1 MATERIALS AND SPECIMENS

All test specimens were fabricated from a 2'x2'x1" as-supplied plate of AAR TC Grade B steel.
This is similar in composition and mechanical properties to the A515 Grade 60 steel used in the
Hanford AY-101 double-shelled underground storage tank construction. The plate was supplied
to CC Technologies by ARES Corporation. Chemical and mechanical specifications for AAR
TC 128 Grade B tank car steel are shown in Table 2 and Table 3, respectively; however, no
efforts were made to confirm these values. Figure 1 (a) shows a photomicrograph of the

AAR TC128 Grade B Tank Car Steel used in this investigation. This steel was also used in
previous AY-102, AP101, and AY-101 work. For comparison, Figure 1 (b) shows the
microstructure of the American Society for Testing and Materials (ASTM) A537 Class 2 steel
used previously for Tank 241-AN-105 and AN-107 work. The most significant difference
between the two microstructures is the presence of pearlite bands in the tank car steel which is
commonly observed in hot rolled steels.

Table 2. Chemical Specifications for AAR TC128 Grade B Tank Car Steel.

Element
C Mn P S Si Cu Fe
Max. | 0.50 1.35 | 0.040 0.05 0.30 [ 0.35 | balance
Min. - - - - - - _

Table 3. Mechanical Specifications for AAR TC128 Grade B Tank Car Steel.

Ultimate Tensile Strength 0.2% Offset Elongation
(psi) Yield Strength (psi) in 2” (%)
Max. 101,000 -- --
Min. 81,000 50,000 21.0

14
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Figure 1. Photomicrographs of (a) the Microstructure of the AAR TC 128
Grade B Tank Car Steel Used for the Current Work and Previous
AY-102 and AP101 Work, and (b) the Microstructure of the ASTM A537
Class 2 Steel used for Previous AN-105 and AN-107 Work.

(@)

Three main specimen geometries were utilized in this work. A schematic representation of the
CPP specimens, SSRT specimens, and CGR specimens are shown in Figure 2 , Figure 3, and
Figure 4, respectively. The specimens were fabricated by Metal Samples Company in Munford,
AL and Metcut Research, Inc., in Cincinnati, Ohio. Material close to the flame cuts at the edges
of the plates was avoided for specimen fabrication to ensure consistent microstructures. SSRT
specimens were fabricated such that the longitudinal axis was aligned with the plate rolling
direction (i.e., longitudinal orientation). Compact tension (CT) specimens were fabricated such
that the pre-crack was in the plate rolling direction (i.e., transverse-longitudinal orientation).

15



RPP-RPT-37505, Rev. 0

Figure 2. Engineering Drawing of the Cyclic Potentiodynamic
Polarization (CPP) Specimen (Units in Inches).
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Figure 3. Engineering Drawing of the Slow Strain Rate Test Specimen (Units in Inches).
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Figure 4. Engineering Drawing of the Crack Growth Rate Specimen (Units in Inches).
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The dimensions of the CT specimens shown in the figure below are a standard size, and
consistent with the dimensions used for CT samples in previous constant load experiments.
Constant displacement rate tests previously used were again employed to determine the CGR and
the threshold stress intensity for SCC (Kpscc). All specimens were side-grooved (Figure 5)
following the guidelines provided in ASTM E1820-06e1° to ensure crack growth did not diverge
significantly from the pre-crack direction and to promote plane strain conditions. This standard
recommends a total reduction in cross-section of the crack plane of 20% of the width of the test
sample, with an included angle of 90° or less, and a root radius of <= 0.02 +0.01 in. Figure 5
shows a digital photograph of the CT sample machined with side-grooves.

Figure 5. A Photograph of One of the CGR Specimens Following Side-Grooving.

side

orooves

—A

2.2 CHEMICALS AND SOLUTIONS

The chemistries used in this work with AP-105, SY-103 and AW-105 were “present”
chemistries. The aged chemistries for the tanks studied are not expected to be significantly
different from the present chemistries due to the small concentration of organic carbon
compounds (0.05M). That is, the oxidation of organic carbon compounds, when present at such
low quantities, will not significantly alter the carbonate, hydroxide, nitrate, or nitrite
concentrations. The presence and concentration of these species are believed to play critical
roles in the corrosivity of the simulants.

As stated previously, the simulants that were chosen for evaluation were selected to bind the
effects of various tank chemistry compositions, such as the effects of chloride, fluoride, and
nitrite/nitrate ratio. All of the simulants are considered chemically stable and did not require
continuous agitation prior to being used. The pH of each simulant was adjusted after initial
mixing using either sodium hydroxide (Noah), or nitric acid (HNO3) or acetic acid (CH;COOH).
If the difference between the measured pH and the target pH was large, nitric acid was favored
over acetic acid; however, acetic acid was most commonly used because of the small
adjustments that were typically required.

° ASTM E1820-06e1, 2006, Standard Test Method for Measurement of Fracture Toughness, American Society for
Testing and Materials, ASTM International, West Conshohocken, PA.
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For each simulant a standard chemistry and several modified chemistries were often investigated.
The standard chemistry was used to establish the baseline localized corrosion and SCC behavior.
The modified chemistries were used to explore the role of certain species, such as nitrite, nitrate,
and sulfate, on the localized corrosion and SCC behavior of the material. The chemicals used to
mix the baseline simulants (i.e., without modifications) as well as the concentrations used are
listed in Table 4. The rows containing some of the key species of interest are shaded. Note that
in some cases simulants were mixed using the baseline chemistry, and then pH balanced. The
pH balance will change the hydroxide concentration, and influence the proportions of carbonate
and bicarbonate present in the solution.

3.0 OPEN CIRCUIT POTENTIAL MONITORING, POTENTIOSTATIC AND
CYCLIC POTENTIODYNAMIC POLARIZATION TESTING

CPP testing was performed according to the guidelines set forth in ASTM G61-86e1.5 Samples
were either fully immersed or partially immersed in the simulants. When the samples were
partially immersed, a liquid/vapor interface was created so that the corrosion phenomena at the
interface could be investigated.

Prior to testing, the specimens were prepared to a 600 grit surface finish, ultrasonically cleaned
with isopropanol for five minutes, rinsed with DI water, and then dried with nitrogen. Prior to
introducing the specimen to the test cell, the test solution was added. In cases where testing
above room temperature was conducted, the solution was then heated to the desired temperature
(50°C [122°F] or 77°C [170°F]). The test solution was then purged with the desired test gas for
approximately one hour prior to specimen introduction and testing unless the test was conducted
under quiescent conditions. A saturated calomel electrode (SCE) was usually used as the
reference electrode with a salt bridge to separate the reference electrode from the testing
environment. This was done so that the reference electrode could be maintained at room
temperature. In a few limited cases, a Ag/AgCl wire reference electrode was used. For tests
where polarization was required, a platinized niobium wire was used as the counter electrode.

The OCP, CPP, and potentiostatic tests were performed under two different conditions — (1)
quiescent in air conditions (i.e., no gas purging and the cell was open), (2) gas purging conditions
(nitrogen, high purity Ar or compressed “zero” air containing no CO;). In a set of long-term
immersion tests to investigate the susceptibility of the steel to interfacial corrosion in the
AP-105-PSC simulants, the head space of the cell was blanketed with compressed “zero” air (no
CO,), nitrogen or argon so that the mixing of the interface chemistry with the bulk solution could
be minimized. The quiescent conditions and compressed air purging aimed to provide oxygen to
the simulants, and in many cases were used to investigate the role of oxygen in both CPP and
corrosion at the liquid/vapor interface. Nitrogen and argon purging were used to maintain
deaerated conditions (i.e., the oxygen reduction reaction was minimized or eliminated). For the
deaerated experiments the cathodic reactions were dominated either by other reducible species in
~ the solution (i.e., nitrite or nitrate) or water reduction (assuming the potential was sufficiently
negative).

6 ASTM G61-86¢1, 2003, Standard Test Method for Conducting Cyclic Potentiodynamic Polarization
Measurements for Localized Corrosion Susceptibility of Iron-, Nickel-, or Cobalt-Based Alloys, American Society
for Testing and Materials, ASTM International, West Conshohocken, PA.

18



61

Table 4. The Concentrations of Chemicals Used in Preparation of the Simulants.

AP- AY-

| Yese | 105 | e | e | SYOU | e | “hec | AZ02 | 101

Chemical Formula Mixed CSL
Mollclrity Mollclrity Molarity (M) Molarity Mollclrity Mo;\alllrity Mollclrity Mo;\s;llrity Moll\alllrity

NaAl0;.2H 0.15 0.1407 00160 | 00065 | ( | 00153

NeClL 00308 | 0039 | 00228 00102 | 00083 | . 0.0064

Sodium Fluoride NaF - 0.0091 0026 | 0.0277 05810 | 0156 | 00520 | 0.0015
Sodium Chromate Na,CrO, 0.0106 0.008 0.0021 0.0002 0.00004 | 0.0130 | 0.0003
Sodium Phosphate, 12-Hydrate NayPO, 12H,0 0.0301 0.03 0.0984 0.0032 0.0045 - 0.0059

Potassium Nitrate KNO, 0.1444 | -0.0710 -

Sodium Sulfate Na,S0, 0.0472 0.04 0.0139 0.0053 0.1860 0.0021
Sodium Formate NaHCOO 0.0100 0.0115 -
Sodium Acetate Trihydrate NaCH;COO.3H,0 0.0075 0.0105 -

Sodium Oxalate Na,C,0, 0.0075 0.0115 0.0014

Sodium"Ni&gtc e NaNO_o,)\g;\{ 3.5644 2«72? sl 0.1810

_ Sodium Nitrite . NaNQ, | - 02700 0413 | 1 0.0368

Sodium Carbonate Co, | 03260 0.274 0.0966 0.147
Glycolic Acid C,H,04 0.0075 0.0115 - 0.0010 - -

- Sodium Hydroxide: NaOH = | 0.176l 0952 . D4502 02630 - 0.0051
Cobaltous Nitrate Co(NO;), - - - - - 0.0000242 - - -
Nickel Nitrate Ni(NOs), - - - - - 0.00007 - - -
Boric Acid H;BO; - - - - 0.0008 0.0006 0.0003 - -
Potassium Molybdate K;Mo0O, - - - - - 0.00003 0.00001 0.0005 -
Zirconyl Nitrate ZrO(NOs), - - - - - 0.0000049 - - -
Tributyl phosphate C|,H,,0,P - - - - - 0.0049 - - -
1-Butanol C4H,OH - - - - - 0.0125 - - -
Dibutyl Phosphate CsH,oO4P - - - - - 0.0125 - - -
Ammonium Acetate NH,CH;COO - 0.0040 0.008 - - - - - -
Iron Nitrate, 9-Hydrate Fe(NO;),.9H,0 - - 0.00002 - - - - - -
Zinc Nitrate, 6-Hydrate Zn(NO,),.6H,0 - - 0.00007 - - - 0.00003 - -
Sodium Bicarbonate - - - - - - - 0.0120 -

NaHCO3

0 "A9Y ‘S0SLE-1dd-ddd
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Prior to CPP and potentiostatic testing, the OCP was monitored for 18 hours. The start potential
for the CPP tests was -100 mV vs. OCP. The scan was reversed at 1V vs. SCE or if the current
reached ImA/cm®. A scan rate of 0.17mV/s (0.6 V/h) was used. For the potentiostatic testing,
the sample was polarized to an anodic potential for the desired amount of time.

When a test was completed, the specimen was removed from the test solution, rinsed with
deionized (DI) water, and then dried with nitrogen gas. If visible corrosion products were present
on the specimen surface, the specimen was ultrasonically cleaned in acetone for five minutes,
rinsed with DI water, and dried with nitrogen. The post-test appearance of the specimen was
photographically documented to show any evidence of corrosion attack. In some cases, the test
specimen was examined using a scanning electron microscope (SEM) in addition to examination
using optical stereomicroscopy. Finally, the tested specimens were stored in separate specimen
bags in a desiccator for possible further analysis.

3.1 SLOW STRAIN RATE TESTING

All SSRTs were performed according to the guidelines provided in ASTM G129-007 using
cylindrical tensile specimens at a constant extension rate of 10 in/in-s (unless otherwise noted).
To perform the tests, the specimen was placed in a Teflon®® test cell and the load was applied
using grips that entered the cell through sliding seals. This assembly was then inserted into the
load frame, after which the solution of interest was introduced and heated to 50 °C. Tests were
conducted at open circuit or at an applied potential against a SCE reference electrode that was
maintained at room temperature using a Luggin probe/salt bridge filled with the test solution. A
platinum flag was used as a counter electrode. All of the SSRTs were performed under quiescent
air conditions; i.e., exposed to air with no gas sparging.

The test specimens were pulled to failure. The stress-strain curves provided in the following
results sections are for reference purposes. However, the time-to-failure and the strain-at-failure
of the specimens did not always clearly indicate the presence of SCC. Also, the degree of SCC
was not easily established from these parameters. Therefore, the occurrence of SCC was always
confirmed by both visual inspection and SEM examination. Examination of the specimens after
failure consisted of examination in a stereographic optical microscope at 10 — 63x, and a SEM.
The fracture surface of each of the test samples was examined using the SEM to identify regions
of intergranular fracture, indicative of high pH SCC.

3.2 Kiscc AND CRACK GROWTH RATE TESTING USING COMPACT
TENSION SPECIMENS

Kscc and CGR tests were performed using pre-cracked %2-T (0.5 inch wide) CT specimens
(Figure 5). The objective of these tests was to determine the Kyscce for the steel in various

" ASTM G129-00, 2006, Standard Practice for Slow Strain Rate T esting to Evaluate the Susceptibility of Metallic
Materials to Environmentally Assisted Cracking, American Society for Testing and Materials, ASTM International,
West Conshohocken, PA.

8 Teflon® is a registered trademark of DuPont in the United States and other countries.
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simulants. The Kyscc could then be related to the maximum K; expected for a variety of flaw
sizes in the tank. This would aid in the determination as to whether or not there is an integrity
concern for the tank. The CGRs estimated in these tests can also be used to approximate the time
for any growing flaw to go through-wall. The term Kyscc refers to a “threshold.” The term Kiscc
1s not used because the test procedure utilized for this investigation does not satisfy the
requirements of ASTM E1820. In particular, samples were not wide enough to ensure plane
strain conditions, which are necessary for a valid K;scc determination.

Previous tank chemistry studies had been performed using a constant tensile load. Constant
tensile load testing was not performed in the current investigation because of the difficulties
associated with the determination of Kyscc in tank waste simulants with this technique. Results
from previous testing showed some inconsistencies in estimated Ky,scc from the different tests. In
some cases, direct current potential drop (DCPD) indicated negative crack growth due to build up
of corrosion product in the crack mouth. To avoid the difficulties, the approach was modified to a
“dynamic-K” test. The dynamic K-tests were initiated with a constant displacement rate rather
than a constant load. At the onset of cracking or a predefined K, the displacement was held
constant for several weeks or months. Tests were concluded when evidence of crack growth and
a declining K were observed or a sufficient length of time had elapsed (~5 months) to imply no
cracking in the test sample. The advantage of the technique is that both K¢scc and CGR can be
estimated from the same test data, provided that some crack growth occurs during the test.

The dynamic-K tests were performed using the same loading frames as those used in the SSRTs.
The dynamic-K tests were run at approximately 5 x 10 in/s, which was substantially slower than
the nominal extension rate of 10 in/s used for SSRTs. The time frame for the dynamic load
experiments ranged from several weeks to several months because of the slow loading rate to a
specified K value and longer hold time. Comparatively, the constant load tests typically
concluded within 30 days.

Dynamic-K experiments were conducted at 50°C in Teflon cells that contained the desired
solutions. Tests were carried out either at open circuit or an applied potential. The OCPs were
continuously monitored with a high impedance voltmeter and a reference electrode (SCE). The
reference electrode was maintained at room temperature in a separate container that was
connected to the test cell by means of a Luggin probe/salt bridge filled with the test solution. For
the tests at applied potential, a platinum flag counter electrode was included in the test cell while
a potentiostat was used to maintain the potential at the desired value.

The applied load and displacement for the test samples were monitored and recorded continuously
throughout the experiments. Additionally, the DCPD was monitored as a means to estimate crack
growth in situ. The DCPD technique involves the application of a constant current (in this case
20A) through the specimen while the potential drop across the two sides of the crack is recorded.
Any crack propagation during the test will increase the resistance across the sample and this will
be reflected by a change in potential drop. The increase in crack length is calculated from the
potential drop and sample geometry using the Johnson equationg.

® Johnson, H. H. “Calibrating the Electric Potential Method for Studying Slow Crack Growth,” Materials Research
and Standards, Volume 5, No 9, September 1965, pp 442-445,
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To monitor crack propagation and growth, both the DCPD measurements and load measurements
were used. A significant DCPD (beyond the noise in the data) was interpreted as crack growth.

A reduction in the loading rate during loading or a reduction in load during the hold time was also
interpreted as crack growth, as it indicates an increase in specimen compliance. Tests were
carried out until cracking was detected by load and/or DCPD measurements or until a predefined
limit of K was reached.

Following testing, the samples were sectioned longitudinally. Half of the sample was mounted
and prepared for metallographic examination, while the other half of the sample was cooled in
liquid nitrogen, and then overloaded to failure. The fracture surfaces were examined using the
SEM for evidence of intergranular fracture features, which are indicative of SCC as described
above for the SSRT specimens.

The morphology of the fracture surfaces observed in the SEM reveals whether crack growth has
occurred. In particular, facture surfaces were examined for intergranular features, which are
indicative of high pH SCC. Four types of fracture surfaces are expected during examination of
the samples: transgranular fatigue (pre-crack), transgranular ductile (tearing during the test),
intergranular (SCC), and transgranular brittle overload (fracture of the specimen in liquid
nitrogen). From the inspection of the fracture surfaces, the known test conditions, and the load
and DCPD data, estimates of both Knscc and CGRs are generated provided there was some crack
propagation. If no crack propagation is observed, then it is known that Kegscc is higher than the K
applied in the test.

4.0 RESULTS AND DISCUSSION

4.1 ELECTROCHEMICAL POLARIZATION BEHAVIOR IN TANK 241-AP-
105 BASED SIMULANTS

Table 5 summarizes the results of the electrochemical tests conducted in FY2008 AP-105-PSC
based simulants, including standard AP-105-PSC simulants, AP-105-Evaporated simulants, and
AP-105-Mixed simulants as well as their modified versions.

4.1.1 Cyclic Potentiodynamic Polarization Behavior

Figure 6 (a) is the CPP curve obtained with a fully immersed specimen in deaerated AP-105-PSC
at 50°C and at pH above 13. This simulant contains 0.27 M nitrite ion and 3.58 M nitrate ion
(nitrite-to-nitrate concentration ratio of 0.075). As shown in Figure 6 (a), the polarization curve
showed a wide passive region before the increase in the current. This area of increased current is
shown with more detail in Figure 6 (b). A small positive hysteresis loop was observed but no
pitting corrosion was noted on the post-test sample. This implied that the increase in current at
approximately 500 mV (vs. SCE) was not associated with localized corrosion but the oxidation of
electro-active species in this simulant.
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Table 5. A Summary of Electrochemical Tests Performed in AP-105-PSC Based Simulants. (2 sheets)

. NO; | NOy TIC OH Cr F T Aeration . . Sample ID
Base Chemistry | PH ' 'y oy | o | " | o | » | cO condition Testing type Visual (#EL1196-)
‘ CPP -
AP-105-PSC >13 | 027 | 3.58 0.326 0.176 0.03 0.009 50 N; purging Full immersion No pitting 54
AP-105-PSC >13 | 027 | 358 | 0326 | 0176 | 003 | 0009 | 50 N, purgin CPP No pittin 60
: ' ) : ' : 2 purging Full immersion pitting
AP-105-PSC >13 | 027 | 358 | 0326 | 0176 | 003 | 0009 | 50 N, purging Potentiostatic at 0 mV No pitting 63
AP-105-PSC >13 | 027 | 358 | 0326 | 0176 | 003 | 0009 | 50 N; purging CPP Crevice corrosion 64
Full immersion
AP-105-PSC >13 0.27 3.58 0.326 0.176 0.03 0.009 50 N, purging Potentiostatic at 0 mV Crevice corrosion 65
AP-105-PSC >13 | 027 | 358 | 0326 | 0176 | 003 | 0009 | 50 Quiescent Air Potentiostatic at 0 mV, half _ Severeattack at 66
immersion liquid/vapor interface
AP-105-PSC >13 | 06 | 358 | 0326 | 0.176 | 003 | 0009 | 50 Quiescent Ajr | Fotentiostatic at 0 mV, half Corrosion 7
mmersion
AP-105-PSC >13 | 027 | 358 | 0326 | 0176 | 003 | 0009 | 50 N, purging Potentiostatic at 0 mV, half Corrosion 73
mmersion
AP-105-PSC >13 | 027 | 358 | 0326 | 0176 | 003 | 0009 | 50 Quiescent Air Cpp Corrosion 75
Half immersion
AP-105-PSC >13 | 027 | 358 | 0326 | 0176 | 003 | 0009 | Room | QuiescentAir | Fotentiostaticat0mV, half Corrosion 76
mmersion
. . Potentiostatic at 100 mV vs. .
AP-105-PSC >13 | 027 | 3.58 0.326 0.176 0.03 0.009 50 Quiescent Air OCP, half immersion Corrosion 77
AP-105-PSC >13 | 027 | 358 | 0326 | 0176 | 003 | 0009 | Room | Quiescent Air cpp No pitting 81
’ : ’ ' ' ’ Full immersion
AP-105-PSC >13 | 027 | 358 | 0326 | 0176 | 003 | 0009 | 50 Quiescent air Potentiostatic at 0 mV Minor corrosion 91
Half immersion
AP-105-PSC >13 0.27 3.58 0.326 0.176 0.03 0.009 50 Zero air purging oce Corrosion 84
: ’ ’ : ' ) Half immersion
High Purity Ar OCP .
AP-105-PSC >13 | 027 | 358 | 0326 | 0.176 | 003 | 0009 | 50 ey Half i Corrosion 85
AP-105-PSC >13 | 027 | 358 | 0326 | 0176 | 003 | 0009 | 50 N, purgin oce Corrosion 86
' : ; : ’ ’ 2 purging Half immersion
AP-105-PSC >13 | 027 | 358 | 0326 | 0176 | 003 | 0009 | 50 Quiescent ai oce Interface attack 83
- - .. . . . R R uiescent air Half immersion

* This reflects the concentration prior to pH adjustment.

0 A9y ‘S0SLE-LdY-ddd



104

Table 5. A Summary of Electrochemical Tests Performed in AP-105-PSC Based Simulants. (2 sheets)

. NO; | NOs TIC OH Cr F T Aeration . . Sample ID

Base Chemistry | pH | '\ 'y | o | o | o | ) | o condition Testing type Visual (#EL1196-)

Potentiostatic at 50 mV vs.
AP-105-PSC >13 027 358 0.326 0.176 0.03 0.009 Room Quiescent air OoCP Corrosion 92
Half immersion
AP-105-PSC >13| o0 | 385 | 0326 | 0176 | 003 | 0009 | 50 N; purging CPP Pitting 93
Full immersion
. 041 | 285 0.03 . CPP .

AP-105-Mixed >13 3 - 0274 0.952 9 0.026 50 N, purging Full Immersion No pitting 98
AP-105-Evaporated | 14 0'67 33 ‘;’8 0489 | 167 | %% | 0047 | 50 N, purging CPP No pitting 99
AP-105-Evaporated 5.08 0.06 . CPP "

(Nitrite/Nitrate=0.1) 14 0.51 7 0.489 1.67 9 0.047 50 N, purging Full immersion No pitting 105

AP-105-Mixed 2.85 0.03 . CPP -

(Nitrite/Nitrate=0.1) >13 0.28 7 0.274 0.952 9 0.026 50 N, purging Full immersion No pitting 106

AP-105-PSC >13 | 027 | 358 | 0326 | 0.176 | 003 | 0.009 50 Zero air OCP Minor corrosion 94
Blanket Half immersion

AP-105-PSC >13 | 027 | 358 | 0326 | 0176 | 003 | 0009 | 50 High Purity Ar OCP Minor corrosion 95
blanket Half immersion

AP-105-PSC >13 | 027 | 358 | 0326 | 0176 | 003 | 0.009 50 N; blanket OCP Minor corrosion 9%
Half immersion

AP-105-PSC >13 | 027 | 358 | 0326 | 0176 | 003 | 0009 | Room | Quiescent air OocP Interface attack 97
Half immersion

AP-105-PSC >13 | 027 | 3.58 | 0326 | 0176 | 003 | 0.009 50 Quiescent air cpp Pitting 102

Full immersion

* This reflects the concentration prior to pH adjustment.
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Figure 6. The CPP Curve in Nitrogen Deaerated AP-105-PSC Simulant
(T=50°C and pH>13).
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Figure 7 shows a comparison of the CPP curves obtained in deaerated AP-105 mixed and
evaporated simulants at 50°C. These simulants have a higher nitrite-to-nitrate ratio (0.14) than
the standard AP-105 simulant (0.075). The CPP curves showed a tiny hysteresis loop. No pitting
corrosion was observed on the sample after CPP testing. Similar to the observation in
AP-105-PSC, therefore, the hysteresis loop was not associated with localized corrosion but most
likely with the electrochemical oxidation and reduction of other electro-active species in the
simulants.

Figure 8 is a comparison of the CPP curves obtained in the AP-105 evaporated and mixed
simulants with nitrite-to-nitrate concentration ratio of 0.1. No clear positive hysteresis loops were
noted in either CPP curves and the samples tested in both simulants did not show any indication
of localized corrosion.

Figure 7. CPP Curves in Nitrogen Deaerated AP-105 Mixed
and Evaporated Simulants at pH 14 and 50°C.
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Figure 8. CPP Curves Obtained in Nitrogen Deaerated AP-105 Evaporated and Mixed with
Nitrite-to-nitrate Concentration Ratio of 0.1 (pH 12+ and T=50°C).
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The lack of localized attack on the samples tested in the AP-105 based simulants was likely a
result of relatively high hydroxide concentration and the combined inhibition from both nitrite
and other inhibitory species. In the previous AN-107 program, at nitrite/nitrate ratio of 0.095, a
value slightly higher than that in AP-105-PSC, severe pitting was noted and the repassivation
potential was more negative than OCP. Although the nitrite/nitrate concentration ratio in the
AP-105-PSC is lower than 0.095, the pH was significantly higher than the AN-107 simulant.
Furthermore, other inhibitory species, such as aluminate, were present in the AP-105 simulant but
not in the AN-107 simulants. The combined effect from all these differences very possibly
caused the difference in the observed polarization behavior (i.e., different repassivation potential
and the extent of localized attack). Similarly, although the nitrate concentration in the evaporated
simulant is 5.087 M, a significantly higher value than other simulants investigated to date, no
pitting corrosion was noted on the CPP specimen. Thus, it appears that nitrite, combined with
other inhibitory species (e.g., hydroxide, aluminate), efficiently inhibited localized corrosion in
the evaporated simulant.

4.1.2 Liquid/Vapor Interfacial Corrosion in AP-105-PSC

Figure 9 is a comparison of the CPP curves obtained in AP-105-PSC simulant when the specimen
was partially immersed in quiescent air conditions and fully immersed in deaerated conditions.
The sample was partially immersed to create a liquid/vapor interface that simulated the sample
configuration in the SSRTs. In the SSRTs, which were all performed in quiescent air conditions,
a liquid/vapor interface was present and severe attack at the interface was observed after
polarizing to 0 mV vs. SCE at 50°C for approximately 60 hours in the AP-105-PSC simulant.
Details of the SSRT results are discussed in the following section. Also, the investigation of
corrosion at the interface could provide insight into the integrity evaluation of the waste storage
tanks because a liquid/vapor interface will be present at the supernate level in the tank. As
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mentioned above, a slightly positive hysteresis loop was observed when the sample was fully
immersed in the deaerated simulant. However, the CPP curve for the partially immersed
specimen in quiescent conditions exhibited a large hysteresis. The post-test inspection of the
partially immersed sample revealed corrosion at the bottom of the sample, near the liquid/vapor
interface, and the portion exposed to the vapor phase (Figure 10). The attack at the liquid/vapor
interface was further investigated in a set of potentiostatic tests, as will be discussed below.

Figure 9. A Comparison of CPP Curves in Nitrogen Deaerated AP-105-PSC Simulant at
Different Nitrite and Nitrate Concentrations (pH=13+, T=50°C).
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Figure 10. Sample Appearance after CPP Testing in AP-105-PSC Simulant under
Quiescent Air Conditions (pH=13+, T=50°C).
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Figure 11 shows the current change as a function of time when a partially immersed sample was
polarized at 0 mV vs. SCE for 50 hours (pH>13, T=50°C) in an AP-105-PSC simulant under
quiescent conditions. The current measured in the potentiostatic test showed a sharp increase
shortly after the potentiostatic test began. Severe corrosion attack was noted on the sample at the
liquid/vapor interface, as shown in Figure 12 (a). Corrosion attack was also observed on the
specimen areas that were above the liquid/vapor interface (Figure 12 (b)). The observed
corrosion attack was similar to that observed on the SSRT sample when exposed to the same
simulant under quiescent air conditions. In contrast, no corrosion was noted on a fully immersed
sample in the same environment and conditions. The measured current density remained low
indicating passive conditions throughout the test, as shown in Figure 13.

Figure 11. The Change in the Current as a Function of Time when the Partially Immersed
Sample Was Held at 0 mV vs. SCE (AP-105-PSC, pH>13, T=50°C, Quiescent Air
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Figure 12. The Sample Appearance after S0 Hours of Potentiostatic Testing at 0
mV vs. SCE in the AP-105-PSC Simulant (pH>13, T=50°C, Quiescent Air
Conditions).

(a) Corrosion at Liquid/vapor Interface; (b) Corrosion on the Portion above the
Liquid/vapor Interface.

(a) (b)
Solution line
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Figure 13. Current as a Function of Time for Fully Immersed Sample Polarized at 0 mV
vs. SCE in AP-105-PSC Simulant (T=50°C, pH>13) Under Quiescent Air Conditions.
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The contrasting results of severe corrosion attack for the partially immersed specimen and no
corrosion attack for the fully immersed specimen are likely related to chemical reactions
occurring at the interface. Typically, materials corrode more readily (at a higher rate) at a
liquid/vapor interface than in the bulk in an aggressive environment. This is because oxygen is
more readily available at the interface than in the bulk solution, allowing oxygen to contribute
more significantly to the cathodic reaction (assuming oxygen reduction dominates the cathodic
kinetics). However, when a sample is polarized to a noble potential (e.g., 0 mV vs. SCE as it was
in these experiments), it is expected that all the cathodic reactions would be displaced to the
counter electrode. This indicates that the fully immersed and partially immersed specimen should
have similar cathodic reactions (as well as similar anodic reactions). Therefore, it is possible that
some unknown reactions at the interface created a locally aggressive environment that resulted in
severe corrosion attack of the partially immersed specimen.

While corrosion attack was noted at the liquid/vapor interface in quiescent air, the extent of
corrosion attack was greatly decreased when the nitrite concentration was increased to 0.6M. The
observed decrease in current density with the higher nitrite concentration is shown in Figure 14.
Minimal corrosion attack was observed for this condition as shown in Figure 15.

Similarly, the current densities under deaerated conditions were lower than under quiescent
conditions for the AP-105-PSC simulant with 0.27 M nitrite, as shown in Figure 16. The
corrosion attack on the samples tested in deaerated simulants was also less severe than that
observed under quiescent air conditions (see Figure 17). Additionally, the corrosion attack was
noted to be less severe when the solution was actively sparged with nitrogen (Figure 16 and
Figure 17). Note that in the test for the sample shown in Figure 17, though, the interface was
actively disturbed and mixed with the bulk solution under the gas purging.
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Figure 14. A Comparison of the Change in the Current as a Function of Time in the
Potentiostatic Tests Conducted in AP-105-PSC Simulants with Different Nitrite
Concentrations at 50°C and Quiescent Air Conditions.
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Figure 15. The Sample Appearance after Potentiostatic Test at 0 mV
(vs. SCE) in the AP-105-PSC Simulant with 0.6 M Nitrite for 50 Hours
(Sample Partially Immersed) at 50°C Under Quiescent Air Conditions.
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Figure 16. A Comparison of the Current Density as a Function of Time in the
Potentiostatic Tests Conducted at 0 mV (vs. SCE) in Quiescent
and Nitrogen Purged AP-105-PSC Simulants at 50°C.
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Figure 17. The Sample Appearance after Potentiostatic Test at 0 mV (vs. SCE) in Nitrogen
Deaerated AP-105-PSC Simulant for 50 hours (Sample Partially Immersed) at 50°C.

Initially, it was thought that the rapid corrosion observed at the liquid/air interface was linked to
the oxidation of nitrite in the presence of oxygen. However, corrosion at the interface was still
observed in one test in which the head space of the test cell was purged with nitrogen to eliminate
oxygen (i.e., the solution was not agitated). The current change as a function of time is shown in
Figure 18 and the sample appearance after the potentiostatic test is shown in Figure 19. This
demonstrated that the attack at the interface at 0 mV vs. SCE could still occur in the absence of
oxygen. It also indicated that the role of nitrogen when actively purging the simulant was to
primarily mix the bulk solution and the interface environment so that the local aggressive
environment could be eliminated. Thus, it seems necessary to have a stable liquid/vapor interface
to maintain the local chemistry at the interface in order to observe the corrosion attack as shown
in Figure 12.
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Figure 18. The Current Density as a Function of Time in the Potentiostatic
Tests Conducted at 0 mV (vs. SCE) in AP-105-PSC Simulants with the
Head Space of the Test Cell Purged with Nitrogen at 50°C.
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Figure 19. The Sample Appearance after the Potentiostatic Tests
Conducted at 0 mV (vs. SCE) in AP-105-PSC Simulants with the
Head Space of the Test Cell Purged with Nitrogen at 50°C.
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The extent of corrosion attack at the liquid/vapor interface at a polarized potential decreased
significantly with a decrease in temperature from 50°C to room temperature. Figure 20 shows a
comparison of the current density as a function of time at room temperature (~25°C) and 50°C at
0 mV vs. SCE with quiescent air in the head space. Although corrosion was noted when the
solution was at room temperature and at 0 mV vs. SCE, the extent of corrosion was much less
severe compared to 50°C and 0 mV vs. SCE (Figure 22 (a) vs. Figure 12). The current density at
room temperature did increase dramatically after approximately 33 hours of exposure (Figure 20),
while at a temperature of 50°C under the same conditions, the current increased within the first
few hours, indicating the onset of corrosion.

The applied potential also had an impact on the onset of corrosion initiation at the liquid/vapor
interface. Figure 21 shows that corrosion initiation took approximately 10 hours to appear at the
interface when polarized to 100 mV vs. OCP (-204 mV vs. SCE) at 50°C and under quiescent air
conditions. Comparatively, the current increased (i.e., corrosion initiated) within a few hours at
0 mV vs. SCE at 50°C in quiescent air conditions. A similar trend was observed at room
temperature. In Figure 21 (b), the current did not increase within 50 hours of exposure at room
temperature with an applied potential of 50 mV vs. OCP (-160 mV vs. SCE). However an
increase in the current was noted after 33 hours at room temperature and an applied potential of
0 mV vs. SCE. Figure 22 (b) shows minimal corrosion attack at the interface for the S0mV

vs. OCP potentiostatic polarization at room temperature and quiescent air conditions. As
expected from the current transient data, the corrosion attack for the 0 mV vs. SCE, room
temperature, quiescent air case (Figure 22 (a)) was more severe; however, the overall corrosion
damage to both specimens was not substantial.

Figure 20. Current as a Function of Time in Potentiostatic Tests Conducted
at Different Temperature Levels and Quiescent Air Conditions.
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Figure 21. Current Density as a Function of Time in the Potentiostatic
Tests Conducted in AP-105-PSC Simulants Under Quiescent Air Conditions
at (a) 0 mV (vs. SCE, 50°C) and 100 mV (vs. OCP, 50°C); (b) 50 mV
(vs. OCP, Room Temperature) and 0 mV (vs. SCE, Room Temperature).
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Figure 22. Sample Appearance after 50 Hours Potentiostatic Testing in AP-105-PSC
Simulant at Different Potentials (Under Quiescent Air Conditions, Room Temperature).
(a) 0 mV vs. SCE; (b) 50 mV vs. OCP (-160 mV vs. SCE).

(b)

To further investigate the corrosion attack at the liquid/vapor interface in the AP-105-PSC
simulant, long-term immersion tests were performed with the samples partially immersed in the
simulant to create a liquid/vapor interface. The effect of gas purging (through the bulk solution
and the cell head space), temperature levels (room and 50°C), gas types (quiescent, compressed
zero air, nitrogen and argon) on the interfacial corrosion susceptibility and extent were of
particular interest. Figure 23 compares the corrosion rates of the samples that were partially
immersed in the AP-105-PSC simulant at different conditions. It should be noted that the
corrosion rate was calculated using the exposed surface area. This tends to underestimate the
corrosion rate since the corrosion attack usually focused at the liquid/vapor interface or a few
local sites. The samples exposed to the simulant open to the ambient air showed evident attack at
the liquid/vapor interface (Figure 24 and Figure 25) and the extent of corrosion was less at room
temperature. The corrosion rates at the other conditions (e.g., purged with nitrogen, argon and
compressed zero air) did not differ from each other significantly. Additionally, the corrosion
attack on the samples partially immersed in the actively sparged simulants were mainly located on
the portion exposed to the vapor space region. Conversely, the corrosion was widely spread to
the entire sample surface in cases where the solution remained stagnant or only the head space of
the cell was purged with gases. These differences in the amount and mode of attack may suggest
that the mixing of the bulk solution and the interface solution may have prevented the formation
of a relatively aggressive environment adjacent to the sample surface.

It was also noted that the samples exposed to solutions with oxygen behaved differently. When
the solution was open to the ambient air, the corrosion attack was more severe at an elevated
temperature than at room temperature. In the case where the oxygen was introduced by actively
purging the solution using zero air (i.e., air without CO), the corrosion was minor as the mixing
of the interface with the bulk likely prevented the locally aggressive environment from forming.
When the head space of the cell was purged with zero air, the corrosion attack was still not as
severe as that in the solution open to the ambient air. Since the pH of the bulk solution did not
change dramatically after the exposure, as shown in Table 6, it is not clear whether the local pH
change at the interface played a significant role on the initiation of the attack at the interface.
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Figure 23. Corrosion Rate Calculated Based on Weight Loss for the Samples
Partially Immersed in the AP-105-PSC Simulants Under Freely Corroding
Conditions for More than Three Months (T=50°C Unless Noted Otherwise).
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Figure 24. The Appearance of the Sample (a) and the Cross Section of a
Corroded Site (b) after Exposed in AP-105-PSC under Quiescent Air Conditions
(Sample Partially Immersed, T=50°, EL1196-83).
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Figure 25. The Appearance of the Sample (a) and the Cross Section of a
Corroded Site (b) after Exposed in AP-105-PSC under Quiescent Air Conditions
(Sample Partially Immersed, Room Temperature, EL.1196-97) at OCP.

(b)

(a)

Table 6. The Bulk pH Values of the Simulant after the Long-Term Immersion Tests.

Exposed sample Solution pH after test
EL1196-83 13.28
EL1196-84 13.23
EL1196-85 13.32
EL1196-86 13.21
EL1196-97 13.32
EL1196-94 13.4
EL1196-95 13.44
EL1196-96 13.38

The interfacial corrosion appears to be a complicated process and the exact mechanism is still
uncertain without conducting a comprehensive investigation. Based on the results obtained to
date in the present work, several mechanisms are possible, as discussed below.

(a). Nitrite depletion through oxidation at a polarized potential

Severe attack at the interface in deaerated AP-105-PSC simulants at polarized potentials above
OCP may be able to convert the inhibitory nitrite locally to nitrate. Thus, a locally aggressive
environment could be formed. It has been demonstrated above that the interfacial attack strongly
depends on the applied potential. Typically, a more positive polarized potential led to more
severe attack with a shorter initiation time. The depletion of nitrite could be linked to the
oxidation of nitrite to nitrate via the electrochemical reaction below:

38



RPP-RPT-37505, Rev. 0

NO; +H,0 —> NO; +2H" +2¢”
E(NO; / NO; ) = 0.835 — 0.000198Tp H +0.0000997 log([ NO; 1/[NO; 1)

The equilibrium potential for this half reaction is listed in Table 7. Clearly, a polarization of 0
mV vs. SCE and 50 mV vs. OCP (-160 mV vs. SCE) are both sufficiently noble to oxidize nitrite
to nitrate and the oxidation is still thermodynamically possible even at some OCPs. Although
nitrite oxidation can occur anywhere on the immersed electrode surface, the local depletion can be
compensated by the nitrite in the bulk solution through mass transport. At the liquid/vapor
interface, however, the mass transport may be limited such that a local low nitrite environment
can be maintained to form an aggressive environment.

Table 7. The Equilibrium Potential of Nitrite and Nitrate Redox Couple as a Function of
Temperature at pH 13.5 (Nitrite=0.27M, Nitrate=3.58M).

T (°C) E (V vs. SCE)
25 -0.170
50 -0.235

To illustrate that the depletion of nitrite and a corresponding increase in nitrate concentration
compared to the bulk AP-105-PSC simulant solution could lead to a more corrosive environment,
a modified AP-105-PSC simulant was created in which the nitrite was removed and the nitrate
concentration was increased to 3.85 M. This high nitrate content represents complete conversion
of nitrite to nitrate. CPP testing showed an open hysteresis loop (Figure 26) with severe localized
corrosion attack noted, as shown in Figure 27. Clearly, the depletion of nitrite can lead to a very
aggressive environment. The CPP curve shows a repassivation potential more negative then the
OCP, indicating that localized corrosion may occur at open circuit. This could be a plausible
explanation for the observation of severe corrosion in the vapor phase and interfacial regions on
some samples.

Figure 26. A Comparison of CPP Curves in Nitrogen Deaerated AP-105-PSC Simulant at
Different Nitrite and Nitrate Concentrations (pH=13+, T=50°C).
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Figure 27. The Sample Appearance after CPP Testing in Nitrogen Deaerated
AP-105-PSC with No Nitrite and 3.85 M Nitrate (pH=13+, T=50°C).

(b). Oxygen enhanced corrosion and possible nitrite depletion

In general, increased oxygen concentration results in higher corrosion rates. Furthermore, the role
of oxygen is uncertain in the process of nitrite depletion. Oxygen may be a promoter for the
nitrite depletion to aid in creating a more corrosive environment. As shown Figure 28, the CPP
curve in AP-105-PSC simulant under quiescent air conditions and 50°C showed a positive
hysteresis loop and the sample showed pitting corrosion (Figure 29). In the long-term immersion
tests, however, the samples immersed in the simulants purged by compressed zero air (no CO,)
did not show appreciable corrosion attack. These observations seem to indicate that the presence
of oxygen may have no strong influence on the liquid/vapor corrosion process. Rather, the
presence of CO; in the quiescent air coupled with evident corrosion, and the lack of CO, and
observable corrosion in the zero air (and nitrogen), suggests that CO, may be the controlling
species in liquid/vapor corrosion process.

Figure 28. A Comparison of the CPP Curves Obtained in the AP-105-PSC Simulant under
Different Aeration Conditions using Fully Immersed Samples.
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Figure 29. The Pit on the Sample Tested in the AP-105-PSC Simulant Under Quiescent Air
Conditions and at 50°C (pH=13+).

(b). Local pH change causes an aggressive environment

In the long-term immersion tests, the samples immersed in the simulants under quiescent
conditions (open to air) showed appreciable interface attack. However, when the solution or the
cell head space was purged with zero air (compressed air without CO,), the corrosion attack was
minimal. This may indicate that the attack at the interface was due to a change in the interfacial
pH resulting from reaction with CO; in the air.

The results of the four tests in which oxygen and carbon dioxide were both excluded from the test
systems with the AP-105 simulant at 50 °C imply that one or both of these gases are required for
rapid corrosion at the liquid air interface. The results of the two tests carried out with air from
which carbon dioxide has been removed imply that the carbon dioxide content of air is the key
factor in determining the rate of the interfacial corrosion process. Because in the absence of
carbon dioxide the corrosion rate was low and since the bulk pH at the conclusion of these tests
was observed to be similar, it seems that interfacial corrosion is a localized phenomena and that
the rate of transport of hydroxide ion from the bulk solution to the corrosion site is insufficient to
neutralize the acidic influence of carbon dioxide in unmixed solutions. However, no confirmatory
chemical analysis has been performed to validate the proposed CO,/pH reduction mechanism.

4.2 SLOW STRAIN RATE TESTING IN TANK 241-AP-105 BASED
SIMULANTS

Table 8 summarizes the results of SSRTs performed in AP-105 based simulants. Variants include
“mixed” and “evaporated” simulants. Tests were performed at 50°C, at potentials of 0 mV and
-250 mV vs. SCE, and at OCP. In two cases the tests were stopped at the ultimate tensile strength
of the steel, in order to study the role of the strain in the development of intergranular SCC in the
gage sections of the samples. Replicate tests were conducted for some conditions.
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Table 8. A Summary of Slow Strain Rate Tests Performed in AP-105 Based Simulants.

Failure Failure x
Test " Temp Pot ocCp < < SEM Surface | Estimated CGR
Base Chemistry pH o Strain Time
ID ©0) (mV) (mV) (%) Giss) Exam (mm/sec)
50 AP-105-PSC 13+ 50 0 242 15.0 41.6 Visual
cracking
51 AP-105-PSC 13+ 50 OoCP 249 223 62.1 Scoondany 1.3x107
Crack IG
52 AP-105-PSC 13+ 50 OoCP 289 215 62.1 Ductile* =
53 AP-105-PSC 13+ 50 0 259 16.3 492 Visual 3x10%
cracking
54 AP-105-PSC | 13+ | 50 0 287 19.4 pp | vadl
cracking
59 AP-1G3- 13+ 50 oCP -510 21.2 59.0 Ductile =
Evaporated
60 AP-105-PSC** | 13+ 50 oCP 2T . 2 No cracking -
AP-105-
62 Evaporated 13+ 50 OCP 333 23.3 64.7 Ductile 2
(ratio 0.1)
g | AMEed | og.. 1 4 ocp | -259 232 643 | Ductile .
(ratio 0.1)
64 AP-105-Mixed | 13+ 50 OoCP 312 21.7 60.3 Ductile Z
65 AP-105-PSC** | 13+ 50 250 281 = = No cracking 5

*Secondary cracks were re-examined using the SEM, no apparent intergranular features
** Test was stopped at ultimate tensile stress

Figure 30 shows a plot of the stress-strain data from two of the slow strain rate tests, SSRT 50 and
51, performed in the AP-105-PSC base simulant. The specimens failed at 15.0 and 22.3 % strain.
The former failure strain is lower than expected for this grade of steel, and is indicative of reduced
cross-sectional area associated with severe corrosion attack during the testing. Visual and stereo-
graphic examination of the test specimens indicated severe corrosion, though the nature of the
corrosion was not typical of the corrosion that had been observed in previous testing.

42



RPP-RPT-37505, Rev. 0

Figure 30. The Stress-Strain Behavior of Samples Tested in AP-105-PSC Based Simulants
at 0 mV vs. SCE and at OCP (-249 mV vs. SCE).
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A fracture surface examination of the samples tested at OCP (SSRT 51 and SSRT 52) indicated
ductile failure. However, in SSRT 51, with an OCP of -249 mV vs. SCE, secondary crack
examination showed intergranular features, indicative of high pH SCC (Figure 31). Similar
behavior has been observed in previous testing, for example testing in modified AY-102
simulants with high nitrate contents when the specimen was polarized between -200 to

-300 Mv vs. SCE. In addition, some tarnishing was seen on the shafts of samples as shown in
Figure 32.

The intergranular features observed in the secondary cracks in the shaft of SSRT 51, tested in
AP-105-PSC simulant at OCP, were unexpected. SCC has not been observed in any tests
performed at OCP in waste simulants, including AN-107. One thought is that the sample may
have been overly strained to enable the formation of the side cracks. This overly strained
condition is unlikely to be relevant under normal tank operations. To investigate the role of
strain, SSRT 60 was performed in AP-105-PSC simulant at OCP, but the test was stopped at the
ultimate tensile strength. Post-test examination did not reveal any evidence of secondary cracking
(Figure 33).
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Figure 31. An Electron-Micrograph of a Secondary Crack in Test Sample SSRT-51
Performed in AP-105-PSC Standard Simulant at 50°C, pH 13+, and at OCP
(-249 mV vs. SCE).

Figure 32. A Stereo-Micrograph of the Test Sample from SSRT-51 Performed in
AP-105-PSC Standard Simulant at 50°C, pH 13+, and at OCP (-249 mV vs. SCE).
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Figure 33. A Stereo-Micrograph of the Test Sample from SSRT-60 Performed in
AP-105-PSC Standard Simulant at 50°C, pH 13+, and at OCP (-277 mV vs. SCE). The test
was stopped at the ultimate tensile strength.

It was also noted that the OCP in SSRT 51 was -249 mV and the OCP in SSRT 52 was -289 mV
vs. SCE. The test performed at the more noble potential was the one that had intergranular
features. To determine if the more noble potential and/or the increased strain was primarily
responsible for the SCC at OCP, SSRT 65 was performed in AP-105-PSC simulant at

-250 mV vs. SCE, and stopped at the ultimate tensile strength. No secondary cracking was
observed, indicating the SCC in SSRT 51 was most likely influenced by the high strain.

Examination of the fracture surface of the samples tested at 0 mV vs. SCE in the AP-105-PSC
simulant showed intergranular features, indicative of high pH SCC (Figure 34). The observation
of SCC at 0 mV vs. SCE is expected in a nitrate-based simulant, based on the results obtained in
the previous testing programs. Previous testing had demonstrated that steels were susceptible to
SCC in simulants containing high concentrations of nitrate and with low concentrations of
inhibiting nitrite.
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Figure 34. Electron-Micrograph of the Fracture Surface of Test Sample from SSRT-53
Performed in AP-105-PSC Standard Simulant at 50°C, pH 13+, and at 0 mV vs. SCE.
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Visual examination of the samples tested under polarizing conditions (0 mV vs. SCE) also
revealed severe corrosion on the sample above the gauge section (Figure 35 and Figure 36). A
close examination of the SSRT cell indicated that the corroded section was at the liquid/vapor
interface (Figure 37). Similar corrosion attack was observed in replicate tests. The discussion in
the earlier section suggests the attack at the interface may be a result of the depletion of the
inhibiting species (e.g., nitrite) or a reduction in the interfacial pH, both of which would result in
the formation of a locally aggressive environment.

Significant corrosion has not been observed during SSR testing except under highly aggressive
conditions in modified AN-107 simulants. Re-examination of the samples from testing in
AN-107 with decreased nitrite concentrations showed severe corrosion along the entire length on
the test sample, as opposed to just at the liquid/vapor interface. For those tests in the AN-107
program, however, the nitrite concentration was lower than 0.27 M while the simulant contained
comparable amount of nitrate. Thus, the environment was sufficiently aggressive to attack the
entire immersed portion. In the case of AP-105-PSC, it seems the nitrite concentration is near a
threshold level below which localized corrosion could initiate. Therefore, the corrosion was
observed at the liquid/vapor interface where even a slight decrease in nitrite or drop in pH could
change its concentration to be below the threshold leading to an aggressive environment.

Corrosion attack was also seen near the base of several test samples. This attack was originally
believed to be crevice corrosion associated with the seal between the test cell and sample.
However, further examination indicated the corrosion was higher up on the sample than the test
cell seal. Because a significant amount of corrosion product was observed at the interface (Figure
36), it was speculated that corrosion products may have accumulated at the base of the test cell
and contributed to creating an occluded region. This hypothesis, however, was not studied further
but is supported by the observation of corrosion products at the location of heavy corrosion.

What is unclear is if the buildup of corrosion products is the cause or the result (or both) of the
corrosion reaction at this location.
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Figure 35. Stereo-Micrograph of the Test Sample from SSRT-53 Performed in AP-105-PSC
Standard Simulant at 50°C, pH 13+, and at 0 mV vs. SCE.

Figure 36. Photograph of the Test Sample from SSRT-54 Performed in AP-105-PSC
Standard Simulant at 50°C, pH 13+, and at 0 mV vs. SCE.
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Figure 37. Photograph and Schematic of the Test Cell and Sample Indicating Regions of
Corrosion (Schematic Not To Scale).
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Tests performed in the AP-105 variants, that is mixed and evaporated simulants (SSRT 64 and
SSRT 59, respectively), showed no evidence of SCC. These simulants have nitrite/nitrate ratios
of ~0.14, so it was expected there may be SCC based on previous testing in the simulants with
low nitrite contents. The simulants were modified to further decrease the nitrite/nitrate ratio to
0.1 to study the SCC sensitivity to the chemistry. SSRT 63 and SSRT 62, performed in mixed
and evaporated simulants with a decreased nitrite content showed no evidence of SCC. Note that
all of these tests were performed at OCP, and potentials were lower than potentials at which SCC
has typically been observed.

4.3 ELECTROCHEMICAL POLARIZATION BEHAVIOR IN TANK
241-SY-103-PIL BASED SIMULANTS

Table 9 summarizes the results of a CPP test conducted in the SY-103-PIL baseline simulant that
investigated the susceptibility of the steel to localized corrosion in a simulant containing high
chloride (0.5M). The chloride concentration in this simulant is the highest among the simulants
that have been investigated thus far. No tests were performed in modified SY-103-PIL simulants.
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Table 9. A Summary of Electrochemical Test Performed in SY-103-PIL Based Simulant.

Base g | NO: [ NOy | TIC OH Cr F T Aeration o Sample ID
Chemistry | PH | o [ op | o | o | o | o | e | condition (#EL1196-)
SY 513 | 201 | 197 | 0123 | 243 | 05 | o 50 | Npurging | Nopitting 89

Figure 38 shows the CPP curve obtained in deaerated SY-103-PIL simulant at 50°C with a pH
above 13. The CPP curve showed a negative hysteresis loop. No pitting corrosion was noted on
the samples during post-test inspection. This phenomenon could indicate that there are other
inhibiting species present in this simulant (e.g., 2.91 M nitrite in SY-103-PIL and/or pH 13), even
though the chloride concentration in this simulant is high, 0.5 M.

Figure 38. A CPP Curve in Deaerated SY-103-PIL Simulant (pH>13 and T=50°C).
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44 SLOW STRAIN RATE TESTING IN TANK 241-SY-103-PIL BASED
SIMULANTS

Table 10 summarizes the results of the slow strain rate tests performed in SY-103-PIL simulants
in quiescent air. Tests were performed at S0°C, and potentiostatically polarized to 0 mV vs. SCE
or at OCP. Both tests were performed in the standard SY-103-PIL simulant. This simulant has
high nitrate (1.97 M) and nitrite (2.91 M) concentrations, as well as a high chloride (0.5 M)
concentration.

Table 10. A Summary of Slow Strain Rate Tests Performed in SY-103-PIL Based Simulants.

Failure Failure
Test % Temp Pot oCp . " SEM Surface | Estimated CGR
Base Chemistry pH o, Strain Time
ID 0) (mV) (mV) (%) (hrs) Exam (mm/sec)
55 SY-103-PIL 14 50 OCP 424 22.0 61.2 Ductile
57 SY-103-PIL 14 50 0 477 224 62.2 Ductile
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Figure 39 is a plot of the stress-strain data from the two tests. When polarized to 0 mV vs. SCE
the SSRT specimen failed at 22.4% strain. The specimen that was tested at open circuit failed at
22.0% strain. No evidence of SCC was observed in either of the tests. Both stereoscopic (Figure
40) and electron microscopic (Figure 41) examinations displayed ductile fracture features.
Examination of the secondary microcracks observed in the gauge section of the specimen
indicated no intergranular features. These results are consistent with CPP results already
discussed. That is, although chloride concentration is elevated in this simulant, other inhibiting

chemicals may still be able to prevent SCC.

Figure 39. The Stress-Strain Behavior of Samples Tested in SY-103-PIL
Based Simulants at 0 mV vs. SCE and at OCP (-424 mV vs. SCE).
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Figure 40. Stereo-Micrograph of the Test Sample from SSRT-57 Performed in SY-103-PIL
Standard Simulant at 50°C, pH 14, at a Potential of 0 mV vs. SCE. The yellow dashed
circles indicate axial microcracks observed on the shaft of the sample.
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Figure 41. Electron-Micrograph of the Fracture Surface of Test Sample
from SSRT-57 Performed in SY-103-PIL Standard Simulant at

50°C, pH 14, at a Potential of 0 mV vs. SCE.
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4.5 ELECTROCHEMICAL POLARIZATION BEHAVIOR IN TANK
241-AW-105 BASED SIMULANTS

Table 11 summarizes the CPP test conducted in the AW-105 baseline simulant. These tests were
aimed at investigating the susceptibility of the steel to localized corrosion in simulants containing

high fluoride concentrations (0.58M fluoride in the AW-105-PIL simulant) or a low nitrite-to-

nitrate concentration ratio (Nitrite/nitrate of 0.145 in the AW-105-PSC simulant). No tests were
performed using modified AW-105 simulants.

Table 11. A Summary of Electrochemical Test Performed in AW-105 Based Simulant.

Base H NO; NOy TIC OH" Cr F T Aeration Testin " Visual Sample ID
Chemistry P ™) ™M) ™) ™M) ™) ™M) | ©C) | condition exung P (#EL1196-)
. CPP -
AW-105-PIL | >13 | 0.124 | 0419 | 0097 | 04502 | 0.01 0.58 S0 | Npurging | .- . | Nopiting 90
AW-105-PSC | >13 | 0.0638 | 0.44 | 0.1076 | 0.2630 | 0.0083 | 0.156 | 50 | N,purging il No pitting 108
Full immersion

Figure 42 shows the CPP curve obtained in deaerated AW-105-PIL simulant at 50°C with a pH
above 13. The CPP curve showed a negative hysteresis loop and no pitting corrosion was noted
on the samples during post-test inspection even though the fluoride concentration in this simulants
is as high as 0.58 M. This indicates that either there are other inhibiting species present in these
simulant (e.g., pH 13) or that the concentration of the aggressive species (e.g., nitrate at 0.42 M)
is below a critical threshold above which localized corrosion would occur.
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Figure 42. A CPP Curve in Deaerated AW-105-PIL Simulant (pH>13 and T=50°C).
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Figure 43 is a CPP curves in deaerated AW-105-PSC simulant at 50°C. Again, no clear positive
hysteresis loop was observed on the curve and the sample did not show any indication of
localized corrosion. The lack of localized corrosion on the samples suggests that even though the
nitrite/nitrate ratio in this simulants is lower than other simulants investigated before, other
inhibitory species present in these simulants were able to efficiently prevent localized corrosion.
Additionally, the benign nature of these simulants with respect to localized corrosion may be a
result of the relatively low concentration of the aggressive nitrate.

Figure 43. A CPP Curve in Deaerated AW-105-PSC Simulant (pH>13 and T=50°C).
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4.6 SLOW STRAIN RATE TESTING IN TANK 241-AW-105 BASED
SIMULANTS

Table 12 summarizes the results of the SSRTs performed in AW-105 based simulants. Tests were
performed at 50°C and at OCP or potentiostatically polarized to 0 mV vs. SCE. Two tests were
performed in the base AW-105-PIL simulant. This simulant has a low nitrate (0.42 M) and nitrite
(0.12 M) concentration, as well as a high fluoride (0.58 M) content. Six tests were performed in
AW-105-PSC or PSC-modified simulant. The PSC simulant has a low nitrate (0.44 M) and low
nitrite (0.06 M) concentration. The PSC —modified tests were performed with either half the
typical nitrite, or with three times the typical nitrite and six times the typical nitrate. These
modifications were made to study the nitrite / nitrate ratio versus potential relationship.

Table 12. A Summary of Slow Strain Rate Tests Performed in AW-105 Based Simulants.

Te h Failu.re Fa?lure Fisie
“;‘ Base Chemistry pH T(:E‘)p (:lo\t,) (?nCvl; S::‘/:;n :;2; SEI\::"S::ace Estl(l'nn m/:ef)GR
56 AW-105-PIL 13+ 50 OoCP -290 223 62.0 Ductile -
58 AW-105-PIL 13+ 50 0 -193 21.7 60.3 Ductile -
66 AW-105-PSC 13+ 50 OCP -235 21.3 61.9 Ductile
71 AW-105-PSC 13+ 50 -100 -269 234 65.1 Ductile -
72 AW-105-PSC 13+ 50 -50 -210 21.9 60.8 Ductile
73 /:hwaitl’ gi-::)c 13+ 50 -100 217 22.5 65.4 Ductile -
74 AW-105-PSC “6X” 13+ 50 -100 -257 22.1 61.3 Ductile -
75 AW-105-PSC “6X” 13+ 50 -50 -270 85 23.6 22:3:?0[1

Figure 44 is a plot of the stress-strain data from the two tests performed in AW-105-PIL. When
polarized to 0 mV vs. SCE, the SSRT specimen failed at 21.7% strain. The specimen that was
tested at open circuit failed at 22.3% strain. Corrosion product was observed around axial micro-
cracks along the shaft of the test sample that was performed at OCP (Figure 45). These
microcracks have been observed in many of the previous test samples, and are attributed to grain
boundary tearing. No intergranular features were observed during SEM examination, as shown in.
Figure 46 and Figure 47, though it is possible that such features corroded away prior to
examination ( though this seems unlikely given the nominally benign nature of this simulant) The
test performed at 0 mV vs. SCE was also devoid of intergranular features on the fracture surface
(Figure 48); however, there was some interfacial corrosion along the shaft of the test specimen at
the liquid/vapor interface (Figure 49). Since the nitrite concentration in the AW-105-PIL is
relatively low compared to other aggressive species, the attack at the interface may be due to a
similar mechanism that led to the interface corrosion in the AP-105-PSC. That is, although the
existing nitrite concentration was able to inhibit localized corrosion in the bulk solution, in the
case that the nitrite concentration was decreased due to an unknown depletion mechanism at the
interface, the environment could become aggressive to cause localized corrosion.
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Figure 44. Stress-Strain Behavior of Samples Tested in AW-105-PIL
Based Simulants at 0 mV vs. SCE and at OCP (-290 mV vs. SCE).
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Figure 45. Stereo-Micrograph of the Test Sample from SSRT-56 Performed in
AW-105-PIL Standard Simulant at 50°C, pH 13+, at OCP (-290 mV vs. SCE). The yellow
dashed circles indicate axial microcracks observed on the shaft of the sample.
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Figure 46. Electron-Micrograph of the Fracture Surface of Test Sample from SSRT-56
Performed in AW-105-PIL Standard Simulant at 50°C, pH 13+, at OCP (-290 mV vs. SCE).
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Figure 47. Electron-Micrograph of an Axial Micro-Crack on the Shaft of
Test Sample from SSRT-56 Performed in AW-105-PIL Standard Simulant
at 50°C, pH 13+, at OCP (-290 mV vs. SCE).
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Figure 48. Electron-Micrograph of the Fracture Surface of Test Sample from SSRT-58
Performed in AW-105-PIL Standard Simulant at 50°C, pH 13+, at 0 mV vs. SCE.
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Figure 49. Stereo-Micrograph of the Shaft of Test Sample from SSRT-58 Performed in
AW-105-PIL Standard Simulant at 50°C, pH 13+, at 0 mV vs. SCE.

Tests in AW-105-PSC base simulants showed no evidence of SCC when performed at OCP,

-100 mV or -50 mV vs. SCE. Failure occurred between 21.3 and 23.4 %. Tests in the “6X”
simulant were performed with the same nitrite/nitrate ratio as the “half nitrite” modified simulant,
but with six times the absolute amounts of both nitrite and nitrate. This was done to explore the
relations between nitrite / nitrate ratio and absolute nitrate content versus potential. Figure 50 is a
plot of the stress-strain data from two of the tests performed in AW-105-PSC modified simulants.
The test performed at -100 mV vs. SCE failed at 22.1 % strain. Corrosion was observed at the
liquid/vapor interface, but no intergranular features were observed on the fracture surface during
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SEM examination, see Figure 51 and Figure 52. The test performed at -50 mV vs. SCE failed at
8.5 % strain, and severe corrosion was observed on the fracture surface and along its gauge
length, see Figure 53. The results suggest that there is a “critical” potential between -100 mV and
-50 mV vs. SCE necessary for significant corrosion to occur in this modified simulant.

Figure 50. Stress-Strain Behavior of Samples Tested in AW-105-PSC
“6X” Simulant at -50 and -100 mV vs. SCE.
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Figure 51. Photograph of the Test Sample from SSRT-74 Performed in AW-105-PSC 6X
Simulant at 50°C, pH 13+, at a Potential of -100 mV vs. SCE.
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Figure 52. Electron-Micrograph of the Fracture Surface of
Test Sample from SSRT-74 Performed in AW-105-PSC 6X Simulant at
50°C, pH 13+, at a Potential of -100 mV vs. SCE.
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Figure 53. Stereo-Micrograph of the Test Sample from SSRT-75 Performed in
AW-105-PSC 6X Simulant at 50°C, pH 13+, at a Potential of -50 mV vs. SCE.
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4.7 SLOW STRAIN RATE TESTING IN TANK 241-AN-107 BASED

SIMULANTS

Table 13 summarizes the results of SSRTs performed in AN-107 simulants. Tests were
performed at 50°C and potentiostatically polarized to potentials between -740 and -790 mV

vs. SCE. The objective of these experiments was to test the propensity of carbonate cracking at
low potentials since AN-107 simulant contains 1.4 M carbonate. Previous testing in AY-102-PIL
simulants with high carbonate (1.021M) contents indicated cracking at low potentials -750 to
-800 mV vs. SCE. These potentials correspond to the active-passive transition range observed in
the AY-102-PIL CPP curve from previous studies.

Table 13. A Summary of Slow Strain Rate Tests Performed in AN-107 Based Simulants.

Failure Failure 2
Tl‘e;t Base Chemistry | pH 'l;:g)p (:)‘t,) ((')nCVP; Strain Time SENé"S::ace Es‘;’;’::gecc)CR
(%) (hrs)
47 AN-107 11 50 -740 -315 225 62.9 Ductile
48 AN-107 11 50 -765 -296 21.4 61.6 Ductile
49 AN-107 11 50 -790 -274 22.0 61.1 Ductile

Figure 54 is a plot of the stress-strain data from the three SSRTs. The samples all failed at strain
from 21.4 to 22.5 %. No intergranular features were observed during SEM examination of any of
these tests, suggesting the steel is not susceptible to cracking in AN-107 at potentials where
carbonate cracking was observed in AY-102-PIL simulants, see example (Figure 55). It should
be pointed out that the OCP of steel in the AN-107 simulants were generally much higher than the
tested potentials above because the cathodic reactions were likely dominated by nitrite and/or
nitrate reduction that occurred at potentials much more positive than -800 mV vs. SCE. In
carbonate-based waste simulants, an active-passive transition associated with the formation of
carbonate films was observed at potentials near -800 mV vs. SCE and was not observed on the
CPP curves in the AN-107 simulants. Therefore, these tested potentials were selected similar to
the potentials in AY-102-PIL where carbonate cracking was observed. Based on the observations
in AY-102-PIL, the potential range for carbonate cracking was near -800 mV vs. SCE and fairly
narrow. In the AN-107 simulants, the results above could indicate that cracking at these low
potentials is not possible or the tested potentials may be away from any active/passive transition
that may (or may not) be present. As mentioned above, because of the significant amount of
nitrite and nitrate in AN-107 simulants, it is unlikely that the OCP of the tank steel would be
anywhere near -800 mV vs. SCE and therefore the likelihood of the steel cracking at these low
potentials is extremely small. Because of this, no further work was conducted to investigate the
susceptibility of steel to carbonate cracking in AN-107 simulants.
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Figure 54. Stress-Strain Behavior of Samples Tested in
AN-107 Based Simulants at various potentials.
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Figure 55. Electron-Micrograph of the Fracture Surface of Test Sample from SSRT-48
Performed in AN-107 Standard Simulant at 50°C, pH 11, at a Potential of -765 mV vs. SCE.
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4.8 ELECTROCHEMICAL POLARIZATION BEHAVIOR IN TANK 241-AZ-
102 BASED SIMULANT

Table 14 summarizes the results of the CPP test conducted in the AZ-102 simulant that
investigated the susceptibility of the steel to localized corrosion in simulants at a temperature
level higher than 50°C. The test temperature for AZ-102 simulant was 77°C, which represents the
upper bound of the temperature levels in all waste simulants. No tests were performed using
modified AZ-102 simulants.

Table 14. A Summary of Electrochemical Test Performed in AZ-102 Based Simulant.

Base H NO; NO; TIC OH Cr F T Aeration Testing type Visual Sample ID
Chemistry | P ™) o™ || v ™) M) | CC) | condition g typ (#EL1196-)
. CPP No
AZ-102 >12 | 0.883 | 0.105 | 0.619 . : 0052 | 77 | Nppurging | gy | iting 103

Figure 56 is the CPP curve obtained in the deaerated AZ-102 simulant at 77°C. No clear positive
hysteresis loop was observed and the sample did not show any indication of localized corrosion
even at 77°C. The lack of localized corrosion on the sample is consistent with the inhibitory role
of nitrite, since the nitrite concentration in this simulant is significantly higher than nitrate and
other aggressive species (nitrite-to-nitrate concentration ratio of 8.4).

Figure 56. CPP Curve in Deaerated AZ-102 Simulant (pH>12 and T=77°C).
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4.9 SLOW STRAIN RATE TESTING IN TANK 241-AZ-102 BASED

SIMULANT

Table 15 summarizes the results of the slow strain rate test performed in the AZ-102 simulant.
Only one test was performed, and it was at 77°C and at OCP. The standard AZ-102 simulant has
high nitrite (0.88 M) and low nitrate (0.105 M) concentrations, and contains no halides.

Table 15. A Summary of Slow Strain Rate Tests Performed in AZ-102 Simulant.

Failure

Failure

Test . Temp Pot ocCp " . SEM Surface | Estimated CGR
Base Chemistry pH b Strain Time
ID (°C) (mV) (mV) (%) (hrs) Exam (mm/sec)
61 AZ-102 12+ 77 ocCp -239 21.0 583 Ductile

The AZ-102 simulant has a very high nitrite/nitrate ratio (8.4) and no chlorides or fluorides, so no

SCC or pitting was expected. In addition, the CPP curve exhibited no positive hysteresis. No

localized corrosion was observed during post-test examination of the sample. The single SSRT in

AZ-102 simulant failed at 21.0 % strain (Figure 57). No evidence of SCC was observed on the

fracture surface of the test sample during SEM examination (see Figure 58). The SSRT result and

CPP test results are consistent with previous test results in which nitrite was demonstrated to be
inhibitory towards localized corrosion and SCC.

Figure 57. The Stress-Strain Behavior of the Sample Tested in
AZ-102 Simulants at OCP (-239 mV vs. SCE).
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Figure 58. Electron-Micrograph of the Fracture Surface of Test Sample from SSRT-61

Performed in AZ-102 Simulant at 77°C, pH 12+, at a Potential of -239 mV vs. SCE.
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4.10 ELECTROCHEMICAL POLARIZATION BEHAVIOR IN
TANK 241-SY-101 BASED SIMULANT

Table 16 summarizes the results of the CPP test conducted in the SY-101 simulant. The SY-101
simulant has a relatively lower nitrite-to-nitrate concentration ratio than other simulants being
investigated. No tests were performed using modified SY-101 simulants.

Table 16. A Summary of Electrochemical Test Performed in SY-101 Based Simulant.

Base NO; NOy TIC OH Cr F - Aeration . . Sample ID
Chemistry | PH ™M) ™) ™) oy M) o | TCO | condition Testingtype | Vil | oprr106y
SY-101 >13 | 02027 | 09313 | 0.1328 | 0.6555 | 0.0228 | 0.0277 | 50 N; purging O Mo 109
Full immersion pitting

Figure 59 is a CPP curve in deaerated SY-101 simulant at 50°C. No positive hysteresis loop was
observed on the curve and the sample did not show any indication of localized corrosion. The
lack of localized corrosion on the samples suggests that even though the nitrite/nitrate ratio in this
simulant is lower than other simulants investigated before, other inhibitory species present in this
simulants were able to efficiently prevent localized corrosion. Additionally, the benign nature of
this simulant with respect to localized corrosion may be a result of the relatively low
concentration of the aggressive species.
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Figure 59. CPP curves in deaerated SY-101 simulant at pH 13+ and 50°C.
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4.11 SLOW STRAIN RATE TESTING IN TANK 241-SY-101

BASED SIMULANT

Table 17 summarizes the results of the slow strain rate tests performed in the SY-101 simulant.
Only one test was performed, and it was at 50°C and OCP. This simulant has high nitrate
(0.93 M) and low nitrite (0.20 M) concentrations.

Table 17. Summary of Slow Strain Rate Tests Performed in SY-101 Simulants.

Failure Failure
Test Temp Pot ocCp ; £ SEM Surface | Estimated CGR
Base Chemistry pH o Strain Time
ID (°C) (mV) (mV) (%) () Exam (mm/sec)
67 SY-101 13+ 50 ocp -206 229 63.7 Ductile

The SY-101 simulant has a relatively low nitrite/nitrate ratio (0.18), so SCC or pitting was
considered possible. However, no positive hysteresis was observed in the CPP curve and no
localized corrosion was observed during post-test examination of the sample. The single SSRT
performed in SY-101 simulant failed at 22.9 % strain (Figure 60). No evidence of SCC was
observed on the fracture surface of the test sample during SEM examination (see Figure 61).
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Figure 60. Stress-Strain Behavior of the Sample Tested in
SY-101 Simulant at OCP (-206 mV vs. SCE).
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Figure 61. Electron-Micrograph of the Fracture Surface of Test Sample from SSRT-67
Performed in SY-101 Simulant at 50°, pH 13+, at a Potential of -206 mV vs. SCE.
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4.12 ELECTROCHEMICAL POLARIZATION BEHAVIOR IN TANK

241-AY-101-CSL SIMULANT

Table 18 summarizes the results of the CPP tests conducted in the standard AY-101-CSL
simulants and the modified AY-101-CSL simulants. The tests performed in the standard
AY-101-CSL simulants established the baseline of the susceptibility of the tank steel to localized
corrosion whereas the tests in the modified AY-101-CSL simulants (with pH adjusted) were
performed to understand the impact of pH on the localized corrosion susceptibility of the tank
steel.

Table 18. Summary of Electrochemical Test Performed in AY-101-CSL Based Simulant.

Base H NO; NO;y TIC OH" Ccr F T Aeration Testing type Visual Sample ID
Chemistry | P oM | | o | | o M) | C) | condition 8 yp (#EL1196-)
AY-101-CSL | 11.8 | 0.0368 | 0.181 | 0.1474 | 0.0051 | 0.0064 [ 00015 [ 50 | Nppurging | [ ig‘fn';mion Pitting 11
AY-101-CSL | 128 | 00368 | 0.181 | 0.1474 | 0.0051 | 0.0064 | 0.0015 | 50 | Nopurging | o icrr . Pg;’ng 12
AY-101-CSL | 118 | 00368 | 0.181 | 0.1474 | 0.0051 | 0.0064 | 0.0015 | Room | Nypurging | L immon P;‘:’ng 113
AY-101-CSL | 123 | 0.0368 | 0.181 | 0.1474 | 0.005I | 0.0064 | 0.0015 | 50 | Nypurging | p . ig:mion Pitting 115

* This reflects the concentration prior to pH adjustment.

Figure 62 is a comparison of the CPP curves obtained in the AY-101-CSL simulants under
different conditions. The CPP curve at pH 11.8 and 50°C showed an open loop with the
passivation potential below the OCP. This is consistent with the observation of severe localized
corrosion on the sample after the CPP test, as shown in Figure 63. At room temperature and pH
11.8, the CPP curve showed a negative hysteresis loop. The pitting corrosion noted at 50°C was
not observed on the sample tested at the same pH but at room temperature. At pH 12.3 and 50°C,
the CPP curve still exhibited an open loop even though the pitting potential was slightly higher
than at pH 11.8. The sample showed severe localized corrosion after the CPP test, as shown in
Figure 64. When the pH of the simulant was increased to 12.82, the CPP curve was similar to
that at room temperature and pH 11.8 in that it showed a negative hysteresis loop. No pitting
corrosion was noted at pH 12.8, even at 50°C. The testing results in the AY-101-CSL as a
function of temperature and pH implied that the steel was susceptible to localized corrosion in this
simulant at S0°C and pH 11.8 despite the relatively low concentration of aggressive species (such
as nitrate = 0.181 M). The pitting corrosion at this pH, however, can be mitigated by decreasing
the temperature. Furthermore, the results suggest that a threshold of pH exists above which
pitting corrosion will not occur even at an elevated temperature (50°C). This threshold appeared
to be between pH 12.3 and pH 12.8, but was not precisely determined with the limited
experimental cfforts conducted.
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Figure 62. A Comparison of CPP Curves in the Deaerated AY-101-CSL Simulant at
Different pH Levels and Temperatures.
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Figure 63. Appearance of the Sample after CPP test in the Deaerated AY-101-CSL
Simulant at 50°C and pH 11.8. (a) Before Cleaning; (b) After cleaning.
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Figure 64. The Appearance of the Sample after CPP Test
in AY-101-CSL Simulant at pH 12.3 and 50°C.
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4.13 SLOW STRAIN RATE TESTING IN TANK 241-AY-101-
CSL BASED SIMULANT

Table 19 summarizes the results of the slow strain rate tests performed in the AY-101-CSL
simulant. Only one test was performed at 50°C and OCP. This simulant has low nitrate
(0.181 M) and nitrite (0.0368 M) concentrations.

Table 19. A Summary of Slow Strain Rate Tests Performed in AY-101-CSL Simulant.

Failure Failure .
'I;el;t Base Chemistry pH ’Esgp (ll;o‘:) ((l)n(i’l; Strain Time SEl\é}(S:n:face Estl(nnza:‘t;;lecC)GR
(%) (hrs)
69 AY-101-CSL 11.8 50 ocp -181 21.6 59.9 Ductile

The one SSRT sample failed at 21.9% strain, and showed no evidence of SCC during SEM
examination (Figure 65 and Figure 66). The simulant has a relatively low nitrate content, and it
may be that there was insufficient nitrate to cause SCC. A large positive hysteresis was noted in
CPP curve provided by electrochemical testing in the AY-101-CSL simulant at pH 11.8 at 50°C.
These results indicate that evidence of pitting is not necessarily indicative of SCC susceptibility.
Note that the SSRT was performed at OCP, and the combination of potential and limited test time
may not have been sufficient to allow any localized corrosion to initiate.
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Figure 65. Stress-Strain Behavior of the Sample Tested in
AY-101-CSL Simulant at OCP (-181 mV vs. SCE).
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Figure 66. Electron-Micrograph of the Fracture Surface of Test Sample from SSRT-69
Performed in AY-101-CSL Simulant at 50°, pH 11.8, at a Potential of -181 mV vs. SCE.
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4.14 DYNAMIC-K TESTING IN 5M NANO; AND TANK 241-AY-101-PSC
BASED SIMULANT

Table 20 summarizes the details of the two dynamic-K tests performed during this test program.
The objectives of the two K-tests were (1) to investigate the effect of a hold time on crack growth
initiation; and, (2) to aid in the determination of K,scc by measuring the nominal K; at which
crack growth arrests under constant displacement conditions. With the test specimen geometry,
both load and stress intensity reduce as a crack propagates under constant displacement
conditions. A constant load during the test indicates the crack is not propagating. The crack’s
stability point and Ksce can then be calculated from the test parameters. Previous tests
performed for this program were not held sufficiently long for this phenomenon to occur.

CT-17 was performed in 5 M NaNOj; solution at OCP and at 50°C. This solution has previously
been shown to cause severe cracking. The sample was loaded at a constant displacement rate
until both DCPD and load measurements indicated cracking. The loading was stopped and the
sample was held at constant displacement for approximately 80 days. DCPD (Figure 67) and load
measurements (Figure 68) indicated continued cracking of the sample during the test. The
maximum CGR for this sample was estimated as 4.5 inch / year (1.4 x 107 in/sec) based on
DCPD data.

CT-18 was performed in AY-101-PSC simulant at 0 mV vs. SCE and at 50°C. Previous testing
indicated no cracking in this environment for samples loaded to 40 ksiVin; however, the hold time
was relatively short (approximately 30 days). The current investigation loaded the constant
displacement sample to 45 ksiVin. DCPD (Figure 69) and load data (Figure 70) indicated that
there may have been minor cracking in the sample, but it was not definitive because of the
significant noise detected in the data. Note that a lower stress intensity (40 ksiVin) was accidently
placed on the specimen for over a week near the onset of testing.

Table 20. A Summary of the Dynamic-K Tests Performed.

Test Base Temp oCP

ID Chemistry pH ©C) Pot (mV) (mV) Test Type Comments
Load to above ;
17 | SMNaNo; | 11 | 50 ocr | 407 | Kgpediad | 25D bedsimtenad BN =~
examination indicated significant cracking
80 days
Load to 45 DCPD and load reduction indicated possible

18 AY-101-PSC 11 50 0 -328 ksiVin and hold | minor cracking. Not confirmed by SEM

150 days examination

70



RPP-RPT-37505, Rev. 0

Figure 67. Plot of DCPD Calculated Crack Length as a Function of Time for CT-17
Performed in SM NaNOj; at Open Circuit Potential. The Displacement was Held Constant
Following Loading to a Nominal K ~ 25 ksiVin.
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Figure 68. Load as a Function of Time for CT-17 Performed in SM NaNO;
at Open Circuit Potential. The Displacement was Held Constant Following
Loading to a Nominal K ~ 25 ksiVin.
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Plot of DCPD Calculated Crack Length as a Function of Time for CT-18

Performed in AY-101-PSC Simulant at 0 mV vs. SCE. The Displacement was Held
Constant Following Loading and Adjustment to a Nominal K ~ 45 ksiVin.
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Figure 70. Load as a Function of Time for CT-18 Performed in AY-101-PSC
Simulant at 0 mV vs. SCE. The Displacement was Held Constant Following

Loading and Adjustment to a Nominal K ~ 45 ksiVin.
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The fracture surfaces of the two K-test samples were examined using the SEM. Figure 71 is an
electron-micrograph of the fracture surface of the test sample from CT-17, performed in SM
NaNOj solution. SCC was confirmed by the presence of intergranular features. Figure 72 is an
electron-micrograph of the fracture surface of the test sample from CT-18, performed in the
AY-101 simulant with an applied potential of 0 mV vs. SCE. No intergranular features were
observed. This confirms the previous results, in which no SCC was detected in the AY-101
simulant loaded to 40 ksiVin and held for 30 days. This indicates that Kscc 1s over 45 ksiVin in
this environment.

Figure 71. Electron-Micrograph of the Fracture Surface of Test Sample

from CT-17 Performed in SM NaNO3 at 50°, at OCP (+107 mV vs. SCE).

The sample was held at a constant displacement for ~80 days following a
constant displacement rate slow loading to a nominal K of 25 ksiVin.
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Figure 72. Electron-Micrograph of the Fracture Surface of Test Sample from CT-18
Performed in AY-101 Simulant at 50°, at 0 mV vs. SCE. The sample
was held at a constant displacement for ~150 days following a constant
displacement rate slow loading to a nominal K of 45 ksiVin.
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The lack of intergranular features in test CT-18 was unexpected, given the apparent crack growth
indicated by the DCPD measurements. Post—test analysis of the DCPD data indicated some drift
in the applied DCPD current occurred over the course of the test, resulting in potential drop
changes on the order of a few tens of millivolts. This explains the apparent crack growth from the
DCPD data calculations. Another possibility is that there was some minor ductile tearing during
the long-term hold.

The recent K-tests were performed using a constant displacement rate slow loading and a long-
term hold. This technique was developed to try to eliminate some of the inconsistencies observed
in data from tests that were performed using constant loads tests. However, it has not yet been
confirmed that the test technique provided conservative values of Kysce. The technique relies on
crack arrest following some SCC propagation. The Kscc calculation is then based on the final
load and crack length values at arrest. To date, only one test (CT-17 performed in 5SM NaNO;
solution) has shown significant crack propagation and has been held for a long enough time to
confirm crack arrest. Tests in various simulants have shown some minimal cracking, but not
sufficient to provide a high level of confidence in the Kgpscc estimates. The effect of loading rate
on Ky, has also yet to be considered. Loading rate effects may influence the applied K at which
SCC initiates, and the slower loading may produce artificially high Kscc estimates, though this
would go against results typically observed in SSRTs. If this is the case then it is even more
important to allow any growing cracks to arrest. The microstructural mechanisms involved in
SCC crack initiation become an important consideration.

The dynamic-K test used in the current program shows promise as a test technique, but there are
some issues still to be resolved. One limitation is that the tests must be run for a sufficient period
of time for cracking to initiate and to arrest. This has only been done with the 5 M NaNO;
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solution. Given the low CGRs observed in some of the tests performed in waste simulants, tests
would have to be performed for months, or years in some cases, in order to achieve the same
results. A second limitation of the dynamic K-test is that it has not been validated that the test
results are conservative. There are few comparisons that can be made between the current results
and previous years’ results, as the tests were performed under different conditions. Previous
constant load testing in AN-107 simulant indicated a Kyscc of approximately 20 ksiVin.
However, the more recent dynamic K-test in AN-107 simulant implied a Kyscc closer to

35 ksi\/in, as crack growth was minimal when loaded to that level and held for 30 days. Note that
in the latter test, the sample was not held for sufficient time for the crack to arrest. It is possible
that the crack would have continued to propagate and eventually arrested at K nearer to 20 ksiVin.
If so, the test techniques’ results would have been self-consistent.

There are common features of the results of the constant load and dynamic-K tests that are
encouraging. The CGRs measured in the waste simulant have been significantly less than those
measured in the 5 M NaNOj solution. Consistent with this is the higher Kyscc estimates in the
waste simulants. Although the technique requires some further validation to ensure conservatism,
the current qualitative indications are that the tests are providing useful information.

In previous work, crack growth in constant load tests was identified by DCPD, examination in the
stereo-microscope and metallographically. Many of the tests showed a minimal amount of crack
growth and visual observations become subjective. It is very difficult to distinguish between
fatigue pre-crack, ductile tearing at the crack tip, and intergranular SCC. In some cases, the
results were inconsistent between techniques, and in general the conservative result was reported.
The difficulties in distinguishing microstructural features led to the use of the SEM in post test-
examinations.

4.15 GENERAL DISCUSSION OF RESULTS

The purpose of this work was to examine the effects of different tank farm operational variables
(chemistry, temperature) on the propensity for localized corrosion and stress corrosion cracking.
To accomplish this goal, a range of tank chemistry simulants and variations thereof have been
examined in an attempt to bound certain tank farm characteristics and to better elucidate the
controlling mechanisms and processes that may compromise tank integrity from a materials
degradation perspective. In the course of this work, nitrite has been found to inhibit both
localized corrosion and SCC whereas nitrate promotes these degradation modes. In the present
work, the localized and SCC corrosion behavior of steel in waste simulants for Tanks 241-AP-105
(AP-105), 241-SY-103 (SY-103), 241-AW-105 (AW-105), 241-AZ-102 (AZ-102), 241-SY-101
(SY-101), AN-107 and AY-101 were investigated to better examine the effects of low nitrite-
nitrate concentration ratios, high bounding chloride and fluoride concentrations, and low and high
absolute nitrite and nitrate concentrations. The AP-105-PSC simulant has a unique chemistry that
includes 0.27 M nitrite and 3.58 M nitrate (nitrite/nitrate ratio of 0.075). Although the nitrite
concentration is less than 10% of the nitrate concentration, this chemistry appears to be more
benign than some of the previously investigated simulants (e.g., AN-107) at pH above 13
(assuming the nitrite concentration can be maintained). While this nitrite concentration seemed to
play some inhibiting role, the previous discussion indicates that this concentration may be near a
threshold of nitrite below which the nitrite will not be able to provide effective protection for the
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steel. Severe corrosion was observed at the liquid/vapor interface where the nitrite may have
become depleted to a concentration below the threshold level for efficient inhibition or
alternatively the pH was suppressed below a critical value.

Corrosion attack at the liquid/vapor interface strongly depends on temperature, potential, and
liquid/vapor interface stability. The results obtained thus far indicate that the extent of corrosion
could be decreased relative to test conditions at potentials near OCP or at temperatures near room
temperature. The corrosion initiation time generally increased significantly for these conditions.
However, the long-term immersion tests revealed that the corrosion at the liquid/vapor interface is
likely even at room temperature. It appears that the CO, present in the air may have played a role
by changing the pH locally to create an aggressive environment locally at the liquid/vapor
interface. No definitive conclusion can be drawn with respect to the initiation mechanism of the
interfacial attack. Even though the experimental evidence indicated that potential, oxygen, and
CO; may play certain roles, a comprehensive understanding of the initiation mechanism is
lacking.

Figure 73 summarizes the susceptibility of the steel to pitting corrosion as a function of inhibiting
species and aggressive species in various simulants. Open symbols indicate that no pitting
corrosion was observed after CPP testing. For AN-107 simulants, pitting corrosion was observed
in all cases. However, the difference of repassivation potential and the OCP was considerably
larger in some cases and thus the safety margin was sufficiently wide to prevent pitting under
freely corroding conditions. Therefore, the tests that showed a |Epit-OCP| greater than 500 mV
are indicated with half-filled symbols, meaning that pitting corrosion was observed but a large
safety margin (the difference between OCP and pitting potential) exists. Note that pitting
corrosion was observed after polarizing to potentials higher than OCP during CPP testing. The
conditions outlined in Figure 73 indicate that pitting might occur under the given environmental
conditions. Therefore, Figure 73 should be used only as an illustrative tool to help understand the
prospective roles of inhibiting and aggressive species.

Three zones are indicated in Figure 73: no pitting zone, pitting possible but unlikely zone, and
pitting possible zone. AP-105-evaporated simulants were outliers that did not lead to localized
corrosion at an extremely high nitrate concentration (5.087M). For illustrative purposes, dashed
lines have been included in Figure 73 to qualitatively differentiate the pitting possible, pitting
possible but unlikely, and no pitting regions. At each nitrate concentration level, there appears to
be a critical nitrite level, above which the material was protected from localized corrosion.
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Figure 73. Susceptibility of Materials to Pitting Corrosion as a
Function of Nitrite and Nitrate Concentration. The Symbols Represent
Various Simulant Chemistries Previously Studied.

[
- O AY102-CSC, 50°C -
7} o AP101-TSC, 50°C s A
L A/ A AN107,50°C !
6l v AW105-PIL/PSC, 50°C I
| © SY103-PILUSY101, 50°C !
sL ¢ /9 Av102-PIL, 77°C 4
- D> AP105-PSC/Evaporated/Mixed, 50°C
[ 0/ O AY101-PILPS"/CSL, 50°C
S A4[ #* AY102:AL 50°C, & .
S [ O AY102ATL £ olliRe ©°
E 3| * AYI02ACG4YL 27 . &
= @ AZ102, 5 . ™
z ’ (\Q N\
% AR
2+ ’ ?\" \)\
7 iy W
Cd
1 = ’J A 5) ’,/4 B
" G o== = R -
or Y ¢ @  Ppitting possible
_1 1 " 1 M 1

0 2 4 6

Nlidwndé~ /RAN

Figure 74 shows the estimated CGRs for tests that cracked as a function of applied potential in all
simulants investigated. These data are primarily from SSRTs, with the one exception being the
data point for the SM NaNOj solution which was provided by a dynamic —K test. The new data
obtained from the recent tests do not affect the general trend of the curve, which was developed
using results from previous work. From previous testing, significant crack growth was only
observed at potentials higher than -100 mV (vs. SCE) for the nitrate-based simulants (e.g.,
AY-101-PSC). Much slower CGRs were observed in carbonate-based simulants at potentials
near -800 mV (vs. SCE). Similar slow CGRs were also observed in modified (increased nitrate)
carbonate based simulants around -300 to -200 mV vs. SCE. The new data is seen in this third
peak in the plot at -249 mV vs. SCE. This was generated from the one CGR experiment
conducted in AP-105-PSC stimulant at OCP that showed cracking.
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Figure 74. Estimated CGR vs. Potential in the Investigated Simulants.
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Figure 75 is a plot of the nitrite/nitrate ratio vs. applied test potential. This data indicates
conditions for SCC susceptibility. A similar plot was developed during previous work, and has
been updated to include the new test data. SSRTs that showed cracking are indicated by solid
symbols and tests that showed no cracking are indicated by open symbols. The general trend for
the nitrate-based simulants is that SCC susceptibility tends to increase with increasing potential
and decrease with increasing nitrite concentration. There is a transitional region of SCC behavior
at low nitrite/nitrate ratios between potentials of -200 and -300 mV vs. SCE which remains poorly
defined.

The results of the AP-105-PSC, SY-103-PIL and AW-105 testing are consistent with the results
from previous tests programs, as can be seen from Figure 75. The AP-105-PSC simulant has a
very low nitrite/nitrate ratio (0.075), and did show evidence of SCC, even at the relatively low
OCP potential (-249 mV vs. SCE). The AW-105-PIL simulant has a slightly higher nitrite/nitrate
ratio (0.29) and showed no evidence of SCC, at a comparable potential (-290 mV vs. SCE).
These data help to further define the transitional region of the plot. The SY-103-PIL simulant has
a much higher nitrite/nitrate ratio (1.47), and also shows no evidence of cracking, as the data in
the Figure 75 would predict. The AW-105-PSC simulant and modified “6X” simulant data
further defines the critical region in low nitrite/nitrate ratio and higher potential 0 mV to -100 mV
vs. SCE region. Figure 75 indicates that SCC is possible in many of the simulants. However, it is
important to realize that all but one of the tests that showed cracking behavior were anodically
polarized. The one exception is the one of the two tests performed in AP-105-PSC at OCP that
cracked. This is the only test that has shown evidence of cracking at OCP. This observation is
important from a tank integrity perspective.
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Figure 75. A Plot of Nitrite/nitrate Ratio vs. Applied Test Potential Indicating Conditions
for SCC Susceptibility. Only Nitrate Based simulant Results Are Included.
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An important conclusion that was drawn from this test program is that localized corrosion at
liquid/vapor interfaces is possible at high pH. This indicates that the current requirements to
maintain a high pH may not necessarily be sufficient to ensure long-term tank integrity. The
interfacial corrosion is not currently well understood, and should be considered as a possible
focus area for future work.

Based on the work conducted to date, it would seem that the risk of localized corrosion and SCC
is relatively low under nominal tank operating conditions. There is, however, a possibility of
SCC in achievable chemistries (these are chemistries similar to those already existing in the tank
farm or those that may develop due to mixing/transfer operations) if a sufficiently noble potential
is reached. This observation highlights the importance of the tank probe monitoring program.
Also of significant note was the observation of rapid corrosion at the liquid/vapor interface which
appears to be related to a drop in the interfacial pH due to the presence of CO; in the head space.
Because the corrosion rates observed with some simulants were quite rapid, additional efforts to
explore optimal mitigation strategies for this interfacial region are recommended.
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5.0 SUMMARY OF KEY FINDINGS

Based on the work conducted, the key findings of the research are listed below.

The SCC potency of the waste simulants for the three tanks studied followed the trends
previously established for nitrate-based simulants. SCC only occurred at relatively high
applied potentials (e.g., 0 mV vs. SCE) or at low nitrite/nitrate concentrations ratios.

Limited GCR testing performed in AY-101 simulants indicated that stress intensity factors
above 45 ksiVin were necessary for crack propagation to occur in the waste simulants
tested.

Though at current tank conditions the PSC for tank 241-AP-105 (AP-105-PSC) simulant
of the tank showed a low propensity for corrosion. The tank steel exposed to the Tank
AP-105-PSC simulant at elevated temperatures and under anodically polarizing conditions
demonstrated a susceptibility to stress corrosion cracking (SCC) and localized corrosion at
the liquid/vapor interface. Long-term immersion tests indicated that the steel was
susceptible to corrosion at the liquid/vapor interface even at OCP, but the extent at room
temperature was not as severe as at elevated temperatures (e.g., 50°C). The AP-105-PSC
is the only simulant in which SCC was observed in a slow strain rate test (SSRT)
performed at OCP. Local chemistry changes (nitrite depletion or pH drop) may be
responsible for the interfacial attack, though the precise mechanism is unclear at this time.
The liquid/vapor interface attack indicates that localized corrosion is possible in simulants
with high pH, and this should be considered in any future corrosion mitigation strategies.

The PIL for Tank 241-SY-103 (SY-103-PIL) simulant, which has the upper limit of
chloride concentration of the DSTs, appears to be benign with respect to corrosion and
SCC relative to the AP-105-PSC and previously tested Tank 241-AN-107 simulants and
the PIL for Tank 241-AY-102 (AY-102PIL) simulant. Any possible corrosion liability
associated with the high chloride content, appears to be offset by the relatively high nitrite
content.

The PIL for Tank 241-AW-105 (AW-105-PIL) simulant, which has the upper limit of
fluoride concentration, also appears to be benign with respect to tank steel SCC.
However, some localized corrosion has been observed at the liquid/vapor interface.

The AZ-102 simulant, tested at the higher temperature of 77°C, appears to be benign with

respect to SCC, confirming the inhibitory nature of nitrite. The AZ-102 simulant has a
high nitrite/nitrate ratio of 8.4.
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APPENDIX A

SIMULANT RECIPES, CERTIFICATES FOR CHEMICALS AND QA DOCUMENTS
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AN-107 Supemnats Simudant Recipe for & 2-Litec Batch, pH =
BASE SOLUTION: April 2005 Versicn

- -
Balance Devics 1D No: 040 NIST Weight (10 g): jo. 0000
= . B.ahnoc Device 1D No: NIST Waight (150 g):
Pregared By: X{ Date Prepared: /1“{21
- Tore x 24iter Volumatric Flask and then Add the Following, in Order:
l Wass Requieed, | Actual Mass Used,
ICompound Focwmwsta grams geors
= {Delonized Water 400.00]  AY % 400
[Calcusm Nivate, 4-Hydrale [Cario ) 4H,0 6.96] ba
Cerium Nirate, 8-Hydrate Ca(NO,), 5,0 0.32{ 0.25
T |Cosium Navate CeNO, 0054 00 %0
Copper Nivate, 2.5-Hydrate CUNOy, 2 5HO 0.2 U dR
- [Feric Nivate. 9-Hydrate Fe(NOL), 8H,0 24.48 * 450
Nirate LaNO ), 01,0 0.28] 350
Load Narste PN, 124 [o AU -
~  juegnesium Nitrate, 8-Hydeate 952 053
Ctioride, 4.08 A0l :
_ [Neodymiun Narste,  Hydrate [NANO), 66,0 0.58 .
Nickel Nirate, 6-Hydrate s, .
[Potassiuen Nirate ey 9.20] %]
~  [strontum Nivate 0.032] ~D:<09%
Nairate, 6-Hydrate a0 042 O]
Nirsto 03s] &5 F
- A, : Na,EDTA us2 45,
HEDTA, niHydraxyethylanadimnine HEDTA 4 4'9&
- Ghuconate CoHy NaOr 7.06} T 6%
CHOLHO 8.8, ¥-8%
- CHNO, 1.4 Pg
HN(CH,COOH), 12,08}
- 0.40] G
pact 11, A s
naf 0.58 ®. F
- Jnecr,04 1.10 fej0
3 24.40
iMaO, 018, 3,72
- . fsum so4.9660f
1n 2 SEPARATE Container, Mix the Following:
- 33,50
Nuwade, SHO 1074 _@L%f_t___
- T 12-Hydrade NaPO, 12H,0 888 -
Sodium Formate "~ inaticoo 31.42 3. A3
[Sodium Acetate Tr INsCH,CO0. 31,0 474 % 2
= [Sodum Oxaiate 'Na,C;0, _ zsz' - J 5
[ O 40000]
_ ] SUM 488.52]
Mix Thoroughly. Then Add this Solution to the Volumetric Flask.
. A the AddNion to the Volumetric Flask, Add the Following:
fSodum Cartonate e, Co, | 296.50] A6 3 |
_ WxThorougidy '
Naxt, Mix the Following:
[Sodun Nirsle 504.58] — PIE 60
T [Sodtm Nitrks NalNO, 165.58] [[2XY 7]
[ater H:0 200.004 280 D7)
—  Add snd Mix thoroughly. — [Sum $60.16
Mix thoroughly and ditute o the 2-Liter mark in the Volumetsic Flask.
SUM OF ALL 2350.46)
Record the Final Weight
~- Density:]
. Adjust the Final Solution ko pH = 11 by progressively sdding 2 g of sodium Nydroxide (NaOH) up to 20g. MIX
THOROUGHLY after any addi of sodium hydroxide and pH.
Conwnents:

f’a“‘r—AT“-r

(A APPROVED
DATE._/~7-s8

v b FH 0.3¢
Rinad pht 100

h-
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Adjust fotal solution volume fo

3400 mL by adding Di water.

Adjust solution temperature to 50°C to 60°C.
Filter solution by vacuum through medium glass filter. Handlle with caution, hot and caustic solution .
Rinse beaker with approximately 50 mL of DI water
Rinse filter with approximately 50 mL of Df water

AP105-PSC Batch Size: aL
Base Solution 2007 Version ) pH: 13+ AP105-PSC
Balance Device ID: 030 NIST Weight (6 g): G000
Balance Device ID: [ NIST Weight ( 500 9): Boo - O
7}
Technician: MOL{ k ell e Date: {[ (410 % Tracking: __ 68
Add 6 2400 L n? Di water to a beaker.
insert Teflon stirbar and thermocouple, and place on sticrer / hotplate.
Tum on heater and adjust to 60°C (+10°C).
Add the following chemicals and record their actual weights:
Required Actual
Chemical Formula Mass (g) Mass (g} Comments
Sodium Aluminate NaAIQ,.2H,0 70.71] 70.%|
Sodium Chioride NaCl 720 %4.80
Sodium Fluoride NaF 1.53 53
Sodium Chromate Na,Or0, 6.87| 8T
Sodium Suifate Na,SO, 26.82] AL-32
Sodium Phosphate, 12-Hydrate Na,PO, 12H,0 45.771 45:3%
Sodium Formate NaHCOO 272 A 3l
Sodium Acetate Trihydrate NaCH.C00.3H,0 408 4.0
'Sodium Oxalate Na,C,0, 402 4.0
Sodium Carbonate Na,CO, 13821] 19%. 3
Sodium Nitrate NaNO; “1211.75] /.3
* {Potassium Nitrate KNO, 538 D, Af
Sodium Nitrite NaNO, 7452 A, S
iic Acid C,HeO, 3.23 .
Sodium Hydroxide —_|NaOH 28.18] AR !
* Sodium fluoride s highly foxic. Handle with caution. 183].00

QA APPROVED

Transfer final filtrate and finse solutions to large beaker with stir bar.
Measure and record initial pH | ¢ NAME COtiinn
Check the pH to make sure kis /467 13+ DAT T
- (=7 B
Transfer to volumetric flask and include rinse with DI water. Affow solution to coof E
Adjust final solution to volume of 4 L with DI water, and mix thoroughly.
SUM Total chemicals (target) 1630989  Total chemicals (actual) [ 1630
Total water (target) 4L Total water (actual) APOG mé
Target Specific Density 1.41 Calcutated density 1.4
Check final solution pH and record. pH= 33 (Readjust if significantly differant from target.

Comments: record any difficuities or discrepancies

B
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AP105-PSC Batch Size: 2L
Base Solution 2007 Version pH: 13+ AP105-PSC

Balance Device ID: 020 NIST Weight (4¢ g): - 6600

Balance Device ID: [} NIST Weight (5mg 9): B0 .0

Technician: {\NO 2 #Queq pate: [ /109 /Q Tracking: _ 73
Add 6 120&? mi Dt water to a beaker.

Insert Teflon stitbar and thermocouple, and place on stirrer / hotplate. yi

Tum on heater and adjust to 60°C (£10°C).
Add the following chemicals and record thelr actual weights:

Required Actual .
Chemical Formuta Mass (g) Mass (g)  Comments
Sodium Aluminate ~ [naaio,2H0 3535 35.9L
Sodium Chioride INaCi 360] .3, to
Sodium Fluoride ~INaF 0.76] O¢%b
Sodium Chromate Na,CrO, 343] 3.4
Sodium Sulate Na, SO, . 134 12,40
Sodium Phosphate, 12-Hydrate Na;PO, 12H,0 2288 A2 %%
Sodium Formate NaHCOO 1.36] 1%}
Sodium Acetate Trihydrate NaCH,CO00.3H,0 2.04] Jd-oy
Sodium Oxalate Na,C,0, 201 .o
Sodium Carbonate "~ JNa,CO, 6911 .80
Sodium Nitrale [NaNO, 605.88] 05,4
Potassium Nitrate KNO, 2.69 e Y0
Sodium Nitrite NalNO, 3726] »%.20
GiycolicAcd H,Oy 1.62 to b
Sodium Hydroxide INsoH 14.00] 4. 1L
* Sodium fluoride is highly toxic. Handle with caution.
Adjust total solution volume to : 1700 ml by adding Di water.

Adjust solution temperature to 50°C to 60°C. -
Filter solution by vacuum through medium glass fitter. Handle with caution, hot and caustic solution .

Rinse beaker with approximately 50 mL of Dt water .

Rinse filter with approximately 50 ml. of Di water EOAD
Transfer final fittrate and rinse solutions to large beaker with stir bar. e ?)355' PRGVED
Measure and record initial pH 2, z?ﬁ

Check the pH to make sure itis 13+

Transfer to volumetric flask and include rinse with DI water. Allow solution to cool
2 L with DI water, and mix thoroughly.

Adjust final solution to volume of
SUM Totel chemicals (target) 81549g  Total chemicals (actual) %
Total water (target) . 2L Total water (actual)
Target Specific Density 1.41 Calcutated density Yl
Check final solution pH and record. pH= [ J00Readjust if significantly different from target. -

Comments: record any difficulties or discrepancies

A-4



RPP-RPT-37505, Rev. 0

AP105-PSC Batch Size: 4L :
Base Solution 2007 Version pH: 13+ AP105-PSC
Balance Device ID: 040 NIST Weight ( £0g): .
Balance Device ID: ok NIST Weight (500 g): 5P -7
Technician: NOq K& Ll ey Date: // / %/ 0 % Tracking : 76
( Q
Add 0 2400 L mL Dl water to a beaker.
Insert Tefion stirbar and thermocouple, and place on stirrer / hotplate.
Tum on heater and adjust to 60°C (£10°C).
Add the following chemicals and record their actual weights:
Required Actual
Chemical Formula Mass (g) Mass'’ Comments
Sodium Aluminate NaAlO,.2H;0 7071 0 H
Sodium Chioride NaCl 7.20] 1.8
Sodium Fluoride NaF 1.53 [ 5%
Sadium Chromate Na,CrO, 6.87 L5
Sodium Sulfate Na,SO, 2682 TN
Sodium Phosphate, 12-Hydrate Na,PO, 12H,0 45771 A5.%%
Sodium Formate NaHCOO 272] &34
Sodium Acetate Trihydrate NaCH;C00.3H,0 4.08] AL0%
Sodium Oxalate Na,C,0, 402] A.08
Sodium Carbonate Na,CO, 138.21] 198>
Sodium Nitrate NaNO, 1211.75] Wi, (-
Potassium Nitrate KNO, 538 b.40
[Sodium Nitrite NaNO, 74.52| -
Glycolic Acid C;HO, 323  5.93 | 1hecpimbiown
Sodium Hydroxide NaOH 28.18] AR &G JAisovle ?\m‘{)-‘\n\.v P

* Sodium fluoride is highly toxic. Handle with caution.

Adjust total solution volume to

3400 ml by adding DI water.

Adjust solution temperature to 50°C to 60°C.
Fiiter solution by vacuum through medium glass filter. Handle with caution, hot and caustic solution .
Rinse beaker with approximately 50 mL of DI water
Rinse filter with approximately 50 mL of DI water

Transfer final filtrate and rinse solutions to Ia;ge

Measure and record initial pH
Check the pH to make sure it is

b{aker with stir bar.

13+

4

QA APPROVED

NAME: Qo

DATE:_:5-0g

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

Adjust final solution to volume of

4 L with DI water, and mix thoroughly.

Sum Total chemicals (target)
Total water (target)

Target Specific Density

1630.98 g
4L

1.41

Total chemicals (actual)
Total water (actual)
Calculated density

ﬂ'gl JC’
A

2N

Check final solution pH and record.

Comments: record any difficulties or discrepancies

Ve
pH=1 3‘4yeadjust if significantly different from target.

A-5



RPP-RPT-37505, Rev. 0

AP105-PSC Batch Size: aL

Base Solution 2007 Version pH: 13+ [AP105-PSC

Balance Device ID: 040 NIST Weight ( /O g): 0. 6000

Balance Device 1D: UTs NIST Weight (500 9): 500- 0

Technician: NO YU Kl( ( ey Date: X / ! / 0% Tracking: 77
9

Add 2400 L ml DI water to a beaker.

Insert Teflon stirbar and thermocouple, and place on stirrer / hotplate.
Tum on heater and adjust to 60°C (+10°C).
Add the following chemicals and record their actual weights:

Required Actual
Chemical Formula Mass (g) Massfg)  Cc ts
Sodium Aluminate NaAlQ,.2H,0 7071} %0. }D
Sodium Chioride NaCl 7.20]  Hs280
Sodium Fluoride NaF 1.53 1, 55
Sodium Chromate Na,CrO, 6.87]  b.¥H
Sodium Sulfate Na,S0, 26,82 J6.34
Sodium Phosphate, 12-Hydrate NayPO, 12H,0 45771  45.%0
Sodium Formate NaHCOO 272] Jd.74
Sodium Acetate Trihydrate NaCH,C00.3H,0 4.08 Ai09
Sodium Oxalate Na,C,0, 4.02 ,0d
Sodium Carbonate Na,CO4 138.21] /3%, 3
Sodium Nitrate NaNO; 1211750 A4
Potassium Nitrate KNO, 538 $.A0
Sodium Nitrite NaNO, 7452 T4 b
Glycotic Acid C,H,0, 3.23 X Yorall  preci priorhba occure
Sodium Hydroxide NaOH 28.18] &, % iz dlkcs ada Loy
Sodium fluoride is highly toxic. Handle with caution. ’ b@ 2, ;} 3 0
Adijust total solution volume to 3400 mL by adding Di water.

Adjust solution temperature to 50°C to 60°C.
Filter solution by vacuum through medium glass filter. Handle with caution, hot and caustic solution .

Rinse beaker with approximately 50 mL. of DI water .
Rinse filter with approximately 50 mL of DI water i ﬁ A P P ROVED
Transfer final filtrate and rinse solutions to large beaker with stir bar.
Measure and record initial pH If. 4% NAME: QQd,M‘
Check the pH to make sure itis 13+

DATE:__2-=08

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

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

SUM Total chemicals (target) 1630.98 g Total chemicals (actual) 1651 72 |4
Total water (target) 4L Total water (actual) ACOO me
Target Specific Density 1.41 Calculated density e M

Check final solution pH and record. pH= B4 %Readjust if significantly different from target.

Comments: record any difficuities or discrepancies




RPP-RPT-37505, Rev. 0

AY101-PSC Batch Size: 2L
Base Solution 2007 Version pH: >13 AY-101-PSC
Balance Device ID: Q40 NIST Weight { /0g): 70,0000
Balance Device ID: Y0¥ NIST Weight (5c0 g): S. 0O
’ 5 ¢
Technician: Nd A k&f [&L‘( Date: ot i {0 % Tracking: 78
d c
Add 1200 L mL DI water to a beaker.
Insert Teflon stirbar and thermocouple, and place on stirrer / hotplate.
Turn on heater and adjust to 60°C (£10°C). E
Add the following chemicals and record their actual weights:
Required Actual
Chemical Formula Mass (g) Mass {(g) Comments
Sodinum Alumniate NaAIQ,.2H,0 2525 25.3°F
Sodium Chloride NaCl 213] el
Sodium Fluoride NaF 1.16 {s | F
Sodium Chromate Na,CrO, 0.92] O«9&
Sodium Sulfate Na,SO, - 565 2.(S
Sodium Phosphate, 12-Hydrate NayPO, 12H,0 377 JpH
Sodium Formate NaHCOO 1.73] 35
Sodium Acetate Trihydrate NaCH;CO0.3H,0 241 Jd-4<
Sodium Oxalate Na,C,0¢ 1.34 24
Saodium Carbonate Na,CO; 4261] A &
Sodium Nitrate NaNO; 226.07] of¥b. D
Sodium Nitrite NaNQ, 2829] 8.0 .
Sodium Silicate Na;Si05.9H,0 0.99 Lo R
Glycolic Acid C,H.0, 160  AHSH P
Sodium Hydroxide NaOH 56.88] Db.q

* Sodium fluoride is highly toxic. Handle with caution.

Adjust total solution volume to

Adjust solution temperature to 50°C to 60°C.
Fiiter solution by vacuum through medium glass filter. Handle with caution, hot and caustic solution .
Rinse beaker with approximately 50 mL of DI water
Rinse filter with appraximately 50 mL of DI water
Transfer final filtrate and rinse solutions to

Measure and record initial pH

A2AA1 (i L %’\\&«(
1700 ml. by adding D! water.

[Brgf ker with stir bar.
(4

GA APPROVED

Check the pH to make sure itis >13 non-standaﬁ q—M E: P drinns
Transfer to volumetric flask and include rinse with DI water. Allow solution to cool 3 ) TE- Trt2-09
‘Adjust final solution to volume of 2 L with DI water, and mix thoroughly.
SUM Total chemicals (target) 434.74 g Total chemicals (actual) 43441 13
Total water (target) 2L Total water (actual) 2000 me
Target Specific Density 1.22 Calculated density lo AR
Check final solution pH and record. pH= %eadjust if significantly different from target.

Comments: record any difficulties or discrepancies

A-7



RPP-RPT-37505, Rev. 0

Adjust total solution volume to

3400 ml by adding Di water.

Adjust solution temperature to 50°C to 60°C.
Filter solution by vacuum through medium glass filter. Handle with caution, hot and caustic solution .
Rinse beaker with approximately 50 mL of DI water
Rinse filter with approximately 50 mL of DI water

Transfer final filtrate and rinse solutions t

Measure and record initial pH
Check the pH to make sure it is

13+

T ,glrafgeaker with stir bar.
Y

———

QA APPROVED

AP105-PSC Batch Size: 4L
Base Solution 2007 Version pH: 13+ AP105-PSC
Balance Device [D: O NIST Weight (8@ g): Qo - 0000
Balance Device ID: <R NIST Weight (3¢p g): - Do -0
Technician: NO‘L( K’ 1 (f o Date: 2 / 4 (0 Qs Tracking : 79
C <
Add 2400 L mL DI water to a beaker.
" Insert Teflon stirbar and thermocouple, and place on stirrer / hotplate.
Tum on heater and adjust to 60°C (£10°C).
Add the following chemicals and record their actual weights:
Required Actual
Chemical Formula Mass (g) Mass {g) Comments
Sodium Aluminate NaAIO,.2H,0 7071 40. 3
Sodium Chioride NaCl 7.201 v 0
Sodium Fluoride NaF 1683 1.52
Sodium Chromate NazCr0,.4H,0 9.92] 0.0
Sodium Sulfate Na,S0, 26.82] Rf.34
Sodium Phosphate, 12-Hydrate Na;PO, 12H,0 4577 I». %™
Sodium Formate NaHCQO 272 1>
Sodium Acetate Trihydrate NaCH,C00.3H,0 408] A0
Sodium Oxalate Na,C;0, 4.02 A 0D
Sodium Carbonats Na,CO, 138211 131, 9
Sodium Nitrate NaNO, 1211.75) [EYEN
Potassium Nitrate KNO; 5.38 5 ,9%
Sodium Nitrite NaNO, 74.52] 7458
Glycalic Acid C,H,0, 3.23 2.9/
Sodium Hydroxide NaOH 28.18] LB/,
* Sedium fluoride is highly toxic. Handle with caution. ’ b?}’d < A

DATE:__J-is08
Transfer to volumetric flask and include rinse with DI water. Allow solution to cool
Adjust final solution to volume of 4 L with DI water, and mix thoroughly.
SUM Total chemicals (target) 1634.03 g Total chemicals (actual) 16948k
Total water (target) 4L Total water (actual) AOO0
Target Specific Density 1.41 Calculated density o Al

Check final solution pH and record.

Comments: record any difficulties or discrepancies

e
pH=l‘§:/}SReadjust if significantly different from target.

A-8



RPP-RPT-37505, Rev. 0

AP105-PSC Batch Size: 4L
Base Solution 2007 Version pH: 13+ AP105-PSC
0.6M nitrite
Balance Device ID: 0a0 NIST Weight (40g): - 60C0)
Balance Device ID: G1% NIST Weight (op 9): .0
Technician:  {\\o( LQ“&,( Date: él( / ‘H 0% Tracking : 80
Add 2400 L ml DI water to a beaker.
Insert Teflon stirbar and thermocouple, and place on stirrer / hotplate.
Tum on heater and adjust to 60°C (£10°C).
Add the following chemicals and record their actual weights:
Required . Actual
Chemical Formula Mass (g) Mass (g} Comments
Sodium Aluminate NaAl0,.2H,0 70.71) %41, 39
Sodium Chiaride NaCl 720 7. 40
Sodium Fluoride NaF 1.53 [+ 32
Sodium Chromate Na,Cr0,.4H,0 9.92] 100
Sodium Sulfate NaSO, 26.82] i %>
Sodium Phosphate, 12-Hydrate NazPO, 12H,0 4577 4O R
Sodium Formate NaHCOO 272 d.%49
Sodium Acetate Trihydrate NaCH,COO0.3H,0 4.08 A0
Sodium Oxalate Na,C,0,4 4.02 2,04
Sodium Carbonate Na,CO; 13821 19%.&Q
Sodium Nitrate NaNCs : 1211.75] /A Q
Potassium Nitrate KNO, 538 5.2¢
Sodium Nitrite - NaNO, 165.60] &5,
Glycolic Acid CH,O5 3.23 3.8
Sodium Hydroxide NaOH 28.18] d¥.9¢
* Sodium fluoride is highly toxic. Handle with caution. [C)-o() (S déﬁ
Adjust total solution volume to 3400 mL by adding DI water.

Adjust solution temperature to 50°C to 60°C.
Filter solution by vacuum through medium glass filter. Handle with caution, hot and caustic solution .

Rinse beaker with approximately 50 mL. of DI water

Rinsa filter with approximately 50 mt. of Df water QA APP BOVE D
Transfer final filtrate and rinse solutions to large beaker with stir bar. :
Measure and record initial pH § '§§ _ NAME:_Celunns
Check the pH to make sure it is 13+

DATE:__2s-vg

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

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

SUM Total chemicals (target) 1725.11¢g Total chemicals (actual) F35 ¢S54 3
Total water (target) 4L Total water (actual) Agéo me
Target Specific Density 1.43 Calculated density JaAD

Check final solution pH and record. pH= 'ag%eacﬂust if significantly different from target.

Comments: record any difficulties or discrepancies

A-9



RPP-RPT-37505, Rev. 0

AP105-PSC Batch Size: 4L
Base Solution 2007 Version pH: 13+ AP105-PSC
Balance Device ID: od5 NIST Weight (40 g): J0. 0000
Balance Device ID: 0% NIST Weight ( S¢o g): 500.6
Technician: NOE( Klu&‘{ Date: J { 3% (0%/ Tracking : 81

~J
Add Q 2400 L mL DI water to a beaker.
Insert Teflon stirbar and thermocouple, and place on stirrer / hotplate.
Tum on heater and adjust to 60°C (10°C).
Add the following chemicals and record their actual weights: )

Required Actual

Chemical Formuta Mass {(g) Mass (g) Comments
Sodium Aluminats NaAlO;.2H,0 7071 PB. 1>
Sodium Chloride NaCl 720] 430
Sodium Fiuoride NaF 153  1.5a
Sodium Chromate Na,Cr0,.4H,0 9.92] 4,4y,
Sodium Suifate Na,SO, 26.82] Ab.%b
Sodium Phosphate, 12-Hydrate NazPO, 12H,0 45770 A519%
Sodium Formate NaHCOO 272 o049
Sodium Acetate Trihydrate NaCH,COO 3H,0 408] 4.09
Sodium Oxalate Na,C,0, 4.02 4,02
Sodium Carbonate Na,CO, 13821 |9%.2
Sodium Nitrate NaNO, 1211.75] 131 Q
Potassium Nitrate KNO, 5.38 B>
Sodium Nitrite NaNO, 7452 A, $
Glycolic Acid C,H,O 3.23 ¢ 3% | Stnall owmooni of pACIP Yo bite
Sodium Hydroxide NaOH 2818] 2% 14 |al pwupiwual 7 oened
“ Sodium fluoride is highly toxic. Handle with caution. 115 a}% AT
Adjust total solution volume to 3400 mlL by adding DI water.
Adjust solution temperature to 50°C to 60°C.
Filter solution by vacuum through medium glass filter. Handle with caution, hot and caustic solution .
Rinse beaker with approximately 50 mL of DI water
Rinse filter with approximately 50 mL of D! water
Transfer final filtrate and rinse solutions to large beaker with stir bar.
Measure and record initial pH fir%o? R i+
Check the pH to make sure it is 13+ add 2 4 Naok  to phH 1>

Transfer to volumetric flask and inciude rinse with Di water. Allow solution to cool

Adjust final solution to volume of

4 L with DI water, and mix thoroughly.

SUM Total chemicals (target)
Total water (target)

Target Specific Density

1634.03 g Total chemicals (actual)
4L Total water (actual)
1.41 Calculated density

1b24.5%
A000
AT

Check final solution pH and record.

Comments: record any difficulties or discrepancies OA &

pH= uggReadjust if significantly different from targét.

19 o
\J

of Neor

Q

4o Q;\\e ¢
_\\

.?rf) 12
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DATE:
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RPP-RPT-37505, Rev. 0

AP105-PSC Batch Size: 4L
Base Solution 2007 Version pH: 13+ AP105-PSC
Balance Device ID: 00 NIST Weight (32 g): . 6000
Balance Device ID: [HES NIST Weight ( 500 @): &0« O
Technician: N0 YU Ka( [€ “ pate: 3[n{ 0¥ Tracking : 82
] [}
Add 2400 L ml Dl water to a beaker.
Insert Teflon stirbar and themmocouple, and place on stirrer / hotplate.
Tum on heater and adjust to 60°C (+10°C).
Add the following chemicals and record their actual weights:
Required Actual
Chemical Formula Mass (g) Mass (g}  Comments
Sodium Aluminate NaAlO,.2H,0 70.71| Fo. 3|
Sodium Chioride NaCl 720l .90
Sodium Fluoride NaF 1.53 1.5%
Sodium Chromate NayCr0,.4H,0 9.92 4.9 9
Sodium Sulfate Na,S0, 26.82] .o
Sodium Phosphate, 12-Hydrate NasPO, 12H,0 4577 AS.%0
Sodium Formate NaHCOO 272 434
Sodium Acetate Trihydrate NaCH,C00.3H,0 4.08 A0
Sodium Oxalate Na,C,04 4.02 4.0,
Sodium Carbonate Na,CO,4 138.21 %, &
Sodium Nitrate NaNO, 1211.75]  jolld
Potassium Nitrate KNO;, 538 H-AD
Sodiura Nitrite NaNO, 7452 ThX
Glycolic Acid C2H404 3.23 2.4
Sodium Hydroxide NaOH 28.18] &5

* Sodium fluoride is highly toxic. Handle with caution.

Adijust total solution volume to

3400 mL by adding DI water.

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

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

Rinse beaker with approximately 50 mL of DI water
Rinse filter with approximately 50 mL of DI water
Transfer final filtrate and rinse solutions to large beaker with stir bar.

Measure and record initial pH
Check the pH to make sure it is-

/e

13+

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

Adjust final solution to volume of

4 L with DI water, and mix thoroughly.

QA APPROVED
NAME;_Qadun~

SUM Total chemicals (target)
Total water (target)

Target Specific Density

1634.03 g Total chemicals (actual)
4L Total water (actual)
1.4 Calculated density

10537 ]
A000
eA]

Check final solution pH and record.

Comments: record any difficulties or discrepancies

pH=15',| ¢ Readjust if significantly different from target.

A-11
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KRPP-RPT-37505, Rev. 0

SY103-PIL Batch Size: 4L
Base Solution 2008 Version pH: 13+
Balance Device ID: 0020 NIST Weight (& g): /%799
Balance Device ID: oA 9 NIST Weight (peo @) 100°

pate: %//9/08

SY103-PIL

Technician: E m ; ‘y

Add the following chemicals and record their actual weights:

Tracking : 85

. Required Actual
Chemical Formula Mass (g) Mass (g) Comments
In the first container measure 2400 mL D! water, heat to 80-90°C using hot-plate
Sodium Aluminate Na,AlO, 675.680] £75.7
Sodium Hydroxide NaOH 388.800] 3%%.9
In a separate container measure 1000 mi DI water
Copper Nitrate 2.5-hydrate Cu(NO,),.2.5H,0 0.186| 0.i133
Ferric Nitrate 9-hydrate Fe(NO3);.9H,0 0.808] 0.309
Add the following Org (to the d container)
Sodium Acetate 3-hydrate NaCHsC00.3H,0 23.896] 23.90Q
Sodium Formate NaHCOO 51.144] S1LIG G
Glycolic Acid C.HOy 14.39] 14.38 . -
Sodium Oxalate Na,C,0, 2.358] 2. 35%
Citric Acid 1-hydrate CeHaO7.H,0 16.643| 1, i, 4}
Disodium EDTA Na,CioH1405.2H,0 13.103{ 13 103
- [HEDTA CqoH:aN:07 4.897] U %91
Nitrilotriacetic Acid CeHgNO, 1.682] 1.4,%3
Iminodiacetic Acid CH;NO, 10.542] 10. 544
Combine the two solutions into one tainer, maintain a temperature of 50°C. Add the 1g ¢h |
Baric Acid H380; 3.263 3.aLL
Sodium Chromate Na,CrO, 4H,0 0.936] 0.930
Potassium Molybdate K,MoO, 1.714] V 7y
Potassium Nitrate KNO, 51.712] 51.7103
Sodium Chloride NaCl 115.945] 1s.C
'Sodium Nitrate NaNO, 625.600{ ()5 b
Sodium Nitrite NaNO, 803.160] ¥03. 2
Sodium Phosphate, 12-Hydrate NaPO, 12H,0 41.800{ U1.77K9
Sodium Sulfate Na,SO, 9.486] Q43U
Sodium Carbonate Na,CO; 52.152] L.«

Rinse filter with approximately 50

Adjust final solution to volume of

mL of DI water

4 L with Dl water, and mix thoroughly.

Transfer final filtrate and rinse solutions to large beaker with stir bar.
Transfer to volumetric flask and include rinse with DI water.

Filter solution by vacuum through medium glass filter. Handle with caution, caustic solution .
Rinse beaker with approximately 50 mL of Dl water

SUM Total chemicals (targe
Total water (target)

Target Specific Densit

2910

g Total chemicals {actual)

4L Total water (actual)
1.73 Calculated density

J910,0%1
HeoO
(73

Check final solution pH and recor

o
p=14° Readjust if significantly different from target.

Comments: record any difficulties or discrepancies

QA APPROVED

A-12

DATE: -2 w8
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RPP-RPT-37505, Rev. 0

AW105 Interstitial Batch Size: 4L
Base Solution 2008 Version pH: 13+ AW 105-PIL
Balance Device ID: 5026 NIST Weight (2, 9):.20 .G o6

Balance Device ID: 00 ¢ NIST Weight (/aow 9)./000 0

86

Technlclané,_/zﬂ L/—e Date: 3-2( ) Tracking :

7
Add the following che@é and record their actual weights:

v

~

L

P

<

Required Actual
Chemical Formula Mass (g) Mass (g) Comments
In the first container 2400 mL DI water, heat to 80-90°C using hot-plate
Sodium Aluminate Na,AlO, . 5.248| 5. 2,4
Sodium Hydroxide NaOH 72.032] 27 .05
in a separate container measure 1000 mL Dl water
¢ |Cobaltous Nitrate 6-hydrate Co(NO3),.6H,0 0.028]| 5.027
Nickel Nitrate 6-hydrate Ni(NQ3),.6H,0 0.081] 5,083
Add the following Organics (to the second container) :
Sodium Acetate 3-hydrate NaCH,C00.3H,0 3.369] 3 320
Sodium Formate NaHCOO 0.884 XY
Sodium Oxalate NazC,04 1.726] | E2S
Tributyl Phosphate CyoHyy 0P 5.192| %~/ 33
* {1-Butanol C.HyOH 3.705] 3. 20,
- |Dibutyl Phosphate CeHigOP 10.500] jo . </
Combine the two solutions into one container, maintain a temperature of 50°C. Add the ining ch I
Boric Acid H3B0; 0.156] 5 1S
Sodium Chromate Na,CrO, 4H,0 0.192| 5 .19Y
Potassium Molybdate K2MoO, 0.028{,09972
- |Potassium Nitrate KNO, 88072 ¢. 2
Zirconyl Nitrate 1-hydrate ~ [ZrO(NO,),.H,0 0.005] 0.00F
Sodium Chioride NaCl 2384| 7 2,2
Sodium Fluoride NaF 97608 I s
Sodium Nitrate NaNOg 68.340| (3D
Sodium Nitrite NaNO, 34.224] 24,7,
Sodium Phosphate, 12-Hydrate Na;PO, 12H,0 4.864] 4 $50
Sodium Sulfate Na,S0, 7.895] ¥ .2%2 ﬁ
Sodium Carbonate Na,CO, 40.958| 4/
Filter solution by vacuum through medium glass filter. Handle with cautlon, hot and caustic solution .
Rinse beaker with approximately 50 mL of DI water
Rinse filter with approximately 50 mL of DI water
Transfer final filtrate and rinse solutions to large beaker with stir bar.
Transfer to volumetric flask and include rinse with DI water. Allow solution to cool -
L
Adjust final solution to volume of 4 L with DI water, and mix thoroughly. "%

SUM Total chemicals (target) X 447.49¢g Total chemicals (actual) g g i:g g
: Total water (target) 4 L Total water (actual) [ENI
Target Specific Density 1.11 Calculated density Lil

Check final solution pH and record. pH= Bl Readjust if significantly different from target.

Comments: record any difficulties or discrepancies

A-13

NAME :_(0rfe

DATE: 22605
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AP105-PSC

Base Solution 2007 Version

Balance Device ID:
Balance Device ID:

Technician: Jesse RhodeS

RPP-RPT

)
oo ¢

-37505, Rev. 0

Batch Size:
pH:

4L
13+

AP105-PSC
3.85M nitate, no nitrite

" NIST Weight (10 g):i0.0000 —

4/iJog

Date:

Add

2400 L mL DI water to a beaker.

Insert Teflon stirbar and thermocouple, and place on stirrer / hotplate.
Tum on heater and adjust to 60°C (+10°C).
Add the following chemicals and record their actual weights:

NIST Weight (So  9): 99994 —

Tracking : 87

Required Actual
Chemical Formula Mass (g) Mass (g} Comments
Sodium Aluminate NaAlO,.2H,0 70.71} 70.70
Sodium Chioride NaCl 7.20] 7.203
Sodium Fluoride NaF 1.53] 1.530
Sodium Chromate Na;CrO,.4H,0 9.92] 9.93a
Sodium Sulfate Na; SO 26.82| M, 30
Sodium Phosphate, 12-Hydrate Na,PO, 12H,0 45.77] 45.%0
Sodium Formate NaHCOO 2.72] . 0%
Sodium Acetate Trihydrate NaCH,CO0.3H,0 4.08[ 4.08
Sodium Oxalate Na,C,0, 4.02{ 4.0
Sodium Carbonale Na,CO, 138.21 aa%%o
Sodium Nitrate NaNO, 1211.75] |211.30
‘|Potassium Nitrate KNO, 114.57] {\.L0
Sodium Nitrite NaNO, 0.00
Glycolic Acid C,HO, 3.23{ 3.d44
Sodium Hydroxide NaOH 28.18] ' 2%.a0

* Sodium fluoride is highly toxic. Handle with caution.

Adjust total solution volume to

3400 mL by adding DI water.

Adjust solution temperature to 50°C to 60°C.
Filter solution by vacuum through medium glass filter. Handle with caution, hot and caustic solution.
Rinse beaker with approximately 50 mL of DI water
Rinse filter with approximately 50 mL of DI water

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

Measure and record initial pH
Check the pH to make sure it is

14.0M

13+

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

Adjust final solution to volume of

4 L with DI water, and mix thoroughly.

SuUM Total chemicals (target)
Total water (target)

Target Specific Density

1668.70 g Total chemicals (actual)
4L Total water (actual)
1.42 Calculated density

et

L4

Check final solution pH and record.

Comments: record any difficulties or discrepancies

SRAStorf- gR

pH= '335Readjust if significantly different from target.

GAAPPROYEE—

ALAR I

200
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RPP-RPT-37505, Rev. 0

AP105-PSC Batch Size: aL

Base Solution 2007 Version pH: 13+ AP105-PSC
Balance Device ID: 0020 NIST Weight (10 g: 10.00°0
Balance Device ID: 0018 NIST Weight ( 5O g): 49.9999
Technician:  Jesse Rhodcs pate: Y / 9/ 0% Tracking : 88
Add 2400 L mlL D! water to a beaker.

Insert Teflon stirbar and thermocouple, and place on stirrer / hotplate.

Tum on heater and adjust to 60°C (+10°C).

Add the following chemicals and record their actual weights:

Required Actual

Chemical Formula Mass (g) Mass (g) Comments
'Sodium Aluminate NaAlO,.2H,0 70.71] 0.710

Sodium Chloride NaCl 7.20] 7.301

Sodium Fluoride NaF 1.53] 1.530

Sodium Chromate Na,CrO,.4H,0 9.92{9.919

Sodium Sulfate Na,SO, 26.82] N, %0

Sodium Phosphate, 12-Hydrate NasPO, 12H,0 45.77] U5 §0

Sodium Formate NaHCOO 2.72] 2.3}

Sodium Acstate Trihydrate NaCH;C00.3H,0 4.08] 4 018

Sodium Oxalate Na,C,0, 4.02] 4.019

Sodium Carbonate Na,CO, 138.21] 1 3§.20

Sodium Nitrate NaNO, 1211.75] 1214.90

Potassium Nitrate KNO, 5.38] 5.37%

Sodium Nitrits NaNO, 74.52] )4 50

Glycolic Acid CHO;, 3.231 3.333

Sodium Hydroxide NaOH 28.18[ 3% {C

* Sodium fluoride is highly toxic. Handle with caution.

Adjust total solution volume to 3400 mL by adding DI water.

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

Filter solution by vacuum through medium glass filter. Handle with caution, hot and caustic solution .
Rinse beaker with approximately 50 mL of Di water

Rinse filter with approximately 50 mL of D! water

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

Measure and record initial pH s

Check the pH to make sure it is 13+
Transfer to volumetric flask and include rinse with DI water. Alfow solution to cool
Adjust final solution to volume of 4 L with Dl water, and mix thoroughly.
SUM Total chemicals (target) 1634.03 g Total chemicals (actual) 1L,33.%

Total water (target) 4L Total water (actual) [
Target Specific Density 1.41 Calculated density g 440 148

Check final solution pH and record.

pH=1419 Readjust if significantly different from target.

Comments: record any difficulties or discrepancies

0y

NANVIE. ===
DATE: 100

A-15



RPP-RPT-37505, Rev. 0

M Leax

AP105 - Mixed Supernate Batch Size: 4L
Base Solution 2008 Version pH: 13+ AP105-Mixed Super
Balance Device ID: 0 4o NIST Weight ( dog): do . 0000
Balance Device ID; 22K NIST Weight ( 5009): Co- O
Technician: NOL{ WH € Date: /{ ’ 4 { 0% Tracking: __ 89

[¢}
Add 2400 L mL DI water to a beaker.
Insert Teflon stirbar and thermocouple, and place on stirrer / hotplate.
Turn on heater and adjust to 60°C (£10°C).
Add the following chemicals and record their actual weights:

Required Actual

Chemical Formula Mass (g) Mass (g) Comments
Sodium Aluminate NaAIO,.2H,0 9204 92, & [ Clouwmdy thu
Sodium Chloride NaCl 912 9,19 "
Sodium Fluoride NaF 437 4,949
Sodium Chromate 4-hydrate Na,Cr0,.4H,0 7.49]  #.50 Veilo w)
Sodium Sulfate Na,SO, 2273 L5,
Sadium Phosphate, 12-Hydrate NasPO, 12H,0 4561} 4S5+
Sodium Formate NaHCQO 3.13 3.1
Sodium Acetate Trihydrate NaCH,C00.3H,0 5.72 5. %y
Sodium Oxalate Na,C,0, 6.16 el G
Sodium Carbonate Na,CO;, 11617 1ib. & Clourdy
Sadium Nitrate NaNO, 927.07] 92322 °
Potassium Nitrate KNO, 52.57] T B
Sodium Nitrite NaNO, 11399 ({40
Giycolic Acid (70% solution) CHO; 496]  A4.9¢ |If> Precrpitah@
Sodium Hydroxide NaOH 152.32] 1520 &4 | Claatn Al preciphd o
Ammonium Acetste NH,CH,CO0 1.23 v 2 v
* Sodium fluoride is highly toxic. Handle with caution. Small  argount 0% w o Lc f/h e cad

Adjust total solution volume to

3400 mL by adding DI water.

Adjust solution temperature to 50°C to 60°C.
Filter solution by vacuum through medium glass filter. Handle with caution, hot and caustic solution .
Rinse beaker with approximately 50 mL of DI water

Rinse filter with approximately 50 mL of D! water

Transfer final filtrate and rinse solutions to IfzgeLbeaker with stir bar.

Measure and record initial pH
Check the pH to make sure it is

13+

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

Adjust final solution to volume of

4 L with Dl water, and mix thoroughly.

om ‘kx'“-er

e

SUM Total chemicals (target)
Total water (target)

Target Specific Density

1564.67 g Total chemicals (actual)
4L Total water (actuat)
1.39 Calculated density

4000

+59

Check final solution pH and record.

pH= 12 -'_Readjust if significantly different from target.

Comments: record any difficulties or discrepancies

A-16
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RPP-RPT-37505, Rev. 0

%)
AP1 OS-PSC Batch Size: 4 L
Base Solution 2007 Version pH: 13+ AP105-PSC
Balance Device ID: 00 NIST Weight (£ g): ~e00
Balance Device ID: J1% NIST Weight ( 500 g): B0o. O
Technician:  Noy  Kelley Date: 4 /IAlO% Tracking: 90
-
Add 2400 mL DI water to a beaker.
insert Teflon stirbar and thermocouple, and place on stirrer / hotplate.
Turn on heater and adjust to 60°C (+10°C).
Add the following chemicals and record their actual weights:
) ' Required Actual
Chemical Formula Mass (g) Mass (g) Comments
Sodium Aluminate NaAlO,.2H,0 7071 020 Cleundy
Sodium Chioride NaCi 7.20] 9.93 *
Sodium Fluoride NaF 1.53] [.50 "
Sodium Chromate Na,Cr0,.4H,0 9.92] 4.4 !
Sodium Suifate Na, SO, 26.82] b xh n
Sodium Phosphate, 12-Hydrate Na,P0O, 12H,0 45771 4.0 »
Sodium Formate NaHCOO 2.72 J.84 "
Sodium Acetate Trihydrate |NaCH;C00.3H,0 4.08] 409 .
Sodium Oxalate N8,C,04 402} 4,02 »
Sodium Carbonate Na,CO3 138.21]  19%.4 '
Sodium Nitrate NaNO, 1211.75] K/l § “
Potassium Nitrate KNO, 538] P40 4
Sodium Nitrite NaNO, 74.52 24,5 v
Glycolic-Acid C,H O, 3231 .49 s
Sodium Hydroxide NaOH 28.18] J%. 43 -

* Sodium fluoride is highly toxic. Handle with caution.

Adijust total solution volume to

Selo Mo clray Whan X\'\ b g

3400 mL by adding DI water.

Adjust solution temperature to 50°C to 60°C.
Filter solution by vacuum through medium glass filter. Handlfe with caution, hot and caustic solution .
Rinse beaker with approximately 50 mL of DI water
Rinse filter with approximately 50 mL of DI water
Transfer final filtrate and rinse solutions to

Measure and record initial pH

’%’gﬁ Qeaker with stir bar.
e

QA APPROVED

NAME:_(d cluen

Check the pH to make sure itvis 13+ D ATE . 41808

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

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

SUM Total chemicals (target) 1634.03 g Total chemicals {actual) 524,513
Total water (target) 4L Total water (actual) ApoO me
Target Specific Density 1.4 Calculated density Jo A1

Check final solution pH and record.

Comments: record any difficuities or discrepancies 2olu Won C\

pH= I 3;13 Readjust if significantly different from target.

but cleos whorn

ouudy

2

T Aooly 7.5 4 o] UWR_p

MY

cowdny Cnena cell OLet o g/v(&t\‘ QMN%,&@O,.
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RPP-RPT-37505, Rev. 0

Evaporated Supernate Batch Size: 2L
Base Solution 2008 Version pH: 14 Evaporated Supernate
Balance Device ID: 035G NIST Weight (10 g): 300000
Balance Device 1D: K3 NIST Weight ( 50p 9): L2720
Technician: No U KQ [(eg Date: A /(5[ OQS Tracking : 91

S
Add 1200 mL Dl water to a beaker.

Insert Teflon stirbar and thermocouple, and place on stirrer / hotplate.
Tum on heater and adjust to 60°C (+10°C).
Add the following chemicals and record their actual weights:

Required Actual
Chemical Formula Mass (g) Mass (g) Comments
Sodium Aluminate NaAIO,.2H,0 81.89 gf vj
Sodium Chigride NaCl 8.06] WO*¥
Sodium Fluoride NaF 395 2,92
Sodium Chromate 4-hydrate Na,Cr0,.4H,0 655! 4,55
Sodium Sulfate Na,SO, 20.45] R0.AG
Sodium Phosphate, 12-Hydrate NasPO, 12H,0 40.29 %; 50 KK 4[isl0%
Sodium Formate NaHCOO 2.18 ol% '
Sodium Oxalate Na,C,0, 4291  A90
Sodium Carbonate Na,CO, 103.66] 0% 4
Sodium Nitrate NaNO, 82559 &l.0
Potassium Nitrate KNO, 48511 4. b0
Sodlium Nitrite NaNO, 101.57] jO1. 50
Sodium Hydroxide NaOH 133.60] 1.0
Ammonium Acetate NH,CH,CO0 1.23] A4
* Sodium fluoride is highly toxic. Handle with caution. i2%0.3
Adjust total solution volume to 1700 mL by adding D! water.

Adjust solution temperature to 50°C to 60°C. Stir solution to dissolve all chemicals
Handle with caution, hot and caustic solution .
Adjust final solution to volume of 2 L with DI water, and mix thoroughly.

Maintain solution temperature to 50°C to 60°C. @ A APPROVED

Check the pH to make sure it is 4" 14 NAME: (0.4
DATE: ___4-18-02

SUM Total chemicals (target) 137983 g Total chemicals (actual) 15%0. 1
Total water (target) 2L Total water (actual) 4000 me
Target Specific Density 1.69 Calculated density 1. L4
t )
Check final solution pH and record. pH=14 ' Readjust if significantty different from target.
Comments: record any difficulties or discrepancies,
Reep  d0ludiom 50 ok ol the dimu

\
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RPP-RPT-

37505, Rev. 0

AY101-PSC Batch Size: 2L
Base Solution 2007 Varsion pH: >13 AY-101-PSC
Balance Device ID: cae NIST Weight ( 3¢ g): XC__0eCC
Balance Device ID: Uy NIST Weight { {0 g): t30. ¢
Techniclan: NG A kl “Lv\ Date: § laloy Tracking: 92
Add ‘S 1200 mL DI water to a beaker.
Insert Teflon stirbar and thermocouple, and place on stirrer / hotplate.
Tum on heater and adjust to 60°C {(£10°C).
Add the following chemicals and record their actual weights:
Required Actual
Chemical Formula Mass (g} Mass (g) Comments
Sodium Aluminate NaAIO,.2H,0 25.25| o6, 3|
Sodium Chioride NaCl 213 418
Sodium Fluoride NaF 1.16 {41 .
Sodium Chromate Na,Cr0, 4H,0 1.33 EX)
Sodium Sulfate Na,SO, 565 5.5
Sodium Phosphats, 12-Hydrate NasPO, 12H,0 37.71] Ot
Sodium Formate NaHCOO 173 IeH4
Sodium Acetate Trihydrate NaCH,CO0.3H,0 2411 4. 4D
Sodium Oxalate Na,C,0, 1.34 JECTA
Sodium Carbonate Na,CO; 261 Ad.Et
Sodium Nitrate NaNO, 226.07] .0
Sodium Nitrite NaNO, 2829 2%
Sodium Silicate Na,Si04.9H,0 0.99 (s 0D X
Glycolic Acid CoH(Oy 1.60 li ko
Sodium Hydroxide NaOH 56.88] k. 1Y

* Sodium fluoride is highly toxic. Handl

Adjust total solution volume to
Adjust solution temperature to 50°C to

e with caution.

1700 mL by adding DI water.

60°C.

Filter solution by vacuum through medium glass filter. Handle with caution, hot and caustic solution .
Rinse beaker with approximately 50 mL of DI water .

Rinse filter with approximately 50 mL of DI water
Transfer final filtrate and rinse solutions to l;rgiea beaker with stir bar.

Measure and record initial pH
Check the pH to make sure it is

>13

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

Adjust final solution to volume of

2 L with D! water, and mix thoroughly.

non-standard pH

SUM Total chemicals (target)
Total water (target)

Target Specific Density

43515g Total chemicals (actual)
2L Total water (actual)
1.22 Calculated density

A25.47
d600
!l &09

Check final solution pH and record.

pH= Y1 Readjust if significantly different from target.

Comments: record any difficulties or discrepancies !
5‘&(‘/« p\yh\ﬂ-\o an OCU“?: a_y Rﬂ Ogot \"\/\9\ Nc\a_g \Oa) .A H&O
YWose  ofes dddane,  NAO i i) — 9
‘ 02 13 Not Bpld  IJF 0an V-ite]
o 0 ~ 0

GAAPPROVYED——

NAME:_ o~

DATE:

G -(8-0%

N\
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RPP-RPT-3750S, Rev. 0

AZ102 Batch Size: 4L

Base Solution 2008 Version pH: 12 AZ102

Balance Device iD: G0 NIST Weight ( 40 g): X0 . 6000
Balance Device 1D: Ol NIST Weight (580 g): — 500,0
Technician: NO?S Rﬂ [\ € o4 Date: B /é {0 & Tracking: 93

Insert Teflon stirbar and’thermocouple, ahd place on stirrer / hotplate.
Tum on heater and adjust to 60°C (+10°C).

Add 2400 mL DI water to a beaker or carboy as appropriate
Add the following chemicals and record their actual weights: .
Required Actual
Chemical Formula Mass (g) Mass (g) Comments
Sodium Aluminate NaAlO, 2296| of 3|9
Sadium Chromate 4-Hydrate Na,Cr0, 4H,0 12168} . 134
Potassium Molybdate K,MoO, 0476 0.4
Potassium Nitrate KNO, 28.684] 28,490
Sodium Fluoride NaF 8.736] KR35
Sodium Hydroxide NaOH & 0.000] B.oo
Sodium Nitrate NaNO,3 11.560 1, 5%
Sodium Nitrite NaNO, 243.708] 43, 20
Sodium Sulfate Na,SO, 105.648] [04. O
Sodium Carbonate Na,CO, 257.368] IS9.Y
Sodium bicarbonate NaHCO, 4,032 A.0%
Organics
Sodium Oxalate [Na,C,0, ] [ 9.112]  9.d2 |
Adjust total solution volume to 3400 mL by adding DI water.

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

Filter solution by vacuum through medium glass filter. Handfe with caution, hot and caustic solution .
Rinse beaker with approximately 50 mL of DI water . oy .

Rinse filter with approximately 50 mL of DI water P i Wy & ‘a.l s
Transfer final filtrate and rinse solutions to large beaker with stir bar.

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

Adjust final solution to volume of 4 L with DI water, and mix thoroughly.
SUM Total chemicals (target) 683.79 g Total chemicals (actual) + A4Y '
Total water (target) 4L Total water (actual) A000 _ |Mc
Target Specific Density 1.17 Calculated density 112
Check final solution pH and record. pH= ’aw-fAdjust to required pH using NaOH
Comments: record any difficuities or discrepancies
ao(afo 5 4 of ?\hOH o bying pA st jpdc
VN S
ock e W

cer QA APPROVED
NAME: _¢Qdu
DATE' GL-5-0%
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RPP-RPT-37505, Rev. 0

Evaporated Supernate Batch Size: 2L

Base Solution 2008 Version pH: 14 Nitrite/Nitrate=0.1

Balance Device ID: a0 NIST Weight (X g): ~0000

Balance Device ID: [$1E3 NIST Weight ( 500g): BOo: O

Technician: (N0 e Hall e Date: blidl 0% Tracking: 94
LS L)

Add 1200 mL DI water to a beaker.

Insert Teflon stirbar and thermacouple, and place on stirrer / hotplate.
Turn on heater and adjust to 60°C (10°C).
Add the following chemicals and record their actuai weights:

Required Actual
Chemical Formula Mass (g) Mass (g) Comments
Sodium Aluminate NaAlO, 2H,0 s1.89] 33.0
Sodium Chioride NaCl 8.06 %,0%
Sodium Fluoride NaF 3.95] 3,19
Sodium Chromate 4-hydrate Na,Cr0,.4H,0 6.55) p. 55
Sodium Sulfate Na,SO, 20.45] 0 4%
Sodium Phosphate, 12-Hydrate NasPO, 12H,0 40.29]° Ap.93
Sodium Formate NaHCOO 2.18 Lo |
Sodium Oxalate Na,C,0, 4.29 A,49
Sodium Carbonate Na,CO4 103.66] [04-0
Sodium Nitrate NaNO, 82559] %34S .€
Potassium Nitrate KNO, 46.51 AL, L,
Sodium Nitrite NaNO, 70.38 40,40
Sodium Hydroxide NaOH 133.60 94,0
Ammonium Acstate NH,CH;CO0 1.23 [« X4
* Sodium fluoride is highly toxic. Handle with caution.
Adjust total solution volume to 1700 mL by adding DI water.

Adjust solution temperature to 50°C to 60°C. Stir soiution to dissolve all chemicals
Handle with caution, hot and caustic solution .
Adjust final solution to volume of 2 L with DI water, and mix thoroughly.

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

Check the pH to make sure it is 14

sum Total chemicals (target) 134864 g Total chemicals (actuat) 19A4,%3 4
Total water (target) 2L Total water (actual) 2000 ™ML
Target Specific Density 1.67 Calculated density 1:6%

Check final solution pH and record. pH= IA?Readjust if significantly different from target.

Comments: record any difficulties or discrepancies

OA APPRUOVED
NAME: _Cgdiuwe
DATE;__& 1899
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RPP-RPT-37505, Rev. 0

Evaporated Supernate Batch Size: 1L
Base Solution 2008 Version pH: 2 No aluminate
Lie No NaOH
Balance Device ID: 040 NIST Waeight (0 g): @ 4.
Balance Device ID: AR NIST Weight (500 g): o .f/q{g 500 O
Technician: N oY Ke/((éi{ Date: O / !5 / 0% Tracking : 95
[*a
Add a 600 mL DI water to a beaker.

Insert Teflon stirbar and thermocouple, and place on stirrer / hotplate.
Tumn on heater and adjust to 60°C (+10°C).
Add the following chemicals and record their actual weights:

Required Actual
Chemical Formula Mass (g) Mass (g) Comments
Sodium Aluminate NaAlO, 2H,0 000 o .00
Sodium Chioride NaCl 403] 4.0>
Sodium Fluoride NaF 1971 |.2%F
Sodium Chromate 4-hydrate Na,CrO, 4H,0 328]  3,4%
Sodium Sulfate Na,S0, 1023 [0.87
Sodium Phosphate, 12-Hydrate NaPO, 12H,0 20.15] x0-|%
Sodium Formate NaHCOO 1.09 [s 10
Sodium Oxalate Na,C,0, 214 o<
Sodium Carbonate Na,CO;, 51.83] Bl.vy
Sodium Nitrate NaNO, 412.80] A5, 0
Potassium Nitrate KNO, 2325] Jo g4
Sodium Nitrite NaNO, 51.06] B],0%
Sodium Hydroxide NaCH 0.00 C.-do
Ammonium Acetate NH,CH;COO 0.62 QL
* Sodium fluoride is highly toxic. Handle with caution.
Adjust total solution volume to 850 mL by adding DI water.

Adjust solution temperature to 50°C to 60°C. Stir solution to dissolve all chemicais
Handle with caution, hot and caustic solution .

Adjust final solution to volume of 1 L with Di water, and mix thoroughly.
Maintain solution temperature to 50°C to 60°C.

o+ @ o
Check the pH to make sure it is 12+ non-standard pH

%QAWPA So\eme use all SamnPLn &o& OCP & CPP X

SUM Total chemicals (target) 58244 g Total chemicals (actual)
Total water (target) 1L Total water (actual)
Target Specific Density 1.58 Calculated density
Check final solution pH and record. pH= Readjust if significantly different from target.

Comments: record any difficulties or discrepancies
no  Sample lj.& &
i \Y

(1A APPROVED
NAME:_Coduon

DATE:_t @08
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RPP-RPT-37505, Rev. 0

AP105 - Mixed Supernate Batch Size: 2L
Base Solution 2008 Version pH: 13+ Nitrite/Nitrate=0.1
Balance Device ID: 20 NIST Weight { 40 g): 0~ 0800
Balance Device ID: - OR NIST Weight { 50 g): Boo. |
Technician: NO Y k&u [ATY Date: D / 13 10 % Tracking : 96
R
Add 1200 mlL D! water to a beaker.
Insert Teflon stirbar and thermocouple, and place on stimer / hotplate.
Turn on heater and adjust to 60°C (10°C).
Add the following chemicals and record their actual weights:
Required Actual
Chemical Formula Mass (g) Mass (g) Comments
Sodium Aluminate NaAlO,.2H,0 46.02] AbL.cl
Sodium Chioride NaCl 4.56 4,65
Sodium Fluoride NaF 2.18 92.1%
Sodium Chromate 4-hydrate Na,Cr0,.4H,0 374 3.19¢
Sodium Sulfate Na,SO, 11.36] {[.9%
Sodium Phosphate, 12-Hydrate NazPO4 12H,0 2281 AL, 80
Sodium Formate NaHCOO 1.56] 1c5%
Sodium Acstate Trihydrate NaCH,C00.3H,0 2.86 JdSb
Sodium Oxalate Na;C,0, 3.08 3.10
Sodium Carbonate Na,CO, 58.08 ,5 0%
Sodium Nitrate NaNO; 463.54] A2}
Potassium Nitrate KNO, 2629 0. dS
Sodium Nitrite NaNO, 3864 2R.013
Glycolic Acid (70% solution) C,H,0, 2.48 S0 | Beapitabiovn ofcene
Sodium Hydroxide NaOH 76.16]  76-JdoO i
Ammonium Acetate NH,CH,COO 0.62 ]

* Sodium fluoride is highly toxic. Handle with caution.

Adjust total solution volume to

1700 mL by adding DI water.

Adjust solution temperature to 50°C to 60°C.
Filter solution by vacuum through medium glass fitter. Handle with caution, hot and caustic solution .
Rinse beaker with approximately 50 mL of DI water

Rinse filter with approximately 50 mL of DI water

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

Measure and record initial pH
Check the pH to make sure it is

13+

kﬁ_

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

Adjust final solution to volume of

2 L with DI water, and mix thoroughly.

Total chemicals (target)
Total water (target)
Target Specific Density

SUM

763.98¢g Total chemicals (actual)
2L Total water (actual)
1.38 Calculated density

2% R
060 e
2%

Check final solution pH and record.

pH= a %eadjust if significantly different from target.

Comments: record any difficulties or discrepancies

A-23
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AW105 Supernate

Base Solution 2008 Version

Balance Device ID:
Balance Device ID:

Technician: MOL( h(tﬁ‘i

RPP-RPT-37505, Rev. 0

4L
13+ AW105-PSC

0. 000

Batch Size:

pH:
o NIST Weight (86 g):
o7% NIST Weight (S00 g):

500. O

5 [H 0%

Date:

Add )

2400 L mL DI water to a beaker.

Insert Teflon stirbar and thermocouple, and place on stirrer / hotplate.
Tumn on heater and adjust to 60°C (¥10°C).

Add the following chemicals and record their actual weights:

Tracking : _ﬁ_

d&/.

Required Actual
Chemical Formula Mass (g) 3-F Mass (g) Comments .
Sodium Aluminate Na,AlO, _ Ad.80 +d.30L g pes CS "”lm
Sodium Hydroxide NaOH 42.080] Ad. 1S s N .
Boric Acid | H3BO; 0079 0.1p. \/«
Sodium Chromate Na,CrO, 4H,0 0.037]  6.040 \$
Potassium Molybdate K2MoO4 0.010] 0. 0f§
Potassium Nitrate KNO, 58.338] Jb-2¥
Zinc Nitrate 6-hydrate Zn(NO,), 6H,0 0.036] ©:040
Sodium Chloride NaCl 1.931 r4s
Sodium Fiuoride NaF 26.208] b, 1]
Sodium Nitrate NaNO, 100.504] 700:$p
Sodium Nitrite NaNO, 17.609]  {3.5%
Sodium Phosphate, 12-Hydrate Na;PO, 12H,0 6.794 b X0
Sodium Sulfate Na,SO0, 2988| 3,00
Sodium Carbonate Na,CO4 45622 A45. LS
Glycolic Acid C,H,05 0437 0. 45
Sodium Acetate 3-hydrate NaCH,C00.3H,0 1.252 [+l F
Sodium Formate NaHCOO 0558 05k
Sodium Oxalate Na,C,04 0.884 4.390
30%.35Y +0-QL
Filter solution by vacuum through medium glass filter. Hand/e with caution, hot and caustic solution .
Rinse beaker with approximately 50 mL of DI water
Rinse filter with approximately 50 mL of DI water
Transfer final filtrate and rinse solutions to large beaker with stir bar.
Transfer to volumetric flask and include rinse with DI water. Allow solution to cool
Adjust final solution to volume of 4 L with DI water, and mix thoroughly. 0&( 8.20 ‘l
SUM  Total chemicals (target) 30847g  Total chemicals (actual) 20532351 4 pOS.LISq
Total water (target) 4L Total water (actual) A0 we A 00 ML
Target Specific Density 1.08 Calculated density .08 1.0%
Check final solution pH and record. pH=__ Readjust if significantly different from target.

Comments: record gny difficuities or discrepancies,
: aﬂ Wpse m&\OA O.Abﬂ Pes

Collywe SCO{"‘Y

A

/TSM?UW {

DATE:

é-24-er
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RPP-RPT-37505, Rev. 0

SY101 Batch Size: 4L
Base Solution 2008 Version pH: 13+ SY101
Balance Device 1D: Odo NIST Weight (40 g): A0, 0000
Balance Device ID: 0% NIST Weight (Sco g): )
Technician: Noy ‘K@/u e4 Date: o/#3(0% Tracking : ___ 98
@) (o)
Add 2400 mL Dl water to a beaker.
Insert Teflon stirbar and thermocouple, and place on stirrer / hotplate.
Tum on heater and adjust to 60°C (£10°C).
Add the following chemicals and record their actual weights:
: Required Actual
Chemical Formula Mass (g) Mass (g) Comments
Sodium Aluminate NaAl0,.2H,0 6641 L(42
Sodium Chioride NaCl 532] 5,33
Sodium Fluoride * NaF 465 AL
Sodium Chromate Na,Cr0, 4H,0 1.92 A
Sodium Sulfate Na,SO, 11.16 1 1L
_{Sodium Phosphate, 12-Hydrate NasPO, 12H,0 149.54] 9.1,
Sodium Oxalate Na,C,0, 13.08 13,14
Sodium Carbonate Na,CO, 5630  56.>}
iron Nitrate, 9-hydrate Fe{NO3),.9H,0 0.04 0,0y
Zinc Nitrate, 6-hydrate Zn(NO5),.6H,0 0.08! 0.0%
Calcium Nitrate Ca(NO,),.4H,0 0.50 0,585
Sodium Nitrate NaNO; 314.26] J4.
Potassium Nitrate KNO, 2.79 2.%0
Sodium Nitrite NaNO, 5595 5545
Sodium Hydroxide NaOH 104.88 105. 0
Boric Acid H,BO; 0.21 0-29
* Sodium fluoride is highly toxic. Handle with caution. 782.4%

Adijust total solution volume fo 3400 mL by adding DI water.

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

Filter solution by vacuum through medium glass filter. Handle with caution, hot and caustic solution .
Rinse beaker with approximately 50 mtL of DI water

Rinse filter with approximately 50 mL of DI water

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

Measure and record initial pH O

Check the pH to make sure it is

13+
Transfer to volumetric flask and include rinse with DI water. Allow solution to cool

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

SUM Total chemicals (target) 786.88 g Total chemicals (actual) F%3.4C 19
Total water (target) 4L Total water (actual) A 00O 'me
Target Specific Density 1.20 Calculated density todO

Check final solution pH and record.

pH=193OReadjust if significantly different from target.

Comments: record any difficulties or discrepancies
abouk< 0.5 q of Bootiny Jolwd VQ.V(/} on  Yh %\\*\’r
q QO WP e 0 U

QA RPPROVED ——
SR7T IR
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RPP-RPT-37505, Rev. 0

AY101 'CSL Batch Size: 4L

Base Solution 2008 Version pH: 11.82 AY101-CSL

Balance Device ID: 040 NIST Weight (§0 g): A, 94994

Balance Device |D: 45 NIST Weight ({p 0 g): 1€0.00

Technician: NOLL R&“M pate: 5[ [0% Tracking: 99
<) =]

Add 2400 mL Di water to a beaker.

Insert Teflon stirbar and thermocouple, and place on stirrer / hotplate.
Tum on heater and adjust to 80°C (£10°C).
Add the following chemicals and record their actual weights:

Required Actual
Chemical Formula Mass (g9) Mass (g) Comments
Sodium Aluminate NaAIO,.2H,0 722 2.8
Sodium Chioride NaCl 150 .49
Sodium Fluoride NaF 025] 0,.8%€
Sodium Chromate Na,Cr0,.4H,0 0.28] 0.8%:
Sodium Sulfate Na,S0, 119] J 9w
Sodium Phosphate, 12-Hydrate NasPO,12H,0 8.971 94,0
Sodium Oxalate Na,C,04 075 0. 2%
Sodium Carbonate Na,CO4 62.49] ¢d.AQ
Sodium Nitrate NaNO, 615 1€
Sodium Nitrite NaNO, 10.16] 104 {4
Sodium Hydroxide NaOH 0.82 8%

* Sodium fluoride is highly toxic. Handle with caution.

Adjust total solution volume to

Adjust solution temperature to 50°C to 60°C.
Filter solution by vacuum through medium glass filter. Handie with caution, hot and caustic solution .
Rinse beaker with approximately 50 mL of DI water
Rinse filter with approximately 50 mL of DI water

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

3400 mL by adding DI water.

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

Adijust final solution to volume of

4 L with DI water, and mix thoroughly.

SUM Total chemicals (target)
Total water (target)

Target Specific Density

99.78 g
4L Total water (actual)

Total chemicals (actual)

1.02 Calculated density

99.¢(
Y060

1,82

Check final solution pH and record.

Comments: record any difficulties or discrepancies

pH= Q,%';Readjust if significantly different from target.

QA APPROVED
NAME:_Clouu~

DATE:

G-iswg
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RPP-RPT-37505, Rev. 0

AY101-CSL Batch Stze: 4L

Base Solution 2008 Version pH: 11.82 JAY101-CSL

Balance Device ID: 080 NIST Weight {  g): 0 000

Balance Device ID: [Vl NIST Weight ( oo g): lp .o

Technician: NOL{ ‘\V( ueg Date: 4 /Ié / 0% Tracking: 100
(&)

Add 2400 mL Dl water to a beaker.

Insert Tefion stirbar and thermocouple, and place on stirrer / hotplate.
Turn on heater and adjust to 60°C (10°C).
Add the following chemicals and record their actual weights:

Required Actual
Chemical Formula Mass (g) Mass (g) Comments
Sodium Aluminate NaAlO,.2H,0 722 AL
Sodium Chioride NaCl 150l (&4
Sodium Fluoride NaF 0.25 g.4¢
Sodium Chromate Na,CrO, 4H,0 0.28 0 :Ag
Sodium Sulfate Na,S0, 1.19 .12
Sodium Phosphate, 12-Hydrate NazPO, 12H,0 8.97 9,00
Sodium Oxalate Na,C,0, 0.75 03¢
Sodium Carbonate Na,CO4 6249 bd.A9
Sodium Nitrate NaNQ; . 6153 bJ:5¢
Sodium Nitrite NaNO, 10.16 104+ {4,
Sodium Hydroxide NaOH 0.82 0:3%
* Sodium fluoride is highly toxic. Handle with caution.
Adjust total solution volume to 3400 mL by adding Dt water.

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

Filter solution by vacuum through medium glass fiter. Handle with caution, hot and caustlc solution .
Rinse beaker with approximately 50 mL of DI water

Rinse filter with approximately 50 mL of DI water

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

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

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

SUM Total chemicals (target) 155.16 g Total chemicals (actual) 155.3% ‘3
Total water (target) . 4L Total water (actual)} A000 e
Target Specific Density 1.04 Calculated density l.o4

Check final solution pH and record. pH= H/%&Readjust if significantly different from target.

Comments: record any difficulties or discrepancies

QA APPROVED
NAME: Gador.
DATE. G-t~
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RPP-RPT-37505, Rev. 0

AW105 Supernate Batch Size: 2L
Base Solution 2008 Version pH: 13+ AW105-PSC
Balance Device ID: 040 NIST Weight (d0g): . 0000
Balance Device ID: XS NIST Weight (1o g): W ()
Technician: NOL\ Keu@‘i Date: % ,%I 0% Tracking : 102
Add [@] 1200 L ~“mL DI water to a beaker.
insert Teflon stirbar and thermocouple, and place on stirrer / hotplate.
Turn on heater and adjust to 60°C (£10°C).
Add the following chemicals and record their actual weights:
Required Actual
Chemical Formula Mass (g) Mass (g) Comments
Sodium Aluminate Na,AlO, 2H,0 1529 1,50 .
Sodium Hydroxide NaOH 21.040] Jdls0l »
Boric Acid | H,B0, 0.040| a.0% -
Sodium Chromate Na,CrO, 4H,0 0.019] .09 »
Potassium Molybdate K2MoO4 0.005] @-00%
Potassium Nitrate KNO;, 29.169] 9. 11,9 4
Zinc Nitrate 6-hydrate Zn{NO;), 6H,0 0.018] .24
Sodium Chioride NaCl 0.965] O:°16%
Sodium Fluoride NaFf 13.104] 12,1 v
Sodium Nitrate NaNO, §0.252] 20-AS /]
Sodium Nitrite NaNO, 8.804] /8%~
Sodium Phosphate, 12-Hydrate NagPO, 12H,0 3.397] 9,24
Sodium Sulfate Na,SO, 1.494 SO ¢
Sodium Carbonate Na,CO, 22.811] £9,.92 4
Glycolic Acid C,HO; 0219] o 28%
Sodium Acetate 3-hydrate NaCH,C00.3H,0 0.626] 0-¢349
Sodium Formate NaHCOO 0.279] :3%{
Sodium Oxalate Na,C,0, 0.442 O 45<¢

Adjust final solution to volume of

2 L with Dl water, and mix thoroughly.

Filter solution by vacuum through medium glass filter. Handle with caution, hot and caus
Rinse beaker with approximately 50 mL of D! water
Rinse filter with approximately 50 mL of D water
Transfer final filtrate and rinse solutions to large beaker with stir bar.

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

UA'APPROVED
NAME: Qs

8-20-08

DATE:

SUM Total chemicals (target)
Total water (target)

Target Specific Density

154.21¢g Total chemicals (actual)
2L Total water (actual)
1.08 Calculated density

28] 2

L

Check final solution pH and record.

pH= '&,l }Readjust if significantly different from target.

Comments: record any difficulties or discrepancies'
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RPP-RPT-37505, Rev. 0

AY101-CSL Batch Size: 2L

Base Solution 2008 Version pH: 12.82 AY101-CSL

Balance Device ID: - 030 NIST Weight (40 g): 350000

Balance Device ID: “8 NIST Weight { {0 g): {00

Technician: oy Re i 24 pate: 7 (3108 Tracking: 103
Q

Add 6 1200 mL Dt water to a beaker.

Insert Teflon stirbar and thermocouple, and place on stirrer / hotplate. dtd v2

Tum on heater and adjust to 60°C (£10°C).
Add the following chemicals and record their actual weights:

. Required Actual
Chemical Formula Mass (g) Mass (g) Comments
Sodium Aluminate NaAIO,.2H,0 361 9,L0 -
Sodium Chloride NaCl 075]  0:9S5 ~
Sodium Fluoride NaF 0.13 B 1D
Sedium Chromate Na,Cr0,.4H,0 0.14 0. 14
Sodium Sulfate Na,SO, 0.60 o.L& -
Sodium Phosphate, 12-Hydrate {Na PO, 12H,0 4.49 4,20/
Sodium Oxalate Na,C,0, 038] @D}
Sodium Carbonate Na,CO;4 3125] Slvil3 .
Sodium Nitrate NaNO, 3077] 20,850 .
Sodium Nitrite NaNO, 5.08 h,0
Sodium Hydroxide NaOH 0.41 CIFIA
* Sodium fluoride is highly toxic. Handle with caution.
Adjust total solution volume to 1700 mL by adding D! water.

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

Filter solution by vacuum through medium glass filter. Handle with caution, hot and caustic solution.
Rinse beaker with approximately 50 mL of DI water

Rinse filter with approximately 50 mL of DI water

Transfelr final filtrate and rinse solutions to large beaker with stir bar. - ‘4 v (Xj e }.Q A AP P R OVE D

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

DATE: _8-20 o

Adjust final solution to volume of 2 L with DI water, and mix thoroughly.
SUM  Total chemicals (target) 77.58g  Total chemicals (actual) X 3
* Total water (target) 2L Total water (actual) 000 mt
Target Spegcific Density 1.04 Calculated density Lol
Gheck finaf solution pH and record. pH= p&‘Readjust if significantly different from target.

c . ) i " .
omments: record any difficulties or d|screpanc1es Aao{ n A a OQ N oG W JTO
W‘%U S j\?ﬁ o @k = O
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RPP-RPT-37505, Rev. 0

AW105 Supernate Batch Size: 2 L }0.032M Nitrite
Base Solution 2008 Version pH: 13+ AW105-PSC
Balance Device ID: 0020 n1-534130 -4 NIST Weight (20 g): 129319
Balance Device ID: 001 D B " NIST Weight ( 2o 9): A0\ g
|\

Technician: Noy 4 Enf\ Date:  F/2D/05 Tracking: 103 \PC\ -
Add 1200 L mL Dl water to a beaker.  ~ M{% .
Insert Teflon stirbar and thermocouple, and place on stirrer / hotplate. i
Turn on heater and adjust to 60°C (x10°C). &,
Add the following chemicals and record their actual weights:

Required Actual
Chemical Formula Mass (g) Mass (g) Cx t:
Sodium Aluminate NapAlO, 2H,0 1.529] 1,299
Sodium Hydroxide : NaOH 21.040] 2.055H
Boric Acid | H3BO; 0.040[0.0>4%
Sodium Chromate Na,CrO, 4H,0 0.018]p . 019 5
Potassium Molybdate K2Mo04 v 0.005] (). 00 ¢,
Potassium Nitrate KNO, 29.169] 14\ F o
Zinc Nitrate 6-hydrate Zn(NO,), 6H,0 0.018} . O\ H
Sodium Chioride NaCi 0.965[ () .94 0%
Sodium Fluoride NaF 13.104] 12, . W\
Sodium Nitrate NaNO, 50.252] &) A4
Sodium Nitrite NaNO, 4.416{ o, 202
Sodium Phosphate, 12-Hydrate Na,PO, 12H,0 33971 2 495
Sodium Sutfate Na,SO, 1494 {9\
Sodium Carbonate Na,CO;5 22811 22 Bk
Glycolic Acid CoH(O3 0.219]) . LA (e
Sodium Acetate 3-hydrate NaCH,C00.3H,0 0.626l0) , (p
Sodium Formate NaHCOO 0.279] g~ Q2000 gy 30308
Sodium Oxalate Na,C,0, 0.442}0), A6\

Filter solution by vacuum through medium glass filter. Handle with caution, hot and caustic go[uti
Rinse beaker with approximately 50 mL of Dl water d K PP ROVE Ib
Rinse filter with approximately 50 mL of DI water

Transfer final filtrate and rinse solutions to large beaker with stir bar. N AME' O diinn
Transfer to volumetric flask and include rinse with DI water. Allow solution to cool
DATE;__8-2s-ca

Adjust final solution o volume of 2 L with Dl water, and mix thoroughly.

SUM Total chemicals (target) ] 149.82¢g Total chemicals {actual) \h0 T
Total water (target) 2t Total water (actual) 2000
Target Specific Density 1.07 Calculated density 1.036 3

Check final solution pH and record. pH= \5.51Readjust if significantly different from target.

Comments: record any difficulties or discrepancies
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RPP-RPT-37505, Rev. 0

AY101-CSL Batch Size: 2L
Base Solution 2008 Version - pH: 12.3 AY101-CSL
pH=12.3

Balance Device ID: a0 NIST Weight (40 g): 30, fp0o

Balance Device ID: U6 NIST Weight (Joo 9): 0o. O

Technician: NJC{ / ke‘l\ M Date: %/4[0{; Tracking : 105
U

Add 1200 mL DI water to a beaker.

Insert Teflon stirbar and thermocouple, and place on stirrer / hotplate.
Turn on heater and adjust to 60°C ($10°C).
Add the following chemicals and record their actual weights:

Required Actual
Chemical Formula Mass (g) Mass (g) Comments
Sodium Afuminate NaAl0,.2H,0 ) 3611%.6130
Sodium Chloride NaCl 0.75] - #51%
Sodium Fluoride NaF 0.13] . 12AF
Sodium Chromate Na,Cr0,4.4H,0 0.14} {430
Sodium Sulfate Na,SO, 0.60{ 026
Sodium Phosphate, 12-Hydrate NasPO, 12H,0 4.49| 4 421S
Sodium Oxalate Na,C,04 0.38|. 3304
Sodium Carbonate Na,CO, 3125 4/. 249,
Sodium Nitrate NaNO, 30.77 s0. 3% e
Sodium Nitrite NaNO, 5.08| 5. ow1#
Sodium Hydroxide NaOH 0.41] 311y
* Sodium fluoride is highly toxic. Handle with caution.
Adjust total solution volume to 1700 mL by adding DI water.

Adjust solution temperature to 50°C to 60°C.
Fiiter solution by vacuum through medium glass filter. Handle with caution, hot and caustic solution .
Rinse beaker with approximatefy 50 mL of DI water
Rinse filter with approximately 50 mL of DI water Lo
imrkiad pH 1, 2L

Transfer final filtrate and rinse solutions to large beaker with stir bar.
Fived py 12.504A APPROVED
NAME:_Qdue

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

DATE:___8-200%

Adjust final solution to volume of 2 L with DI water, and mix thoroughly.

SUM Total chemicals (target) 77.58 g Total chemicals (actual) L 4
Total water (target) 2L Total water (actual) >0 me
Target Specific Density 1.04 Calculated density hey

Check final solution pH and record. pH= - 30Readjust if significantly different from target.

Comments: record any difficulties or discrepancies
ajﬂa w\g p from n# ph 1430 with Naot
N +
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RPP-RPT-37505, Rev. 0

AW105 Supernate Batch Size: 2 L [ex

. Base Solution 2008 Version pH: 13+ AW105-PSC
Balance Device ID: 030 NIST Weight (ot g): 0. 8000
Balance Device ID: U5 NIST Weight ( fgg 9): (&0 0
Technician: N Y k" ” 63 Date: © [L (0% Tracking: 106
Add N 1200 L 'mL DI water to a beaker.

Insert Teflon stirbar and thermocouple, and place on stirrer / hotplate.
Tum on heater and adjust to 60°C (+10°C).

Add the following chemicals and record their actual weights:

Required Actual
Chemical ) Formula Mass {g) Mass (g) Comments
Sodium Aluminate Na,AlO, 2H,0 1.529] .52t
Sodium Hydroxide NaOH 21.040[ 2. 0F 2
Boric Acid_| HyB80; 0.040[ .ovo2
Sodium Chromate Na,Cr0, 4H,0 0.019] .ol 492
Potassium Molybdate K2MoO4 0.005§ - ossy
Potassium Nitrate KNO, 29.1691 A, 14 1p
Zinc Nitrate 6-hydrate Zn(NO;3), 6H,0 0.018] .0I®
Sodium Chioride NaCt 0.965] .4£8!
Sodium Fiuoride NaF 13.104] [3.J0@2
Sodium Nitrate NaNO;, 424.252] 424.3
Sodium Nitrite NaNO, 26.496{24 4451
Sodium Phosphate, 12-Hydrate NagPO, 12H,0 3.397| 8-31¢4
Sodium Sulfate Na,SO, 1.494( 1,4 484
Sedium Carbonate Na,CO; 22.811] 22.8164
Glycofic Acid C,H,0, 0.219] .2 1@<
Sodium Acetate 3-hydrate NaCH,C00.3H,0 0.626] .42¢ 4
Sodium Formate NaHCOO : 0279 2786
Sodium Oxalate NayC,0, 0.442| , 4420

Filter solution by vacuum through medium glass filter. Handle with caution, hot and caustic ok
Rinse beaker with approximately 50 mL of DI water ﬁIA APP ROVE

0

Rinse filter with approximately 50 mL of DI water . R
Transfer final filtrate and rinse solutions to farge beaker with stir bar. NAME C dunw
Transfer to volumetric flask and include rinse with DI water. Ailow solution to cool D ATE. 82093
Adjust final solution to volume of 2 L with DI water, and mix thoroughly.
Sum Total chemicals (target) 54590 g Total chemicals {(actual) $¢8.9¢

Total water (target) 2L Total water (actual) 20004, L

Target Specific Density 1.27 Calculated density L2%

AL 33103
Check final solution pH and record. pH=13.,_-oqReadjust if significantly different from target.
12.15

Comments: record any difficulties or discrepancies
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RPP-RPT-37505, Rev. 0

GFS Chemicals, Inc.
Columbus, Ohio 43223

LOT ANALYSIS
ITEM: 1089 SODIUM OXALATE, REAGENT (ACS) LOT#: P568829
1. Assay 99.5% min 101.8 %
2. Insoluble 0.005% PASS <0.005 %
3. Loss on drying @ 105 C0.01% PASS 0.004 %
4. Neutrality - Pass Test PASS Passes Test
5. Chloride 0.002% PASS < 0.002 %
6. Sulfate 0.002% PASS < 0.002 %
7. Ammonium 0.002% PASS < 0.002 %
8. Heavy metals (Pb) 0.002% PASS < 0.002 %
9. Iron 0.001% PASS < 0.0001 %
10. Potassium 0.005% PASS <0.002 %
11. Substances darkened by H2SO4 pass test PASS Passes Test

TRACEABLE TON.LS.T. (Y/N)? Y

Comment:
Reported by: Kenneth L. Shafer Date: 9/15/2005
QC Supervisor: Joan Plowman Retest Date: 9/15/2010
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RPP-RPT-37505, Rev. 0

GFS Chemicals, Inc.
Columbus, Ohio 43223

LOT ANALYSIS
ITEM: 705 SODIUM CARBONATE, ANHYDROUS, POWDER, REAGENT (ACS) LOT#: P675164

NUMERICAL

e . S e 0T

1. Assay 99.5% min PASS 100.00%
2. Insoluble 0.01% PASS 0.004%
3. Loss on heating at 285 C 1.0% max PASS 0.4%

4. Chloride 0.001% PASS 0.0006%
5. Phosphate 0.001% PASS 0.0003%
6. Silica 0.005% PASS 0.001%
7. Sulfur compounds (as SO4) 0.003% PASS 0.001%
8. Heavy metals (Pb) 0.0005% PASS 0.0002%
9. Iron 0.0005% PASS 0.0002%
10. Calcium 0.03% PASS 0.005%
11. Magnesium 0.005% PASS 0.002%
12. Potassium 0.005% PASS 0.002%

TRACEABLE TON.LS.T. (YIN)? Y

Comment:
Reported by: Joan E Plowman Date: 5/3/2006
QC Supervisor: Joan Plowman Retest Date: 5/3/2011
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RPP-RPT-37505, Rev. 0

GFS Chemicals, Inc.
Columbus, Ohio 43223

LOT ANALYSIS

ITEM: 1099 SODIUM OXALATE, REAGENT (ACS) LOT#: P453301
ST, T e
1. Assay 99.5% min PASS 102.7%

2. Insoluble 0.005% PASS <0.005%

3. Loss ondrying @ 105 C0.01% PASS <0.01%

4. Neutrality - Pass Test PASS passes test

5. Chloride 0.002% PASS <0.002%

6. Suifate 0.002% PASS <0.002%

7. Ammonium 0.002% PASS <0.002%

8. Heavy metals (Pb) 0.002% PASS <0.002%

9. Iron 0.001% PASS <0.001%

10. Potassium 0.005% PASS <0.005%

11. Substances darkened by H2S04 pass test PASS passes test

TRACEABLE TON.LS.T. (Y/IN)? Y

Comment:
Reported by: Daniel Merkoziaj Date: 2/17/2004
QC Supervisor: Joan Plowman Retest Date: 2/17/2006
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RPP-RPT-37505, Rev. 0

GFS Chemicals, Inc.
Columbus, Ohio 43223

LOT ANALYSIS
ITEM: 656 SODIUM ACETATE, TRIHYDRATE, REAGENT (ACS) LOT#: L350643

1. Assay 99.0-101%

2. Insoluble 0.005% ) PASS <0.005%
3. pH of 5% solution 7.5-92 @25 C PASS 8.0

4. Chloride 0.001% PASS <0.001%
5. Phosphate 0.0005% PASS <0.0005%
6. Sulfate 0.002% PASS <0.002%
7. Calcium 0.005% PASS <0.0005%
8. Magnesium 0.002% PASS <0.0001%
9. Heavy metals (as Pb) 0.0005% PASS <0.0005%
10. Iron 0.0005% PASS <0.0001%
11. Substances reducing permanganate - Pass Test PASS passes test
12. Potassium 0.005% PASS <0.0016%

TRACEABLE TON.LST. (Y/N)? Y

Comment:
Reported by: Daniel Merkoziaj Date: 10/1/2003
QC Supervisor: Joan Plowman Retest Date: 24 Month after shipment
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RPP-RPT-37505, Rev. 0

GFS Chemicals, Inc.
Columbus, Ohio 43223

LOT ANALYSIS
ITEM: 658 SODIUMNITRATE, REAGENT (ACS) LOT#: L138875

. Assay 99.0% min. PASS 99.7 %

1

2. pH of 5% solution 5.5-8.3 @ 25C PASS 5.9

3. Insoluble 0.005% PASS < 0.005 %
4. Chioride 0.001% PASS < 0.001 %
5. lodate 0.0005% PASS < 0.0005 %
6. Nitrite 0.001% PASS < 0.001 %
7. Phosphate 0.0005% PASS < 0.0005 %
8. Sulfate 0.003% PASS < 0.003 %
9. Calcium 0.005% PASS < 0.005 %
10. Magnesium 0.002% PASS <0.002 %
11. Heavy metals (Pb) 0.0005% PASS < 0.0005 %
12. Iron 0.0003% PASS < 0.0003 %

TRACEABLE TON.I.S.T. (YIN)?Y

Comment:
Reported by: Kenneth L. Shafer Date: 9/24/2001
QC Supervisor: Joan Plowman Retest Date: 24 Month after shipment
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RPP-RPT-37505, Rev. 0

GFS Chemicals, Inc.
Columbus, Ohio 43223

: LOT ANALYSIS
ITEM: 658 SODIUMNITRATE, REAGENT (ACS) LOT#: L137057

1. Assay 99.0% min. PASS 100.1 %
2. pH of 5% solution 5.5-8.3 @ 25 C PASS 59

3. Insoluble 0.005% PASS < 0.005 %
4. Chloride 0.001% PASS < 0.001 %
5. lodate 0.0005% PASS < 0.0005 %
6. Nitrite 0.001% PASS <0.001 %
7. Phosphate 0.0005% PASS < 0.0005 %
8. Sulfate 0.003% PASS < 0.003 %
9. Calcium 0.005% PASS < 0.0005 %
10. Magnesium 0.002% PASS < 0.0005 %
11. Heavy metals (Pb) 0.0005% PASS < 0.0005 %
12. Iron 0.0003% PASS < 0.0003 %
TRACEABLE TON.IL.S.T. (Y/N)?Y

Comment:

Reported by: Kenneth L. Shafer Date: 9/26/2001

QC Supervisor: Joan Plowman Retest Date: 24 Month after shipment
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RPP-RPT-37505, Rev. 0

GFS Chemicals, Inc.
Columbus, Ohio 43223

LOT ANALYSIS
ITEM: 559 SODIUM NITRITE, REAGENT (ACS) LOT#: P673156

1. Assay 97.0% min. 98.6%

2. Chioride 0.005% PASS < 0.005%
3. Sulfate 0.01% PASS <0.01%
4. Calcium 0.01% PASS <0.01%
5. Heavy metals (as Pb) 0.001% PASS < 0.001%
6. Iron 0.001% PASS <0.001%
7. Potassium 0.005% PASS < 0.005%
8. Insolubie 0.01% PASS <0.01%
9. pH of 5% solution 5.5-83 @ 25C PASS 7.2

10. Appearance - White to pale yeliow PASS Pale Yellow

TRACEABLE TON.LS.T. (Y/N)? Y

Comment:
Reported by: Robert Kramer Date: 2/28/2006
QC Supervisor: Joan Plowman Retest Date: 2/28/2011
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RPP-RPT-37505, Rev. 0

GFS Chemicals, Inc.
Columbus, Ohio 43223

LOT ANALYSIS
ITEM: 559 SODIUM NITRITE, REAGENT (ACS) LOT#: P676266

1. Assay 97.0% min.

2. Chloride 0.005% PASS < 0.005 %
3. Sulfate 0.01% PASS <001%
4. Calcium 0.01% ) PASS <0.01%
5. Heavy metals (as Pb) 0.001% PASS <0.001 %
6. Iron 0.001% PASS <0.001 %
7. Potassium 0.005% PASS < 0.005 %
8. Insoluble 0.01% PASS <0.01%
9. pH of 5% solution 5.5-83 @25C PASS 7.4

10. Appearance - White to pale yellow PASS pale yellow

TRACEABLE TON.L.ST. (YIN)? Y

Comment:
Reported by: Kenneth L. Shafer Date: 6/14/2006
QC Supervisor: Joan Plowman Retest Date: 6/14/2011
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GFS Chemicals, Inc.
Columbus, Ohio 43223

LOT ANALYSIS
ITEM: 559 SODIUM NITRITE, REAGENT (ACS) LOT#: P568476

1. Assay 97.0% min. PASS 97.9 %
2. Chloride 0.005% PASS < 0.005 %
3. Sulfate 0.01% PASS <0.01%
4. Calcium 0.01% PASS < 0.001 %
5. Heavy metals (as Pb) 0.001% PASS <0.001 %
6. Iron 0.001% PASS < 0.0005 %
7. Potassium 0.005% PASS <0.001 %
8. Insoluble 0.01% PASS <001 %
9. pH of 5% solution 5.5-83 @25C PASS 7.6

10. Appearance - White to pale yellow . PASS pale yellow

TRACEABLE TON.L.S.T. (Y/IN)?Y

Comment:
Reported by: Kenneth L. Shafer Date: 8/17/2005
QC Supervisor: Joan Plowman Retest Date: 8/17/2010
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GFS Chemicals, Inc.
Columbus, Ohio 43223

LOT ANALYSIS
ITEM: 2454 SODIUM SULFATE, ANHYDROUS, POWDER, REAGENT (ACS) LOT#: P675142

1. Assay 99.0% min. PASS 99.75%
2. pH of 5% solution @ 25C 5.2-9.2 PASS 5.92

3. Insoluble matter 0.01% PASS 0.003%
4. Loss on ignition 0.5% PASS 0.22%
5. Chloride 0.001% PASS <0.0005%
6. Nitrogen compounds (as N) 0.0005% PASS <0.0003%
7. Phosphate 0.001% PASS <0.0005%
8. Calcium 0.01% PASS 0.001%
9. Magnesium 0.005% PASS 0.0005%
10. Heavy metals (as Pb) 0.0005% PASS <0.0003%
11. Iron 0.001% PASS <0.0005%
12. Potassium 0.01% PASS 0.0015%

TRACEABLE TON.ILS.T. (Y/N)? Y

Cormment:
Reported by: Nicholas E. Dangler Date: 5/5/2006
QC Supervisor: Joan Plowman Retest Date: 5/5/2011
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GFS Chemicals, Inc.
Columbus, Ohio 43223

LOT ANALYSIS
ITEM: 2454 SODIUM SULFATE, ANHYDROUS, POWDER, REAGENT (ACS)

LOT#: P571317

Gl PASSFAIL|pe ST
1. Assay 99.0% min. PASS 100.3%
2. pH of 5% solution @ 25C 5.2-9.2 PASS 54

3. Insoluble matter 0.01% PASS <0.01%
4. Loss on ignition 0.5% PASS <0.5%
5. Chloride 0.001% PASS <0.001%
6. Nitrogen compounds (as N) 0.0005% PASS < 0.0005%
7. Phosphate 0.001% PASS <0.001%
8. Calcium 0.01% PASS <0.01%
9. Magnesium 0.005% PASS < 0.005%
10. Heavy metals (as Pb) 0.0005% PASS < 0.0005%
11. Iron 0.001% PASS <0.001%
12. Potassium 0.01% PASS <0.01%

TRACEABLE TON.IS.T. (YIN)?Y

Comment:

Reported by: Robert Kramer Date: 12/14/2005

QC Supervisor: Joan Plowman Retest Date: 12/14/2010
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GFS Chemicals, Inc.
Columbus, Ohio 43223

LOT ANALYSIS
ITEM: 1035 SODIUM PHOSPHATE, TRIBASIC, DODECAHYDRATE, REAGENT

(ACS) LOT#: P562445

1. Assay 98.0-102.0% ' ' PASS " 99.2%
2. Excess alkali (NaOH) 2.5% PASS 1.8%
3. Insoluble 0.01% PASS 0.005%
4. Chioride 0.001% PASS 0.000 8%
5. Sulfate 0.01% PASS 0.002%
6. Heavy metals (as Pb) 0.001% PASS 0.000 5%
7. 1ron 0.001% PASS 0.000 3%

TRACEABLE TON.LS.T. (YIN)?Y

Comment:
Reported by: Date: 1/27/2005
QC Supervisor: Joan Plowman Retest Date: 1/27/2010
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GFS Chemicals, Inc.
Columbus, Ohio 43223

LOT ANALYSIS
ITEM: 657 SODIUM CHLORIDE, REAGENT (ACS) LOT#: P569640

1. Assay 99.0% min. 100.0%
2. Insoluble 0.005% PASS <0.005%
3. pH of 5% solution 5.0-9.0 @ 25C PASS 58

4. lodide 0.002% PASS <0.002%
5. Bromide 0.01% PASS <0.01%
6. Chlorate and nitrate (as NO3) 0.003% PASS <0.003%
7. Phosphate 0.0005% PASS <0.0005%
8. Sulfate 0.004% PASS 0.004%
9. Barium - pass test PASS pass test
10. Heavy Metals (as Pb) 0.0005% PASS <0.0005%
11. Iron 0.0002% PASS <0.0002%
12. Calcium 0.002% PASS 0.0003%
13. Magnesium 0.001% PASS <0.0001%
14. Potassium 0.005% PASS <0.005%

TRACEABLE TON.IS.T. (YIN)?Y

Comment:
Reported by: Daniel Merkoziaj Date: 10/9/2005
QC Supervisor: Joan Plowman Retest Date: 10/9/2010
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GFS Chemicals, Inc.
Columbus, Ohio 43223

LOT ANALYSIS

ITEM: 630 SODIUM HYDROXIDE, REAGENT (ACS) LOT#: P569567

EST - PASSIFAIL :‘E’s“fg“"
1. Assay 97.0% min PASS 99.0%
2. Scdium carbonate 1.0% max PASS 0.4%
3. Chloride 0.005% PASS <0.001%
4. Nitrogen compounds (N) 0.001% PASS <0.0003%
5. Phosphate 0.001% PASS <0.0002%
6. Sulfate 0.003% PASS 0.0005%
7. Heavy metals (as Ag) 0.002% PASS <0.001%
8. Iron 0.001% PASS <0.0003%
9. Mercury 0.00001% PASS 0.00001%
10. Nickel 0.001% PASS 0.0001%
11. Calcium 0.005% PASS 0.0003%
12. Magnesium 0.002% PASS 0.002%
13. Potassium 0.02% PASS <0.01%
TRACEABLE TON.L.S.T. (Y/N)? Y
Comment:
Reported by: Joan E Plowman Date: 10/5/2005
QC Supervisor: Joan Plowman Retest Date: 10/5/2010
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GFS Chemicals, inc.
Columbus, Ohio 43223

LOT ANALYSIS
ITEM: 656 SODIUMACETATE, TRIHYDRATE, REAGENT (ACS)

PASS/FAIL

LOT#: L350643

1. Assay 99.0-101% PASS 99.99%
2. Insoluble 0.005% PASS <0.005%
3. pH of 5% solution 7.5-92 @ 25C PASS 8.0

4. Chloride 0.001% PASS <0.001%
5. Phosphate 0.0005% PASS <0.0005%
6. Sulfate 0.002% PASS <0.002%
7. Calcium 0.005% PASS <0.0005%
8. Magnesium 0.002% PASS <0.0001%
9. Heavy metals (as Pb) 0.0005% PASS <0.0005%
10. Iron 0.0005% PASS <0.0001%
11. Substances reducing permanganate - Pass Test PASS passes test
12. Potassium 0.005% PASS <0.0016%
TRACEABLE TON.L.S.T. (YIN)? Y
Comment:

Reported by: Daniel Merkoziaj Date: 10/1/2003
QC Supervisor: Joan Plowman Retest Date: 24 Month after shipment
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GFS Chemicais, Inc.
Columbus, Ohio 43223

LOT ANALYSIS
ITEM: 1935 SODIUM ACETATE, TRIHYDRATE, BIO-REFINED LOT#: PE77274

]

1. Assay 99.5% min. PASS 99.7%
2. Substances reducing KMnO4 0.005% PASS <0.005%
3. pH (0.5M in water @ 20 deg. C) 7.5-9.0 PASS 8.3

4. Insoluble matter 0.005% PASS <0.005%
5. Chloride (Cl) 0.0005% PASS <0.0005%
6. Phosphate (PO4) 0.0005% PASS <0.0005%
7. Sulfate (S0O4) 0.002% PASS <0.0001%
8. Absorbance (0.50M in H20) @ 260 nm <0.004 PASS <0.004
9. Absorbance (0.50M in H20) @ 280 nm <0.003 PASS <0.003

TRACEABLE TON.LS.T. (YIN)? Y

Comment:
Reported by: Joan E Plowman Date: 7/26/2006
QC Supervisor: Joan Plowman Retest Date: 7/26/2011
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GFS Chemicals, Inc.
Columbus, Ohio 43223

LOT ANALYSIS
ITEM: 1935 SODIUM ACETATE, TRIHYDRATE, BIO-REFINED LOT#: P460400

1. Assay 99.5% min. PASS 100.6 %

2. Substances reducing KMnO4 0.005% PASS < 0.005 %

3. pH (0.5M in water @ 20 deg. C) 7.5-9.0 PASS 8.5

4. Insoluble matter 0505% PASS <0.005 %

5. Chioride (Cl) 0.0005% PASS < 0.0005 %
6. Phosphate (PO4) 0.0005% PASS < 0.0005 %
7. Sulfate (SO4) 0.002% PASS 0.0003 %

8. Absorbance @ 260nm/280nm (.5M in H20)<0.004/<0.003 PASS <0.001 / <0.001

TRACEABLE TON.LS.T. (YN)? Y

Comment:
Reported by: Kenneth L. Shafer Date: 10/27/2004
QC Supervisor: Joan Plowman Retest Date: 10/27/2009
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RPP-RPT-37505, Rev. 0

GFS Chemicals, Inc.
Columbus, Ohio 43223

LOT ANALYSIS
ITEM: 655 POTASSIUM NITRATE, REAGENT (ACS) LOT#: L346711

1. Assay 99.0% min PASS 99.7%
2. Insoluble 0.005% PASS <0.005%
3. pH of 5% solution 45-85 @ 25C PASS 5.8

4. Chioride 0.002% PASS <0.002%
5. lodate 0.0005% PASS <0.000 5%
6. Nitrite 0.001% PASS <0.001%
7. Phosphate 0.0005% PASS <0.000 5%
8. Suifate 0.003% PASS <0.003%
9. Calcium 0.005% PASS <0.005%
10. Magnesium 0.002% PASS <0.002%
11. Heavy metals (as Pb) 0.0005% PASS <0.000 5%
12. Iron 0.0003% PASS <0.000 3%
13. Sodium 0.005% PASS <0.005%

TRACEABLE TON.LS.T. (YIN)? Y

Comment:
Reported by: Date: 3/28/2003
QC Supervisor: Joan Plowman Retest Date: 24 Month after shipment
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po—

| | Fisher Scientific Company Certificate of Analysis

| Chemical Manufacturing Division Fisher Scientific’s Quality System is Certified to
! 1S09002 (1994) standard by DNV

7 Reagent Lane Cert # 96-HOU-AQ-8052

Fairiawn, NJ 07410

Phone: (201) 796-7100 Fax: {201) 796-1329

Catalog Number 5392 Report Date 8/403 __ Wifg. Date 723008

Lot Number 035270 Sampie D §392.035370.008

Description SODIOM MYDROXIDE NETECC/EPIBPIIP

This s ta certily that units of the above mentioned lot number were tested and found to comply with the
specifications of the grade listed. Certain data have been supplied by third parties. Fisher Scientific expressly
disclaims all wamanties, expressed or implied, including the implied warranties of merchardability and fitness
for a particular purpose, Uniess otherwise statec, these products are not intended for dialysis, parenteral or
injectable use without further processing. The fodowing are the actual analytical results obtained:

Specifications Test Value
APPEARANCE White Pellets REPORT WHITE PELLETS
National Formulary Requirements:
ASSAY 85.0-1005 % 99.6000
ENDOTOXIN TESTING Report EURg <0.4
HEAVY METALS(AS Pb) 0.003 Maxmum % €.0020
IDENTIFICATION Pass test PASS/FAIL PASS
INSOLUBLE SUBSTANCES & Pass test PASSIFAIL PASS
ORGANIC MATTER
POTASSIUM Pass test PASS/FAIL PASS
SODIUM CARBONATE 3.0 Maximum % 0.100
FCC Requirements:
ARSENIC (As) 3 Maximum mg/kg 3
ASSAY - FCC 95.0 - 1005 % 99.6
CARBONATE {as Na2C03) 3.0 Maximum % 0.1
HEAVY METALS-FCC 0.002 Maximum % 0.002
IDENTIFICATION - FCC Pass test PASSHFAIL PASS
INSCOL SUBT & ORG MAT Pass test PASSHFAIL PASS
LEAD 10 Maximum mgikg 1
MERCURY (Hg) 0,1 Maximum mgtkg 0.1

CERTIFIED BY

Gl S AL

Tab Manager Fair Lawn ““Lab Manager BPF

Nate: The data fisted is vahid for all package sizes of this lot of product, expressed as a extension of the cataiog
nurmber isted above. if there are any questions with this certificate, picase calt Chemical Services at (800) 227-6701
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| Fisher Scientific Company Certificate of Analysis
Chemical Manufacturing Division Fisher Scientific’s Quality System is Certified 10
1S09002 {1994) standard by DNV
r—— Cert. # 96-HOU-AQ-8052

Fairlawn, NJ 07410
Phone: (201) 796-7100 Fax: {201) 796-1329

Catalog Number 5392 Report Date  8/4/03 Mfg. Date 7123703
Lot Number 036270 Sample ID  $382.035270.CQS
Description SODIUM HYDROXIDE NF/FCCIEPIBPIIP

This is to certify that units of the above menticned lot number were tested and found to comply with the
specifications of the grade listed. Certain data have been supplied by third parties. Fisher Scientific expressly
disclaims alt warranties, expressed or implied, including the implied warranties of merchantability and ftness
for a particular purpose. Uniess otherwise stated. these products are not intended for dialysis, parenteraf or
injectable use without further processing. The following are the actual analytical results obtained:

TestValue

Result Name Specifications

European Pharmacopoeia Reguirements:

APPEARANCE OF SOLN Pass test PASS/FAIL PASS
ASSAY 97.0-1005 % 98.8
CARBONATE 2.0 Maximum % 086
CHLORIDE 56 Maximum PPM 17
Bactetial Endotoxins Report Eurg <04
HEAVY METALS 20 Maxirmum PPM 7
IDENTIFICATION Pass test PASSFAIL PASS
IRON 10 Maximum PPM 3
SULFATE 50 Maximum PPM 13
British Pharmacopoeia Requirements:

APPEARANCE OF SOLN Pass test PASSIFAL. PASS
ASSAY 97.0 - 1005 % 98.8
CARBONATE 2.0 Maximum % 0.6
CHLORIDE 50 Maximum PPM 17
HEAVY METALS 20 Maximum PPM 7
IDENTIFICATION Pass test PASSIFAIL PASS
IRON 10 Maximum PPM 3
SULFATE 50 Maximum PPM 13

Japanese Pharmacopoeia Requirements:

G lon E Al

‘Tab yanager Fair Lawn © Lab l‘llanaw BPF

Note: The data listed is valid for all paciage sizes of this lot of product, expressed as a exdension of the catalog
number fisted above. if there are any questions with this certificate, please call Chemical Services at (800) 227-6701

A-52



RPP-RPT-37505, Rev. 0

J Fisher Scientific Company | Certificate of Analysis

: Chemical Manufacturing Division Fisher Scientific’s Quality System Is Certified to
1808002 (1994) standard by DNV
1 Reagent Lane Cert, # 96-HOU-AQ-8052

Fairlawn, NJ 07410
Phone: (201) 796-7100 Fax: (201) 796-1329

Catatog Number  S392 Report Date  8/4/03 Mfg. Date 7123103
Lot Number 035270 Sample ID  $392.035270.CQS
BOescription SO0OHUM HYDROXIDE NFFCC/EPBRIIP

This is to certify that units of the above mentioned 1ot number were tested and found to comply with the
specifications of the grade listed. Certain data have been supplied by third parties. Fisher Scientific expressly
disclaims all warranties, expressed of impled, including the implied warranties of merchantabillty end fithess
for a particular purpose. Untess otherwise stated, these products are nat intended for dialysis, parenteral or
injectable use without further processing. The fotiowing are the actual analytical results obtained:

Result Name Specitications Units TestValue
appearance of sofution Pass test PASS/FAIL PASS
ASSAY 95.0 Minimum % 97.8
SODIUM CARBONATE 2.0 Naximum % 16
CHLORIDE 0.050 Maxamum % 0.004
HEAVY METALS 30 Maximum PPM 8
IDENTIFICATION Pass test PASS/FAIL PASS
MERCURY Pass test PASSIFAIL PASS
POTASSIUM Pass test PASSAIL FASS

Tab %anager Fair o b ;!anagei BPF

‘Note: The data fisted Is valid for all package sizes of this Iot of product, expressed as a extension of the catalog 1
rumber listed above. If there are any quesfions with this certificate, please call Chemical Services at (800} 2276701 |
;
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GFS Chemicals, Inc.
Columbus, Ohio 43223

LOT ANALYSIS
ITEM: 1031 SODIUM FLUORIDE, REAGENT (ACS) LOT#. L239673

1. Assay 99% min. PASS 101.5%

2. Insoluble 0.02% PASS <0.02%

3. Loss on drying @ 150 C 0.3% PASS 02%

4. Chioride 0.005% PASS <0.005%
5. Titrable acid 0.03 meq/g PASS <0.03 meg/g
6. Titrable base 0.01 meg/g PASS <0.01 meg/g
7. Sodium fluosilicate 0.1% PASS <0.1%

8. Sulfate 0.03% PASS <0.03%

9. Suifite 0.005% PASS <0.005%
10. Heavy metals (as Pb) 0.003% PASS <0.003%
11. Iron 0.003% PASS <0.003%
12. Potassium 0.02% PASS <0.02%

TRACEABLE TON.LS.T. (Y/IN)? Y

Comment:
Reported by: Date: 313/2002
QC Supervisor: Joan Plowman Retest Date: 24 Month after shipment
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GFS Chemicals, Inc.
Columbus, Ohio 43223

LOT ANALYSIS

ITEM: 682 BUFFER SOLUTION, pH 10.00

1. pH (@ 25 C) 10.00 +-0.01 ‘ PASS

LOT#: P676271

2. NIST Traceable PASS

As Stated

TRACEABLE TON.LS.T. (Y/N)? Y

Comment: .
Reported by: Nicholas E. Dangler Date: 6/20/2006
QC Supervisor: Joan Plowman Retest Date: 6/20/2008

GFS Chemicals, Inc.
Columbus, Ohio 43223

LOT ANALYSIS

ITEM: 681 BUFFER SOLUTION, pH 7.00

1. pH (@ 25 C) 7.00 +/- 0.01 PASS

LOT#: P678527

2. NIST Traceable } PASS

As Stated

TRACEABLE TON.LS.T. (Y/N)? Y

Comment:
Reported by: Robert Kramer Date: 10/3/2006
QC Supervisor: Joan Plowman Retest Date: 10/3/2008
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GFS Chemicals, Inc.
Columbus, Ohio 43223

LOT ANALYSIS
ITEM: 1031 SODIUM FLUORIDE, REAGENT (ACS) LOT#: P676464

1. Assay 99% min.

2. Inscluble 0.02% PASS 0.0057%
3. Loss on drying @ 150 C 0.3% PASS 0.042%

4. Chloride 0.005% PASS 0.003%

5. Titrable acid 0.03 meqg/g PASS <0.03 meg/g
6. Titrable base 0.01 meg/g PASS 0.004 meg/g
7. Sodium fluosilicate 0.1% PASS NiL

8. Sulfate 0.03% PASS 0.02%

9. Sulfite 0.005% PASS 0.0035%
10. Heavy metals (as Pb) 0.003% PASS 0.0025%
11. Iron 0.003% PASS 0.0024%
12. Potassium 0.02% PASS 0.0049%

A-56



RPP-RPT-37505, Rev. 0

GFS Chemicals, Inc.
Columbus, Ohio 43223

, LOT ANALYSIS
ITEM: 630 SODIUM HYDROXIDE, REAGENT (ACS) LOT#: P780673

1. Assay 97.0% min

2. Sodium carbonate 1.0% max PASS 0.93%
3. Chloride 0.005% PASS <0.005%
4. Nitrogen compounds (N) 0.001% PASS <0.001%
5. Phosphate 0.001% PASS <0.001%
6. Sulfate 0.003% PASS <0.003%
7. Heavy metals (as Ag) 0.002% PASS <0.002%
8. lron 0.001% PASS <0.0005%
9. Mercury 0.00001% PASS <0.000 01%
10. Nickel 0.001% PASS <0.0002%
11. Caicium 0.005% PASS <0.0005%
12. Magnesium 0.002% PASS <0.0002%
13. Potassium 0.02% PASS <0.02%

TRACEABLE TON.I.S.T. (Y/N)? Y

Comment:
Reported by: Robert Kramer Date: 1/31/2007
QC Supervisor: Joan Plowman Retest Date: 1/31/2012
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GFS Chemicals, Inc.
Columbus, Ohio 43223

LOT ANALYSIS
ITEM: 705 SODIUM CARBONATE, ANHYDROUS, POWDER, REAGENT (ACS) LOT#: P781010

1. Assay 99.5% min PASS

2. Insoiuble 0.01% PASS 0.004%
3. Loss on heating at 285 C 1.0% max PASS 0.2%
4. Chioride 0.001% PASS 0.0004%
5. Phosphate 0.001% PASS 0.0003%
6. Silica 0.005% PASS 0.001%
7. Sulfur compounds (as SO4) 0.003% PASS 0.0009%
8. Heavy metals (Pb) 0.0005% PASS 0.0003%
9. Iron 0.0005% PASS 0.0003%
10. Calcium 0.03% PASS 0.005%
11. Magnesium 0.005% PASS 0.002%
12. Potassium 0.005% PASS 0.002%

TRACEABLE TON.I.S.T. (YIN)? Y

Comment:
Reported by: Joan E Plowman Date: 2/20/2007
QC Supervisor; Joan Plowman Retest Date: 2/20/2012
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GFS Chemicals, inc.
Columbus, Ohio 43223

LOT ANALYSIS
ITEM: 1098 SODIUM OXALATE, REAGENT (ACS) LOT#: P568829

1. Assay 99.5% min PASS 101.8 %
2. Insoluble 0.005% PASS < 0.005 %
3. Loss ondrying @ 105 C0.01% PASS 0.004 %
4. Neutrality - Pass Test PASS Passes Test
5. Chloride 0.002% PASS < 0.002 %
6. Sulfate 0.002% : PASS <0.002 %
7. Ammonium 0.002% PASS < 0.002 %
8. Heavy metals (Pb) 0.002% PASS < 0.002 %
9. lIron 0.001% PASS < 0.0001 %
10. Potassium 0.005% PASS < 0.002 %
11. Substances darkened by H2S0O4 pass test PASS Passes Test

TRACEABLE TON.LS.T. (YIN)? Y

Comment:
Reported by: Kenneth L. Shafer Date: 9/15/2005
QC Supervisor: Joan Plowman Retest Date: 9/15/2010
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GFS Chemicals, Inc.
Columbus, Ohio 43223

LOT ANALYSIS
ITEM: 658 SODIUM NITRATE, REAGENT (ACS) LOT#: L136875

. Assay 99.0% min. PASS 99.7 %

1

2. pH of 5% solution 55-83 @25C PASS 5.9

3. Insoluble 0.005% PASS < 0.005 %
4. Chloride 0.001% PASS <0.001 %
5. lodate 0.0005% PASS <0.0005 %
6. Nitrite 0.001% PASS < 0.001 %
7. Phosphate 0.0005% PASS < 0.0005 %
8. Sulfate 0.003% PASS < 0.003 %
9. Calcium 0.005% PASS <0.005 %
10. Magnesium 0.002% PASS < 0.002 %
11. Heavy metals (Pb) 0.0005% PASS < 0.0005 %
12. Iron 0.0003% PASS < 0.0003 %

TRACEABLE TON.L.S.T. (Y/N)? Y

Comment:
Reported by: Kenneth L. Shafer Date: 9/24/2001
QC Supervisor: Joan Plowman Retest Date: 24 Month after shipment
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GFS Chemicals, Inc.
Columbus, Ohio 43223

LOT ANALYSIS
ITEM: 655 POTASSIUM NITRATE, REAGENT (ACS) LOT#: L346711

1. Assay 99.0% min PASS

2. Insoluble 0.005% PASS

3. pH of 5% solution 4.5-85 @ 25C PASS

4. Chloride 0.002% PASS <0.002%
5. lodate 0.0005% PASS <0.000 5%
6. Nitrite 0.001% PASS <0.001%
7. Phosphate 0.0005% PASS <0.000 5%
8. Sulfate 0.003% PASS <0.003%
9. Calcium 0.005% PASS <0.005%
10. Magnesium 0.002% PASS <0.002%
11. Heavy metals (as Pb) 0.0005% PASS <0.000 5%
12. Iron 0.0003% PASS <0.000 3%
13. Sodium 0.005% PASS <0.005%

TRACEABLE TON.LS.T. (Y/N)? Y

Comment:
Reported by: Date: 3/28/2003
QC Supervisor: Joan Plowman Retest Date: 24 Month after shipment

A-61



RPP-RPT-37505, Rev. 0

GFS Chemicals, Inc.
Columbus, Ohio 43223

LOT ANALYSIS
ITEM: 704 SODIUM BICARBONATE, REAGENT (ACS) LOT#: P459685

. Assay (dried basis) 99.7-100.3% 99.9 %

1

2. Insoluble 0.015% <0015 %
3. Chloride 0.003% < 0.003 %
4. Phosphate 0.001% <0.001 %
5. Sulfur compounds (as SO4) 0.003% < 0.003 %
6. Ammonium 0.0005% < 0.0005 %
7. Calcium 0.02% 0.004 %
8. Magnesium 0.005% <0.001 %
9. Heavy metals (as Pb) 0.0005% < (.0005 %
10. Iron 0.001% 0.0001 %
11. Potassium 0.005% PASS < 0.003 %

TRACEABLE TON.LS.T. (Y/IN)?Y

Comment:
Reported by: Kenneth L. Shafer Date: 9/29/2004
QC Supervisor: Joan Plowman Retest Date: 9/29/2009
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GFS Chemicals, Inc.
Columbus, Ohio 43223

LOT ANALYSIS
ITEM: 559 SODIUMNITRITE, REAGENT (ACS) LOT#: P677335

1. Assay 97.0% min.

2. Chloride 0.005% PASS

3. Sulfate 0.01% PASS <0.01%
4. Calcium 0.01% PASS <0.001%
5. Heavy metals (as Pb) 0.001% PASS <0.001%
6. Iron 0.001% PASS <0.001%
7. Potassium 0.005% PASS <0.001%
8. Insoluble 0.01% PASS <0.01%
9. pH of 5% solution 5.5-83 @25C PASS 8.0

10. Appearance - White to pale yellow PASS pale yellow

TRACEABLE TON.I.S.T. (Y/N)? Y

Comment:
Reported by: Jon Brandon Kennedy Date: 7/31/2007
QC Supervisor: Joan Plowman Retest Date: 8/2/2011
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GFS Chemicals, Inc.
Columbus, Ohio 43223

LOT ANALYSIS
ITEM: 2454 SODIUM SULFATE, ANHYDROUS, POWDER, REAGENT (ACS) LOT#: P785319
: B i T

1. Assay 99.0% min. PASS 99.1%
2. pH of 5% solution @ 25C 5.2-9.2 PASS 6.0

3. Insoluble matter 0.01% PASS <0.01%
4. Loss on ignition 0.5% PASS <05%
5. Chioride 0.001% PASS < 0.001%
6. Nitrogen compounds (as N) 0.0005% PASS < 0.0005%
7. Phosphate 0.001% PASS < 0.001%
8. Calcium 0.01% PASS < 0.001%
9. Magnesium 0.005% PASS < 0.0005%
10. Heavy metals (as Pb) 0.0005% PASS < 0.0005%
11. Iron 0.001% PASS < 0.0001%
12. Potassium 0.01% PASS 0.001%

TRACEABLE TON.LS.T. (Y/N)? Y

Comment:

Reported by: Robert Kramer Date: 1/31/2008

QC Supervisor: Joan Plowman Retest Date: 9/17/2012
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GFS Chemicals, Inc.
Columbus, Ohio 43223

LOT ANALYSIS
ITEM: 1078 SODIUM CHROMATE, TETRAHYDRATE, REAGENT LOT#: P568182

1. Assay 99.0-102.0% PASS 100.9%

2. Insoluble 0.005% PASS <0.005%
3. pH of 5% solution 8.0-9.5 PASS 91

4. Chloride 0.005% PASS <0.005%
5. Sulfate 0.01% PASS <0.01%
6. Aluminum 0.002% PASS <0.002%
7. Calcium 0.005% PASS <0.005%

TRACEABLE TON.LS.T. (YIN)?Y

Comment:
Reported by: Nicholas E. Dangler Date: 1/31/2008
QC Supervisor: Joan Plowman Retest Date: 8/16/2010
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GFS Chemicals, Inc.
Columbus, Ohio 43223

LOT ANALYSIS
ITEM: 1035 SODIUM PHOSPHATE, TRIBASIC, DODECAHYDRATE, REAGENT
(ACS)

LOT#: P678823

1. Assay 98.0-102.0% PASS 101.4 %
2. Excess alkali (NaOH) 2.5% PASS 1.0 %
3. Insoluble 0.01% PASS <0.01%
4. Chioride 0.001% PASS < 0.001 %
5. Sulfate 0.01% PASS <001 %
6. Heavy metals (as Pb) 0.001% PASS < 0.001 %
7. 1ron 0.001% PASS <0.001 %

TRACEABLE TON.LS.T. (Y/N)?Y

Comment:
Reported by: Kenneth L. Shafer

QC Supervisor: Joan Plowman
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GFS Chemicals, Inc.
Columbus, Ohio 43223

LOT ANALYSIS
ITEM: 705 SODIUM CARBONATE, ANHYDROUS, POWDER, REAGENT (ACS) LOT#: P784287

. Assay 99.5% min 99.99%

1

2. Insoluble 0.01% <0.01%
3. Loss on heating at 285 C 1.0% max PASS <1.0%
4. Chioride 0.001% PASS <0.001%
5. Phosphate 0.001% PASS <0.001%
6. Silica 0.005% PASS <0.005%
7. Sulfur compounds (as SO4) 0.003% PASS <0.003%
8. Heavy metals (Pb) 0.0005% PASS <0.0005%
9. lron 0.0005% PASS <0.0005%
10. Calcium 0.03% PASS <0.03%
11. Magnesium 0.005% PASS 0.005%
12. Potassium 0.005% PASS <0.005%

TRACEABLE TON.LS.T. (YIN)? Y

Comment:
Reported by: Joan Plowman ' Date: 2/1/2008
QC Supervisor: Joan Plowman Retest Date: 7/24/2012
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SIGMA-ALDRICH

Certificateo;Analysis
Cenium (IIT) nitrate hexahydrate,
Product Name 99% (metals basis)
Product Number 238538
Product Brand Aldrich
CAS Number 10294414
Molecular Formula Ce(MO3); - 6H,O
Molecular Weight 434.22
TERT SPECIFICATION LOT06703CC RESULTS
MOIST WHITE TO OFF-
APPEARANCE WHITE CRYSTALS MOIST WHITE CRYSTALS
AND/OR
96.5% - 103.5% (OR 31.1% - 32.2% CE
TITRATION 33.4% CE) (COMPLEXOMETRIC)
TRACE ANALYSIS, ICP B 192 PPM,
MG 114 PPM,
CA 6.5PPM
CONFIRMS CERIUM CONFIRMS CERIUM
ICP ASSAY COMPONENT. COMPONENT
5% IN H20, CLEAR, 5% IN H20, CLEAR,
SOLUEBILITY COLORLESS SOLUTION ~ COLORLESS SOLUTION
PURITY PURITY BASED ON TRACE =»99% BASED ON TRACE
METALS ANALYSIS METAL ANALYSIS
QUALITY CONTROL MARCH, 2004
ACCEPTANCE DATE
fé““"’fm e 5{% FAn
Barbara Rajzer, Subervisor
Quality Cantrol

Milwaukee, Wisconsin USA
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GFS Chemicals, Inc.
Columbus, Ohio 43223

LOT ANALYSIS
ITEM: 619 SODIUM FORMATE, REAGENT (ACS) LOT#: P673902

1. Assay 99.0% min. ' ' T pAss 99.6%

2. Insoluble 0.005% PASS <0.005%
3. Chloride 0.001% PASS <0.001%
4. Suifate 0.001% PASS <0.001%
5. Calcium 0.005% PASS <0.0005%
6. Heavy Metals (as Pb) 0.0005% PASS <0.0005%
7. Iron 0.0005% PASS <0.0005%

TRACEABLE TON.LS.T. (Y/N)? Y

Comment:
Reported by: Joan Plowman Date: 2/4/2008
QC Supervisor: Joan Plowman Retest Date: 3/24/2011
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| . Certiticate of Analysis
%
IEM D EMO Chemicals inc.
480 S. Democrat Road
] Gibbstown, NJ 08027
Phane 856-423-6200
Fax 856-423-4386
Name: Sodium Aluminate, Hydrated Farmuta: NaAIG,xH 0
Technicat
ftem Number:  SX02733 Formula Wt 81.97"
Lot Number: 44281541 Data Order No: 000088319
CHARACTERISTIC REQUIREMENT RESULTS UNITS
Min. Max.
Assay (contplexom etric) 85.0 785
Colar Vhite
Form Granutar powder

g s -7 o
S s
};:‘m.’//f Y 2

Charles M. Wilson,
Quality Assurance Manager

Reiease Date: 10/13/2004

EMD Chemicals inc.

{Formerly EM Science, A Divisicn of EM Industries. inc.)
An Affitiate of Metck KGaA, Darmstadt, Gemany
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N\ Certificate of Analysis Product No. 3868

ST Braker Sodium meta.Silicate, 3-Hydrate, Crystal
s “BAKER ANALYZED® Reagent Lot No. V38144
Formula Ma:Si0O;9H, 0 FW. 28420 Release Date 09:28/2001

pp Passes Test
Chloride (C) 0.01 % max.
Sulfate (SO4) 0.01 % max.
Heavy Metals {as Pb) 0.001 % max
Iron {Fe) 0.005 % max. <0.003 %

The following information is derived fromtesting completed after the original
Certificate of Analysis was prepared. The information was added 06/25/2004.

Assay Information Only % 964 %

Country of USA
Origin:

Keeit R. Weber
Director o Total Quality

LT Edoa
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SIGMA-ALDRICH

Product Name

Product Number
Product Brand
CAS Number
Molecular Formula
Mobolecular Weight

TEST
AFPEARANCE
PROTON NMR SPECTRUM

VENDOR INFORMATION

QUALITY CONTROL
ACCEPTANCE DATE

CertificateorAnalysis

Glycolic acid solution,

technical grade, 70 wt. % in H,O

420603
Aldnch
79-14-1
HOCH,COOH
76.05

SPECIFICATION
COLORLESS TO AMBER
LIQUID

CONFORMS TO
STRUCTURE.

70.0%-72.0% TOTAL ACID
AS GLYCOLIC ACID *

3 GARDNER COLOR
(MAXIMUM) *

<1% FORMIC ACID *

800 PPM SO4 (M AXIMUM)
*

6.0 NTU (MAXTMUM) *

*DUPONT
SPECIFICATION

REVISED FEBRUARY 15,
2005 RIM

*DUPONT
SPECIFICATION

REVISED FEBRUARY 15,
2005 RIM

A-72

LOT 10915KD RESULTS
COLORLESS LIQUID

CONFORMS TO
STRUCTURE.

70.80% TOTAL ACID AS
GLYCOLIC ACID *

0.798% FORMIC ACID *
1 GARDNER (COLOR}) *
111.2 PPM SULFATES *
TURBIDITY: 0.55 NTU *
PRODUCT OF DUPONT

PRODUCT OF DUPONT
*SUPPLIER DATA

*SUPPLIER DATA
SEPTEMBER 2005
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s -
Y 2,
f‘;‘/f‘ﬂ’*é&@w T ;f!fw

Barbara Rajzer, Supervisor
Quality Contral
Milwaukee, Wisconsin USA
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GFS Chemicals, Inc.
Columbus, Ohio 43223

LOT ANALYSIS
ITEM: 624 ACETIC ACID, GLACIAL, REAGENT (ACS) LOT#: P780790
s el
1. Assay 99.7% min. PASS 101.3%
2. Color (APHA) 10 max PASS <10
3. Dilution Test Pass test PASS Passed Test
4. Residue after evaporation 0.001% PASS 0.0002%
S. Acetic Anhydride 0.01% PASS <0.01%
6. Chloride 0.0001% PASS < 0.0001%
7. Sulfate 0.0001% PASS < 0.0001%
8. Heavy metals 0.00005% PASS < 0.00005%
9. iron 0.00002% PASS < 0.00002%
10. Substances reducing dichromate-Pass test PASS Passed Test
11. Substances reducing permanganate-Pass test PASS Passed Test
12. Titrable base 0.0004 meg/g PASS < 0.0004 meqg/g
TRACEABLE TON.LS.T. (Y/N)? Y
Comment:
Reported by: Robert Kramer Date: 2/4/2008
QC Supervisor: Joan Plowman Retest Date: 2/12/2012
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GFS Chemicals, Inc.
Columbus, Ohio 43223

LOT ANALYSIS
ITEM: 681 BUFFER SOLUTION, pH 7.00 LOT#: P678627

1. pH (@ 25 C) 7.00 +/- 0.01
2. NIST Traceable PASS As Stated

TRACEABLE TON.L.S.T. (YN)?Y

Comment:
Reported by: Robert Kramer Date: 2/4/2008
QC Supervisor: Joan Plowman Retest Date: 10/3/2008
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GFS Chemicals, Inc.
Columbus, Ohio 43223

LOT ANALYSIS
ITEM: 682 BUFFER SOLUTION, pH 10.00 LOT#: P676271

TE i
1. pH (@ 25 C) 10.00 +/-0.01 10.01
2. NIST Traceable PASS As Stated

TRACEABLE TON.LS.T. (YN)? Y

Comment:
Reported by: Nicholas E. Dangler Date: 2/4/2008
QC Supervisor: Joan Plowman Retest Date: 6/20/2008
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(_\Q\E/g Clhem

G F 8 CHEMICALS, INC.
Columbus, Chio 43222

LOT ANALYSIS

ITEM: 920 ETHYLENE GLYCOL, REAGENT

LOT#: P783656

PASS/ NUMERICAL
TEST FAIL RESULT

1. Boiling range 194-200 C PASE 154-200 C
2. Specific gravity @ 20 ¢ 1.115-1.118& gsml PASS 1.1151
3. Acidity (CH3COOH) 0.01% PASS 3.00005%
4. Water 0.2% PASS 0.014
5. Residue 0.005% PASS <0.005
6. Chloride 0.0C05% PASS 0.00001
7. Yron 0.00002% PASS <0.00002

TRACEABLE TO N.I.8.7. (¥/N}? N

Comment :

Reported by: Silaja Nacharaju C/A Print Date: 3/14/08

QC Supervisor: Silaja Nacharaju Quality Assured to Retest Point: 60 months

Not for direct use in food, cosmetic or pharmaceuticals.

Consult warranty limitations at www.gfschemicals.com/terms.asp.

For resale by GFS authorized distributors oaly.
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G F 8 CHEMICALS, INC.
Columbus, Chio 43222

LOT ANALYSIS

ITEM: 658 SCDIUM NITRATE, REAGENT (ACS) LOT#: DP786671
PASS/ NOMERICAL -
TEST FAIL RESULT
1. Assay 99.0% min. PASS 160.7%
2. pH of 5% soluticn 5.5-8.3 @ 25 C PASS 6.2
3. Inscluble 0.005% PASS <0.005%
4. Chloride 0.001% PASS <0.001%
5. Iodate 0.0005% PASS <0.0005%
6. Nitxrite 0.001% PASS <0.001%
7. Phosphate 0.000S5% PASS <0.0005%
8. Sulfate 0.003% PASS <0.003%
9. Calcium 0.005% PASS <C.005%
10. Magnesium 0.002% PASS <0.002%
11. Heavy metals (Pk) 0.0005% PASS <0.0005%
12. Iron 0.0003% PASS <0.0003%

TRACEABLE TO N.I.S.T. (Y/N}? ¥

Comment :
Reported by: Robert Kramer C/A Print Date: 3/13/08
QC Supervisor: Joan Plowman Quality Assured to Retest Polint:

Not for direct use in food, cosmetic or pharmaceuticals.
Consult warranty limitations at www.gfschemicals.com/texms.asp.
For resale by GFS authorized distributors only.

A-78

60 months
from shipment



RPP-RPT-37505, Rev. 0

G ¥ 8 CHEMICALS, INC.
Columbus, Ohio 43222

LOT ANALYSIS

ITEM: 559 SODIUM NITRITE, REAGENT (ACS) LOT#: P786739
PASS/ NUMERICAL
TEST FAIL RESULT
1. Assay 97.0% min. PASS 99.1 %
2. Chloride 0.005% PASS < 0.005 %
3. Sulfate 0.01% PASS < 0.01 %
4. Calcium 0.01% PASS < 0.901 %
5. Heavy metals (as Pb} 0.001% PASS < 0.201 %
6. Iron 0.001% PASE < 0.001 %
7. Potassium 0.005% PASS < 0.001 %
8. Inscluble 0.01% PASS < 0.01 %
9. pH of 5% solution 5.5-8.3 @ 25 C PASS 7.4
10. Appearance - White to pale yellow PASS As Stated

TRACEABLE TO N.I.8.T. (¥/M}? ¥

Comment :

Reported by: Kenneth L. Shafer C/A Print Date: 3/19/08

QC Supexvigor: Joan Plowman Quality Assured to Retest Point: 60 months
from shipment

A-79



RPP-RPT-37505, Rev. 0

G F S CHEMICALS, INC.
Colurbus, Chio 43222

10T ANALYSIS

ITEM: 619 SODIUM FORMATE, REAGENT (ACS)

LOT#: P673902

PASS/ NUMERICAL
TEST FAIL RESULT

1. Assay 99.0% min. PASS 99.6%
2. Insoluble 0.005% PASS <0.005%
3, Chloride 0.001% PASS <0.901%
4. Sulfate 0.001% PASS <0.001%
5. Calcium 0.005% PASS <0.0005%
6. Heavy Metals {as Pb} 0.0005% PASS <0.0005%
7. Iron 0.0005% PASS <0 .0005%

TRACEABLE TO N.I.S.T. (¥/Ni? Y

Comment :

Reported by: Joan Plowman C/A Print Date: 3/19/08

QC Superxvisor: Joan Plowman

Quality Assured to Retest Point: 60 wmonths

Not for direct use in food, cosmetic or pharmaceuticals.

Consult warranty limitations at www.gfschemicals.com/terms.asp.

For resale by GFS authorized distributors only.
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G F s CHEMICALS, INC.
Columbus, Ohio 43222

LOT ANALYSIS

ITEM: 1078 SODIUM CHROMATE, TETRAHYDRATE, REAGENT

LOT#: PS68182

PASS/ NUMERICAL
TEST FALL RESULT
1. Assay 99.0-102.0% PASS 100.9%
2. Insoluble 0.C05% PASS <0.005%
3. pH of 5% solution 8.0-9.5 PASE 9.1
4. Chloride 0.00S% PASS <0.005%
5. Sulfate 0.01% PASS <0.01%
6. Aluminum 0.002% PASE <0.002%
7. Calcium 0.005% PASS <0.005%
TRACEABLE TO N.I.S.T. (¥/N)? Y
Comment :
Reported by: Nicholas E. Dangler C/A Print Date: 3/13/08
QOC Supervisor: Joan Plowman Quality Assured to Retest Point: 60 months

Not for direct use in food, cosmetic or pharmaceuticals.
Consult warranty limitations at www.gfschemicals.com/terms.asp.

For resale by GFS authorized distributors only.

A-81
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G F S CHEMICALS, INC,
Columbus, OChio 43222

LOT ANALYSIS

ITEM: 920 ETHYLENE GLYCOL, REAGENT LOTH#: P783656
PASS/ NUMERICAL
TEST FATL RESULT
1. Boiling range 194-200 C ‘ PASS 194-200 C
2. Specific gravity @ 20 C 1.115-1.116 g/ml PASS 1.1151
' 3. Acidity (CH3COOH) 0.01% PASS 0.00005
g 4. Water 0.2% PASS 0.014
| 5. Residue 0.005% _ PASS <0.005
E 6. Chloride 0.0005% PASS 0.00001
7. Iron 0.00002% PASS <0.00002

TRACEABLE TO N.I.S.T. (Y/N)? N

Comment:

Reported by: Silaja Nacharaju C/A Print Date: 3/14/08

QC Supervisor: Silaja Nacharaju Quality Assured to Retest Point: 60 months
from shipment

Not'fqr direct use in food, cosmetic or pharmaceuticals.
Consult warranty limitations at www.gfschemicals.com/terms.asp.
For resale by GFS authorized distributors only.
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G F S CHEMICALS, INC.
Columbus, Ohio 43222

LOT ANALYSIS

ITEM: 658 SODIUM NITRATE, REAGENT (ACS) LOT#: P786671
PASS/ NUMERICAL
TEST FAIL RESULT
1. Assay 99.0% min. PASS 100.7%
2. pH of 5% solution 5.5-8.3 @ 25 C PASS 6.2
3. Insoluble 0.005% PASS <0.005%
4. Chloride 0.001% PASS <0.001%
5. Iodate 0.0005% PASS <0.0005%
6. Nitrite 0.001% PASS <0.001%
7. Phosphate ©0.0005% PASS <0.0005%
8. Sulfate 0.003% : PASS <0.003%
9. Calcium 0.005% PASS <0.005%
10. Magnesium 0.002% PASS <0.002%
11. Heavy metals (Pb) 0.0005% PASS <0.0005%
12. Iron 0.0003% PASS <0.0003%

TRACEABLE TO N.I.S.T. (Y/N)? Y

Comment :
Reported by: Robert Kramer C/A Print Date: 3/19/08
QC Supervisor: Joan Plowman Quality Assured to Retest Point:

Not for direct use in food, cosmetic or pharmaceuticals.
Consult warranty limitations at www.gfschemicals.com/terms.asp.
For resale by GFS authorized distributors only.

A-83
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G F S CHEMICALS, INC.
Columbus, Ohio 43222

LOT ANALYSIS

ITEM: 5589 SODIUM NITRITE, REAGENT (ACS) LOT#: P786739
PASS/ NUMERICAL
TEST FAIL RESULT

1. Assay 97.0% min. PASS 99.1 %
2. Chloride 0.005% PASS < 0.005 %
3. Sulfate 0.01% PASS < 0.01 %
4. Calcium 0.01% PASS < 0.001 %
5. Heavy metals (as Pb) 0.001% PASS < 0.001 %
6. Iron 0.001% PASS < 0.001 %
7. Potassium 0.005% PASS < 0.001 %
8. Insoluble 0.01% PASS < 0.01 %
9. pH of 5% solution 5.5-8.3 @ 25 C PASS 7.4

10. Appearance - White to pale yellow PASS As Stated

TRACEABLE TO N.I.S.T. (Y/N)? Y

Comment: :

Reported by: Kenneth L. Shafer C/A Print Date: 3/19/08

QC Supervisor: Joan Plowman Quality Assured to Retest Point: 60 months
from shipment

A-84



RPP-RPT-37505, Rev. 0

Potentiodynamic/Potentiostatic Polarization

Test Information Form

Project Name: ARES Project#: 81170134
Test Type: Cyclic Potentiodynamic Polarization Date Start: | 11 /1¥/°]
Specimen ID: b -s4 Time Start: | (2303 P

. ocP: [EUGe-3U—0OCP. PTA
Data Files: =

res cPP. | EUifb—XU— OCP-D 1A

=0 i
Solution: Wy~ Psc Atmosphere: Nitrogen purgin
Temperature: & °C Reference Electrode: SCE
Initial pH: >3 Final pH: PR
T
Starting Potential: —9 N ] Vvs. OCP Reversal Potential: ]  Vvvs.SCE
Scan Rate: 2] mV/s | | Final Potential: —v- ] Vvs. OCP
Reverse Current a7y mA*
7
Sample Length: 248 cm | | Sample Diameter: O e cm
Sample Area: =79 cm?
ApisT- pse PR >3

ARES AY102 Solution Batch ID: Tkt VS H 63

Potentiostat:

Ay Ret poO0

Potentiostat ID: w2 |
vé
Comments:
Test Performed by: | Feng Gui Home Phone: 614-777-9599
Project Manager: Sean Brossia
Date end: itis/-"7 Time end: 3:00Pr~
7 4 1

* Set a value such that the reversal current density is 1mA/cm?;

A-85

QA APPROVED

NAME:_Clolww
DATE:

q-18%-0%




RPP-RPT-37505, Rev. 0

PotehtiodynamiclPotentiostatic Polarization

Test Information Form

Project Name: ARES Project#: . 81170134
Test Type: Cyclic Potentiodynamic Polarization Date Start: | (2/03/°]
Specimen [D: Tugb-to Time Start: | (2 coopPr™
Data Files: OCP: | EL19b~bo - o Cp pTA

CPP. | ELI9b- 60 - cPP-DTA

1
Solution: Pprey-ps < Atmosphere: Nitrogen purging
Temperature: $o °C Reference Electrode: SCE
Initial pH: >i3 Final pH: i3
Starting Potential: — o7 | V vs. OCP Reversal Potential: [ Vvs.SCE
Scan Rate: 0d] mV/s Final Potential: —o0.] Vvs. OCP
Reverse Current -7 mA*
Sample Length: 307 cm | { Sample Diameter: o4 cm
Sample Area: ¢ cm?
APlos-pse  pPnzi3
ARES AY102 Solution Batch ID: | Trock ™y #. L
Potentiostat: Gomry Ref 69°
Potentiostat ID: (3> |
Comments:
Test Performed by: | Feng Gui Home Phone: 614-777-9599
Project Manager: Sean Brossia
Date end: (2foy /> Time end: 3 80'{""’\
T A T

A-86

* Set a value such that the reversal current density is ImA/cm’;

QA APPROVED
NAME: _Cldun

DATE:.

44808
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Potentiodynamic/Potentiostatic Polarization

Test information Form

Project Name: ARES Project#. 81170135
Test Type: P otenties Sttec Date Start: | ® 12/+7 /2607
Specimen ID: cLnfb - 63 Time Start: |23 o9P
i ocp: [ Ewiql- b3~ o(p - npr
Data Files: —
cep: | Fiiqb-63-PS. »wpr
Solution: PloS—PsSc Atmosphere: M Py
Temperature: So  °C Reference Electrode: : SCE
Initial pH: >3 Final pH: X
Starting Potential: «t/. Vvs. OCP Reversal Potential: ALLA V vs. SCE
Scan Rate: 4 a3 mV/s Final Potential: '4/ I vvs.oCP
7 Applied potential for potentiostatic
Reverse Current N / ,‘} mA* test: ©  Vvs.SCE
. T
Sample Length: 348 cm Sample Diameter: 2 cm
Sample Area: ¢-29 e’ Sample initialffinal weight: '\-)// )‘b’ U/A‘
A,P(o Y—FSC PN >
Solution Batch ID:
Potentiostat: vmP3
Potentiostat ID: SEX
Comments:
ppros—psc. PR3- =
Test Performed by: E-R"“'\ Gy Home Phone: 277- 93879
Project Manager: | Sean Brossia
Date end: 12 f2 0 f2077 Time end: (Rzuyps
{ v

* Set a value such that the reversal current density is ImA/cm?®;

QA APPROVED

NAME:

CO isger

DATE:

A-87
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Potentiodynamic/Potentiostatic Polarization

Test Information Form

Project Name: ARES 2008 Projecti: 81170135
Test Type: CPP Date Start: | /21 /2098
Specimen ID: HELWGETL Time Start: (2200 f -~
Data Files: ocp: [#ELIQE~EY ~ ocP. mPrC
crp: | Eug b —ble —(PP-

) )
Solution: Aplos—PS < Atmosphere: Nitrogen purging
Temperature: ) 3o °C Reference Electrode: SCE
Initial pH: - (3 Final pH: i3
Starting Potential: — o Vvs. SCE Reversal Potential: {  Vvs.SCE
Scan Rate: o] mV/s Final Potential: ~¢.] Vvs.SCE
Reverse Current 479 mA*
Sample Length: 3-8 cm Sample Diameter: O-lf cm
Sample Area: £79 cm’

T
Aplar—-FSc Tmck?ns'ﬂ =25

ARES AY 102 Solution Batch ID:

P13

Potentiostat:

otpP LVMPpPsS

Potentiostat ID:

ISEY

Comments:

r"—\,\?f‘}‘,\\ Y& vNTon T

CrewvCe w3 *}:\Wmeok M?v} ~ ?TFE

614-777-9599

Test Performed by: | Feng Gui Home Phone:

Project Manager: Sean Brossia _

Date end: oifaz2 /2593 Time end: 4= 5"?""’
!

* Set a value such that the reversal current density is ImA/cm’;

A-88

(A APPROVED
NAME' 0 dstmne

DATE:

¢-18-08




RPP-RPT-37505, Rev. 0

Potentiodynamic/Potentiostatic Polarization

Test Information Form

Project Name: ARES 2008 - N - Project#: 81170135
Test Type: Pore ik ofAAT B O maJTE] pate Start: | ©1/23/7 04}
Specimen ID: ELndb- 65 Time Start: P2 <o? !DV"\
Data Files: ock: | EUIb-63 —Op "

epr: Elig—65~ 'PS N W\;Pr
Solution: APIVY ~ PS¢ Atmosphere: Nitrogen purging
Temperature: 37 ¢ Reference Electrode: SCE
Initiat pH: >R Final pH: 713
Starting Potential: N R Vvs. SCE Reversal Potential: ~V/h Vvs. SCE
ScanRate: Ny mV/s | | Final Potential: /71 vvs. SCE
Reverse Current 7 mA* - :
Sample Length: =~{8 cm Sample Diameter: 74 cm
Sample Area: .32 cm®

Pc?zoJ\—-PS‘c ke 13

ARES AY102 Solution Batch 1D: W\,y ;ﬁ ’7 é

Potentiostat:

yvmP3

Potentiostat ID:

Comments:

‘f . .

l)yten‘n‘os-i-e:h‘_c teit——F o vs. S¢B

W/ o PTFE Tu/g;«w QQ@(—(‘M o

&Y RVYTey

-| Test Performed by: | Feng Gui Home Phone: 614-777-9599
Project Manager: Sean Brossia i
Date ond: O [25/209) Time end: Vhkhed A
7 7 = y

* Set a value such that the reversal current density is ImA/cm®;

A APPROVED
NAME:_(Qdaonn
JATE___4-b=s

A-89



RPP-RPT-37505, Rev. 0

Potentiodynamic/Potentiostatic Polarization

Test Information Form

ARES AY102 Solution Batch ID:

T‘OLK\‘M% 4 f,l-é

Project Name: ARES 2008 , Project#: 81170135
Test Type: BDlovbonkodie @ 0 W]ISRZ | Date Start: [
Specimen ID: Elnal - b} Time Start: A .00 AN

o ocP: |21 (194 - bt - OCP - mPe.
Data Files: :

opP: [EL 1196 -6 - PS. wmpr
opetn oy T
Solution: AP1I0K - PSC. & ﬁ Atmosphere: Metsegenpurging | ®
Temperature: be °C Reference Electrode: SCE
Initial pH: Y 13 Final pH: 12-4p
Starting Potential: NA V vs. SCE Reversal Potential: A/, Vvs. SCE
Scan Rate: A mV/s | | Final Potential: /R vvs. SCE
Reverse Current mA* :
Sample Length: 3.0% cm Sample Diameter: A em
Sample Area: 4.0 cm’
AP W5 - PSC pH Y13

Potentiostat:

NI)

Potentiostat ID:

156%

Comments:

Dlenfetbodae  Yest @
ouqens Bds \'w{\%c{ owv PP Sample

om\t US. ¢&

Test Performed by:

Ferig Gui

Home Phone:

614-777-9599

Project Manager:

Sean Brossia

Date end:

E¥21ES

Time end:

9:00 _Am

* Set a value such that the reversal current density is 1mA/cm’;

A-90

QA APPROVED
NAME:_Crace.

DATE:

4-14-0%




RPP-RPT-37505, Rev. 0

Potentiodynamic/Potentiostatic Polarization
Test Information Form

Project Name: ARES 2008 Projecti: 81170135
Test Type: Do sk @, O ™™ /cE | Date Start: | & //510%
Specimen ID: EL Hal, - 1R dlicfes AR Time Start: q.00 M)
Data Files: ocp. |[EL 1AL 1) CCP . ™MFY

CPP:

oPen ai't

Solution: APIOS-PsC # %0 Atmosphere: Nitregenpurging
Temperature: 50 °C Reference Electrode: SCE
Initial pH: 2.5 FinalpH: (5. 3&
Starting Potential: N/ A Vvs. SCE Reversal Potential: A Vvs. SCE
Scan Rate: mVi/s Final Potential: Y Vvs.SCE
Reverse Current alh mA*
Sample Length: cm Sample Diameter: 0A4% cm
Sample Area: ENCTEA cm?

AP 105 - PSC 4%
ARES AY 102 Solution Batch ID: ‘PH %, Q

Potentiostat: NP 2
Potentiostat ID: [56%

Comments: po*om’r\’os’m\\ﬂ‘b ,\{%,\— @ O my / SCE me‘m
OCP oo 1% e € /2 Covpou im SolwHous [ mwd opay o

Test Performed by: | Feng Gui Home Phone: 614-777-9599
Project Manager: Sean Brossia
Date end: 2] 14lcy Time end: i:co N

* Set a value such that the reversal current density is 1mA/cm’;

QA APPROVED
NAME: _Coduns
DATE:___a-14-08

A-91



RPP-RPT-37505, Rev. 0

Potentiodynamic/Potentiostatic Polarization

Test Information Form

Project Name: ARES 2008 Project#: 81170135
Test Type: fen hostafC (@ O -AW/SCE | Datestart: | #//SI0Y
Specimen ID: EL 1AL-7= 73 AF /5/o% | TimeStart: | 9400 ()
Data Files: OCP: |£L 1146 -3 A 8/16P0%

CPP:
Solution: 8P 105- PSCHFAM 12, 48 Atmosphere: Nitrogen purgin
Temperature: 5o °C Reference Electrode: SCE
Initial pH: 12,45 FinalpH: [ 3
Starting Potential; Vvs. SCE Reversal Potential: At A Vvs. SCE
Scan Rate: ‘A mV/s | | Final Potential: NV v vs. SCE
Reverse Current WA mA*
Sample Length: 1«59 cm Sample Diameter: Q1A% cm
Sample Area: Lo 3K em’

AP -1056 PSC F 14

ARES AY102 Solution Batch ID: Pﬁ 13. 5 &

Potentiostat: yinP>s

Potentiostat ID: 1D0%

Comments: : —-
T Dluboshbe bt @ o my/ SCP

i CDUPD’V\— f‘Yhezssfowv\ ocp &Oﬁ 13 \Ms

16.0 mm expose o aly

Home Phone:

Test Performed by: | Feng Gui 614-777-9599
Project Manager: Sean Brossia
Date end: EIEIERR Time end: 0o aMm

* Set a value such that the reversal current density is lmA/cm’;

A-92

QA APPROVED
NAME:_ Cldisne

DATE:_4-14-08



RPP-RPT-37505, Rev. 0

Potentiodynamic/Potentiostatic Polarization
Test Information Form

Project Name: ARES 2008 Projecté: 81170135
Test Type: CPP Date Start: d Holo
Specimen 1D: FL WAL -2 - Time Start: .60 B
Has- ocp: |EL 1AL -F75 OCP. M
Data Flles: cPe. |BL (1AL - 4% CPP. CotT |
. opem alir
: Solution: AP 106 - P % 79 Atmosphere: ‘ Nitregon purging:
; Temperature: 50 °C Reference Electrode: SCE
i Initial pH: v 245 Final pH: {2-do
= .
Starting Potential: - @1 Vvs. S€E Reversal Potential: | Vvs.SCE
Scan Rate: 0V} - mV/s | | Final Potential: —0:\Vvs. S6E locp
5 Reverse Current | o, 4] mA*
‘ Sample Length: | ‘40 cm Sample Diameter: 8.4% cm
Sample Area: R 41 cm?

I AP 5 -3¢ ¥ 39 CTmciL\'Mcé %)
‘ ARES AY102 Solution Batch [D: P 12, AT

Potentiostat: oY Ve 3 CPY  Ws &°F 3
Potentiostat [D: 1223 19475
Comments: »

h upen  Tmmetsio At
ceP  ow Tax $FD

Test Performed by: | Feng Gui Home Phone: 614-777-9599
Project Manager: Sean Brossia :
Date end: RI20% Time end: 9400 6

* Set a value such that the reversal current density is ImA/cm’;

QA APPROVED
NAME: _ Qdun. -
DATE:__4-a«g

A-93



RPP-RPT-37505, Rev. 0

Potentiodynamic/Potentiostatic Polarization

Test Information Form

Project Name: ARES 2008 Project#: 81170135
Test Type: olevi hosne (@ O Wy /SCF | pate Start: | &1 210
Specimen ID: FL 1ol - 1@ Time Start: | /8:00
Data Files: ocp: [gi114- 2¢ otP- MPR.

CPP:

opem o'

Solution: AP b - PSC 4 F4 Atmosphere: Nittogen purging |
Temperature: Roomn Tempnatoge . Reference Electrode: SCE
[nitial pH: 12e AT T Final pH: 19.44
Starting Potential: R V vs. SCE Reversal Potential: NP Vvs. SCE
Scan Rate: T mV/s Final Potential: Vvs. SCE
Reaverse Current mA*
Sample Length: A A cm Sample Diameter: - & AY cm
Sample Area: 2.6 cm?

YW N X
A pPsC 9

Ce® &05 {Q bes 2. L, mm Eéx

ARES AY102 Solution Batch ID: T)H {9, A%
Potentiostat: ceP VMmes

Potentiostat ID: 1BL%

Comments: POLM/\ W $>5v6\ i A @ comy [‘ e E Qk ROW\ W Peﬁa*f/

l

sose. 46 AT ak seom lewpady

O

614-777-9599

Test Performed by: | Feng Gui Home Phone:
Project Manager: Sean Brossia
Date end: Al &80 Time end: Lo A v

A-94

* Set a value such that the reversal current density is 1mA/cm?;

Wk APPROVED
NAME:___csoduom

DATE:

4.14-08




RPP-RPT-3750S5, Rev. 0

Potentiodynamic/Potentiostatic Polarization
Test Information Form

Oc? &)6 \% \Ms &% bHo ‘C

\ .
/o‘l imesson coupo IF,{ mm expose. o air

Project Name: ARES 2008 Projecti: 81170135
Test Type: Wiemhovstalie @ 100 wIYS [ Date Start: | HR5[0%
Specimen ID: EL a6 - T4 “1Time Start: | 1>00 #
. ocp:. | EL19L - 77~ OCP .yt
Data Files:
T [epe JEZTML-77 - P . mpr, BT
- T 09 e 'V\ p ‘ ﬂi:
Solution: QAP 05 — PSC A 19 Atmosphere: Nitrdgenpurging |k 356
Temperature: 50 °C Reference Electrode: SCE
Initial pH: EPPTs Final pH: {3, 20
- Starting Potential: A Vvs. SCE Reversal Potential: ~ch Vs SCE
Scan Rate: : mV/s Final Potential: Vvs. SCE
Reverse Current N/6 mA* ' :
Sample Length: [ 2% . cm Sample Diameter: 0: AX  om
Sample Area: 118 cm?® ~ |
AP 1OS -PSC A3 PH (348 N
ARES AY102 Solution Batch ID:
Potentiostat: Ve 9
Potentiostat ID: 15b%
Comments: OC R A 216508
2 Fondwonst adve a)f oo ¥V V3 P S0t

Test Performed by: | Feng Gui

Home Phone: 614-777-9599 .

Project Manager: Sean Brossia
Date end: Rjas lo% Time end: Yoo pM -

* Set a value such that the reversal current density is imA/cm’;

St solubion &6 No,  No,© ok OBT |
| QA APPROVED

NAME_cotiec.

DATE:__4-4-8

A-95



RPP-RPT-37505, Rev. 0

Potentiodynamic/Potentiostatic Polarization

Test Informatio

n Form

ARES AY102 Solution Batch ID:

- . &10%
femCln 'V\ak ;ﬁ% f;‘r 3/

Project Name: ARES 2008 Project#: 811701 35
Test Type: CYP Date Start: | 9/3/0%
Specimen ID: Bl Al - Time Start: { Hiso AT
- OCP: |EL 1ab- %1 OCp. mpy
Data Files:
dartes CPP: |£ £ 1Al -3 __CPP. Cos
opem aty
Solution: AP WS- PSC A g Atmosphere: Nitrogen-purging
Temperature: Foom  TemnpessGure Reference Electrode: SCE
Initial pH: 12.2% 0 Final pH: 13,40
" g .

B OQP _ & ,}1)\0
Starting Potential: -0, Vvs. SEGE Reversal Potential: 1  Vvs.SCE|!
Scan Rate: oY mVis Final Potential: -~ -1 Vvs. SCE CP
Reverse Current 4 HL mA*
Sample Length: 2.1F cm Sample Diameter: cm
Sample Area: A cm’

AP 105 - PSC  PH 12.3%

Potentiostat:

VRV Yas T3 CCPr)

15v$

24F O

Potentiostat ID:

Comments: . )
ocP &o & 1 s, opem to ave &U\\ Qoo
(et s oW .
od's A vmesvoin,
CPP  own Pas 3> OFF ¥
Test Performed by: | Feng Gui Home Phone: 614-777-9599/
Project Manager: | Sean Brossia : e
Date end: &/ 3500k Time end: 8o A M

~ * Set a value such that the reversal current density is ImA/cm?,

A-96

QA APPROVED

NAME:__Codu
DATE:__4-4<8




RPP-RPT-37505, Rev. 0

Potentiodynamic/Potentiostatic Polarization

Test Information Form

Project Name: ARES Project#: 81170135
Test Type: Cpd Date Start; | 0>/2U /¥
Specimen ID: FE LI~ 29 Time Start: Itoopwm
Data Files: ocp: [FELIGL—§9 - 0Cp. wpr
cep: | & FL“? f?"?’ﬁl IﬂP\ Cer
Solution: SVY1o3 —pPiL | Atmosphere: N> pPurdi
Temperature: YIRS Reference Electrode: __SCE
Initial pH: 3+ Final pH: 3+
Starting Potential: | — < ‘| Vvs. OCP Reversal Potential: i V vs. SCE
Scan Rate: a1 ] mVis Final Potential: ~o [ Vvs. OCP
Applied potential for potentiostatic I‘/ /#
Reverse Current .77 ma test: Vvs. SCE
Sample Length: 3} cm Sample Diameter: ol cm
Sample Area: 4 57 cm’ Sample initialffinal weight: 33337 g g
b T

ARTS S\/io3—P|\,
Solution Batch ID: T""\Ck?’”’) # Q_r
Potentiostat: venpd (ocP) CAR 23 (¢ P>
Potentiostat [D: s b8 i w'l)
Comments: ~ Sionn

\fv\,l | o mnmEr
Test Performed by: | Ty Gua e Home Phone: =>27-9599
Project Manager: Sean Brossia .
Date end: 03 [22/8 Time end: X= (LA
>

* Set a value such that the reversal current density is 1mA/cm®;

A-97

QA APPROVED
NAME:__<2oteun

DATE:

4-14-08




RPP-RPT-37505, Rev. 0

Potentiodynamic/Potentiostatic Polarization
Test Information Form
Project Name: ARES Project#: 81170135
Test Type: Cbp Date Start: D3/2y /&
Specimen ID: #CuUMb-29- Time Start: (V0 prA
- ocP. | #TUN6— 9 3- OCp. mPr
Data Files: =7 4
' crp: | HELI] G- f;)l ~ Cpp- Cor
Solution: ' wps- pLl Atmosphere: . purye
Temperature: $O °¢ Reference Electrode: .SCE !
Initial pH: 13+ Final pH: {34
-V
Starting Potential: | ~<-] Vvs OCP Reversal Potentlal: {__Vvs.SCE
Scan Rate: 0 Final Potential: ~ . [ Vvs. OCP
! Applied potential for potentiostatic .
Reverse Current 25 mar] |test: W A=~ vvs. SCE
Sample Length: 24k cm Sample Diameter: ' o¢d cm
Sample Area: 72 S om? Sample initialifinal weight: N AV 9
M~
ARES> Kwlos - Piv
Solution Batch ID: Tre~ck “V—Tﬁ Sé
Potentiostat: Vi3 (OCPD . J’A—R 2723 C CF?’ N
Potentiostat ID: IS63 - cl2¢)) ‘
Comments: N .
Sl Twamer Ston
Test Performed by: | Feng Gy Home Phone: —>=- Y
Project Manager: Sean Brossia A
Date end: 03/ /58 Time end: P A A
T L4

* Set a value such that the reversal current density is ImA/cm?®;

GAA
NAME
DATE:

PPROVED

A-W4-0f

A-98



RPP-RPT-37505, Rev. 0

Potentiodynamic/Potentiostatic Polarization
Test Information Form

Project Name: ARES Project#: 81170135
Test Type: poterftosnTC Date Start: 03/27/0f
Specimen ID: ELa6—a) Time Start: 1€ Jsam

- =q7 - - v
Data Files: oce. JELITL = G T~ otp. mP

CPRfiL
Solution: ioy—Pse Atmosphere: prxescent
Temperature: coe °C Reference Electrode: SCE
Initial pH: 3+ Final pH: 34
Starting Potential: | A J)A Vvs.OCP Reversal Potential: | v[/n Vvs. SCE
Scan Rate: AN mVis Final Potential: 1Y vvs.ocP
, 7 Applied potential for potentiostatic
Reverse Current ' / A mar test: ©  Vvs.SCE
Sample Length: 30D cm Sample Diameter: cm
Sample Area: o~ cm’ Sample initial/final weight: 34230 g/
APlos~ PSe

Solution Batch ID: w}:(‘»—‘ ¥ 1 8 2

Potentiostat: )
Potentiostat ID: 1363
Comments: , qu{eg Cen | So ij

Foivv‘\h\sivdec @ o nw vs. SCE

check W\Zt‘—}k'} sy va U Y N
YRTE GKFORJ

Test Performed by: | 2% &< Home Phone: 12727377

Project Manager: Sean Brossia

Date end: vy Ao B Time end: X>30 Pum
7

* Set a value such that the reversal current density is ImA/cm?;

<A APPROVED
NAME: _c2duu
DATE.__4.1409

A-99



RPP-RPT-37505, Rev. 0

&/

Potentiodynamic/Potentiostatic Polarization
Test Information Form
Project Name: ARES N Project#: 81170135
Test Type:  Poter i TIRITC Date Start: O3/ [
Specimen ID: ) Lrqe-942 Time Start: fos poen A~
Data Files: ocP: | Ernge b-32 —oep. MY
CPP:

Solution: RPpi1sS=psc Atmosphere: @? € §Cercy
Temperature: 00OneC Reference Electrode: SCE
Initial pH: 3+ Final pH: 01
Starting Potential: ot Ly Vvs OCP Reversal Potential: KL /a_Vvs. SCE
Scan Rate: / V/ 53 mV/s Final Potential: A AAETS OCP‘

: Applied potential for potentiostatic €593 O
Reverse Current NZ lk mA* test: :%_ Vvs. 8CE
Sample Length: 317 cm Sample Diameter: cm
Sample Area: S« com?| | sample initialffinal weight: o9/ g

Fp o pse
Solution Batch ID: Wklv\ #< ?2—
Potentiostat: VP33
Potentiostat ID: 42
Comments: FO_‘_e e statee @ < o v Vi ly(/f) . oo Z -
q}p(zscw\ ) kodf fonmerSivn . To hQwr]
oY QKPOSQJ«
.\ o
Test Performed by: | Y88 [ ¢ Home Phone: 772377
Project Manager: Sean Biossia
Date end: V35 /2 Time end: 1 TOAN~
- —/

* Set a value such that the reversal current density is 1mA/cm?;

| ]

4% APPROVED

NAME Qo

DATE:

A-100

A -dog

os/zt/a



RPP-RPT-37505, Rev. 0

(

PotentiodynaniiclPotentiostatic Polarization

Test Information Form

Project Name: ARES Project#: 81170135
Test Type: CPP Date Start: O&fo1/F
Specimen ID: HEUTE-73 Time Start: ENVATIEN
Data Files: ggppj HELN46-95 ~0cp anpr
. Vo NATF, 3‘85M ATATETR
Solution: AP 3= PSsc Atmosphere: W, SpAd
Temperature: ¢c °C Reference Electrode: SCE
Initial pH: ~+13 Final pH:
Starting Potential: | — o\[vvs OCP Reversal Potential: | Vvs. SCE
Scan Rate: v !] mVis! | Final Potential: ~—v. ] Vvs. OCP
f Applied potential for potentiostatic
Reverse Current ¢2 6 mar| |test: V vs. SCE
Sample Length: 3u)  cm Sample Diameter: AS) @? cm
Sample Area: 44 cm? Sample initial/final weight: B 528 o g
feple¥-psc No MU

i : T i) #H K7 o 137
Solution Batch [D: Teo~C | tvﬁ ¥ 235 A~ IUOS F
Potentiostat: VP CoePs
Potentiostat ID: 15
Comments:
Test Performed by: | Feevs, (o~ Home Phone: 77°-9571)
Project Manager: Sean Bfossia _
Date end: O /oS /o X Time end: [%*° "iﬂ"“

X7 ) 4

* Set a value such that the reversal current density is 1mA/cm’;

A-101

GA APPROVED
NAME:_Coau

DATE:

4 -4 08




RPP-RPT-37505, Rev. 0

Potentiodynamic/Potentiostatic Polarization
Test Information Form
Project Name: ARES Projects: 81170135
Test Type: ey Date Start: | 4£14[0}
Specimen ID: + Fl 11aL- 9% 7 Time Start: | 12-80
] ocP: | ¥ FL IL-A% .mpr cacp)
Data Flles: cPp. [FL 1115- 15CPP - BAR _OTA AL _AT0I0%
Solution: AP 10S- Nixed wpdvatinosphere: Ny FUT .
Temperature: 90  °C " | Reference Electrode: SCE
Initial pH: 12 ¥ Final pH: 3F (KAl
Starting Potential: | ~2' 1 Vvs. OCP Reversal Potential: ' vvs.SCE
Scan Rate: 6.1% mV/s Final Potential: -0:| Vvs.OCP
Reverse Current 4.3, mA* Applied potential for potentiostatic test: V vs. SCE
Sample Length: RS cm Sample Diameter: 0.4% cm
Sample Area: At cm? Sample initial weight: 3.5430
AP 10§ m\'x'ef‘wfe\sm&
Solution Batch ID: . .Mww% 4% pH Y13
| AR AR
Potentiostat: NP B (ocPd as—+3—€EF8) Gamsy
| Potentiostat ID: 16L% +34F JAeR T
! Comments:
{ Al immessvor
Test Performed by: | Amnoyporn Kefley Home Phone: 614-889-7980
Project Manager: Sean Brossia )
Date end: Al 110% Time end: B3¢ Ay

* Set a value such that the reversal current density is ImA/cm®;

QA APPROVED
NAME: Gl ——

DATE: 8:7:08

A-102



RPP-RPT-37505, Rev. 0

Potentiodynamic/Potentiostatic Polarization

Test Information Form

Project Name: ARES Projecti#: 81170135
Test Type: Wievtosia e @ O mv VS SCE| Date Start: | 4{1(0%
Specimen ID: EL 13t -418 Time Start: | {100 €N
. ocP: | £7 1194 -99  OCY . pT
Data Files:
e chr [ Fo (16-94 DS~ mer
Solution: 7P- 105 3¢ % 90 | Atmosphere: Ng af hwed - pate
Temperature: 50 °C Reference Electrode: SCE
Initial pH: .13 Final pH: 3. 4%
Starting Potential: | ,, ; ; Vvs.OCP Reversal Potential: NAA Vvs. SCE
Scan Rate: N mVis Final Potential: A Vvs. OCP
Applied potential for potentiostatic
Reverse Current M / A mA* test: o Vvs. SCE
Sampie Length: jeod cm | | Sample Diameter: 0. 4% cm
Sample Area: 23 cm?® | | Sample initialfinal weight: 2:5A% g
AP 105~ PSC T w0 it 3%

Solution Batch ID:
Potentiostat: OCP__ MPY PSS meR
Potentiostat ID: _[BbY \56%
Comments: - 50°C . N @UGD&@\% abbore  had e

- 18 ey 0cP n

_ Bohrevveskatie @ o0 MY 5o WSS

P aL% TNNESSOUL L5 i eppore bo Ale
Test Performed by: | Naw« Helle “ Home Phone: UA %9 - 380
Project Manager: Sean Brossia
Date end: 4{] 3(0% Time end: 7' Ay

* Set a value such that the reversal current density is 1mA/em®;

X Oowsow Psoduwer Pluce Q,ua?rv,j wa@ whaan X"W'B‘NC{

QA APPROVED
NAME:_CRotunr

8 -2-08

DATE:

A-103



RPP-RPT-37505, Rev. 0

Potentiodynamic/Potentiostatic Polarization
Test Information Form

Project Name: ARES Project#: 81170135
Test Type: cHy Date Start: | 4{15I0%
Specimen ID: i HAL - Time Start: | |'90 P
Data Files: OCP: | £/ 1126 - (00 OCP, DRR AV 4isl®
) cPp: | FL {8b- (00 CPP. DTE
Solution: aposhe Rpevalf Atmosphere: Ny
Temperature: 60 °Cc Reference Electrode: SCE
Initial pH: 14 Final pH: A0S
Starting Potential: | - &+ | Vvs. OCP Reversal Potential: [ Vvs.SCE
Scan Rate: 0-1F mVis| |Final Potential: -0.-} Vvs.OCP
Reverse Current 4034 mA* Applied potential for potentiostatic test: AJ/A Vvs.SCE
Sample Length: 2:1% cm Sample Diameter: O-48 cm
Sample Area: X cm? || Sample initial weight: 2054
Evaf)ozsa ke . &JP&“&V\A’P& Tsac # 491
’ f wlox

Solution Batch ID: | P 14 T3 e

P . po =\
Potentlostat: (OCP) GameA { CPP) Gooms_
Potentiostat ID: EL o~

Comments: ¢l immesion; OCP &On TR
cp® @ t o Vs FOC oA APPROVED
NAME: _Qidums
DATE. __877=®

Test Performed by: | Amnoyporn Kelley Home Phone: 614-889-7980
Project Manager: Sean Brossia
Date end: ANtlog Time end: Soe PN

* Set a value such that the reversal current density is 1mA/cm®;

~ oo Cloomdy  Whan, shagk Alctae.-g\‘w bt tosn Cleas a@.’“ N OCp
Owes w,dm- m‘og Qaﬁ)

- B (e th s CPP sadusaked charrubad settl doww (T the
Lokto W o&'ﬂu celd

A-104



RPP-RPT-37505, Rev. 0

Potentiodynamic/Potentiostatic Polarization
Test Information Form

Project Name: ARES Projecti: 81170135
Test Type: ceP Date Start: | A{tHK
Specimen ID: g/ 1l - 10} - Time Start: |&!00 P
] - locp: [£L 4L - [g1 ocP - DTA

Data Files:

aries cPp: |EL 1@ - 101 CPP.DTh
Solution: AP 10S =b |, Atmosphere: Ng  in sdlodvorn
Temperature: Roomn °C Reference Electrode: SCE
Initial pH: 12.9¢ Final pH: 2.0
Starting Potential: ~911 Vvs.OCP Reversal Potential: t V vs. SCE
Scan Rate: O3 mV/s Final Potential: l-o- | Vvs. OCP
Reverse Current A3l mA* Applied potential for potentiostatic test: V vs. SCE
Sample Length: ERY) cm Sample Diameter:. .43 cm
Sample Area: A3 om’ | | Sample initial weight: 35292 g

LAY

AP 105 PSC Tsack'ste w¥d  2.%5 0 Nitay

Solution Batch ID: . ?H 1.4 ¢
Potentiostat: OcP Gamey CPP Coamsn
Potentiostat ID: [ho% fAC R ©
Comments: .

- Full itmmesiean

- 0ocP 1k lnes.

~ C??P

Test Performed by: | Amnoyporn Kelley . Home Phone: 614-889-7980
Project Manager: Sean Brossia : :
Date end: Al(%l0% Time end: ' 3%060 PN

* Set a value such that the reversal current density is 1mA/cm’;

‘(\b Qonnosq-am, ?«so&uc«‘ | QA APPRGVED |
NAME:_¢Cgdu
DATE 8-70%

A-105
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Potentiodynamic/Potentiostatic Polarization

Test Information Form

Project Name: ARES Project#: 81170135
Test Type: CcPP Date Start: | 4 /(8{0%
Specimen ID: EL 113 - 103 Time Start: | 0100 & M
] ocp: |FL 1b-(04 OCP-mpr
Data Files:
fles crp._|£Z 1AL -(0d__CPP .DTH
Solution: AP {05 P3C Atmosphere: Optia Yo on'y]
Temperature: 50 °C Reference Electrode: 7 SCE
Initial pH: 19, 18 Final pH: _12:20
Starting Potential: -0- 1 Vvs. OCP | | Reversal Potential: l-© Vvs.SCE
Scan Rate: o\% mV/s Final Potential: -a.l Vvs. OCP
Reverse Current mA* plied potential for potentiostatic test: /A Vvs. SCE
Sample Length: D177 cm | | Sample Diameter:. OAY  om
Sample Area: A3 cm? | | sample initial weight: 2.5y
Solution Batch ID: ‘)H 12.1%
AL AT510%
Potentiostat: OcP WP NMPS CPP GamwA
Potentiostat ID: 5638 Mo% ¥
Comments: ol ‘mmession
0P & ey
- cpp
Test Performed by: Amnbypom Kelley Home Phone: 614-889-7980
Project Manager: Sean Brossia
Date end: 4la110% Time end: Slov &M

* Set a value such that the reversal current density is 1mA/cm®;

(A APPROVED

NAME:_dum

DATE:

8-7-09

A-106
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Potentiodynamic/Potentiostatic Polarization

Test Information Form

M

Project Name: ARES Projectif: 81170135
Test Type: cPP Date Start: | 51708
Specimen ID: ! 1]} - !Ogb Time Start: | 980 AN
T OCP: | FLI1Ab~ {03 0CP.mPY
Data Files: cpp: [£Z 1136 - 105 Cpp. B1A
Solution: AZ 108 P12 | Atmosphere: Ny
Temperature: 14 °C Reference Electrode: sce U
Initial pH: 12.4¢ Final pH: 12, g
Starting Potential: | ~0: | Vvs.OCP | | Reversal Potential: |  vvs. SCE
Scan Rate: 6.[F mWis| [Final Potential: ~ 01 Vvs.OCP
Reverse Current AsH, mA* | | Applied potential for potentiostatic test: | {\J/A V vs.SCE
Sample Length: 2.1 % cm Sample Diameter: ©A%  cm
Sample Area: A2l cm? Sample initial weight: %.5%% g
AzZ 108 Troadkiane & A3 ST
Solution Batch ID:
(p1 t3.88)
Potentiostat: P ynP3 CPP Gomsth
Potentiostat ID: [B0% Aoy ~
Comments: wl tmmes v . oce koﬁ (3 s avd then ce® ket

ka1 e

Not astode  end o;k& cpP
Test Performed by: | Amnoypom Kelley Home Phone: 614-889-7980
Project Manager: Sean Brossia
Date end: 2lalo} Time end: &% P

* Set a value such that the reversal current density is 1mA/cm?;

QA APPROVED
NAME: _CGldu

DATE: 8228

A-107



RPP-RPT-37505, Rev. 0

Potentiodynamic/Potentiostatic Polarization
Test Information Form
Project Name: ARES Project#: : 81170135
Test Type: cCPP Date Start: 611410 % AL lisleg
Specimen ID: L 4L~ lo4 Time Start: 1130 PM
Data Files: OCP: | F2 1Ah - (0A OCP . wpr
CPP: |+ 114} - lpa CPP

Solution: proth Sup estakAtmosphere: Ng  Pusaqy og
Temperature: 50 °C Reference Electrode: sce 0
Initial pH: 14 Final pH:
Starting Potential: | -~ 0.} Vvs. OCP Reversal Potential: i _Vyvs SCE
Scan Rate: K mV/s Final Potential: -0- 1 Vvs.OCP
Reverse Current 4,7 mA*| | Applied potential for potentiostatictest: | NA  Vvs. SCE
Sample Length: 204  om Sample Diameter: A% cm
Sample Area: AoFl  om? Sample Initial weight 2530 g

Fva ‘Dosak QU\DE’V‘OQt, PR 14 5 T \'Dkdé\"v\aé 4 94
Solution Batch 10:
Potentiostat: S RNNED)
Potentiostat ID: [5b%
Comments: O cp RN \’WS L C PP

& .
Sampe %U‘f\ trsnesgiom < 1 soc Ny PUE‘&‘ V“S
booble Yo complete
¥ Ran out vot P
e destr ) vexon Hs’v on Soporn ¥ BLIIAL-(0F 4

Test Performed by: | Amnoyporn Kelley Home Phone: 614-889-7980
Project Manager: Sean Brossia
Date end: Time end:

* Set a value such that the reversal current density is ImA/cm?;

QA APPROVED
NAME:_ Qduw

DATE:_8-72®

A-108
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Potentiodynamic/Potentiostatic Polarization
Test Information Form
Project Name: ARES Project#: 81170135
Test Type: CcpPP Date Start: i1 10%
Specimen ID: EL f1al - 108 TimeStart: | % (£ AM
. ocP: | FL 1AL -108 0P, mpr
Files:
Data Files cPP: |[FL 1AL - los_GEP, DIA
Solution: Puaposak Supesval Atmosphere: Ny Poyg \‘w%
Temperature: 50 °C Reference Electrode: sce \
initial pH: [ Final pH: A it
Starting Potential: | ~0.| Vvs. OCP Reversal Potential: {  Vvs.SCE
Scan Rate: 04% mV/s Final Potential: ®.1 _Vvs. OCP
Reverse Current . mA* Applied potential for potentiostatic test: V vs. SCE
e A 45* plied pot: rp i NA
Sample Length: %] cm Sample Diameter: CAX em
Sample Area: ArH  com?| | Sample initial weight: D:845 g
e N
ﬁ\saQom\c gulxska LpH 14 Teacka'angd R Y

Solution Batch ID: ’
Potentiostat: ocP (NP CPP . Bom g4
Potentiostat [D: 1 DR 146 3
Comments:

. Bl Ymyessiom

- OCP Kns 1§\

-cpf

B
Test Performed by: | Amnoyporn Kelley ) Home Phone: 614-889-7980
Project Manager: Sean Brossia
Date end: 7}11”0?') Time end: oo P -’Y)

* Set a value such that the reversal current density is 1mA/cm”;

A-109

(A APPROVED
NAME:_Clduw

DATE:__8-7-¢




RPP-RPT-37505, Rev. 0

Potentiodynamic/Potentiostatic Polarization
Test Information Form
Project Name: ARES Projecti#: 81170135
Test Type: CctP Date Start: | B/ A 0%
Specimen ID: gl 112k 1ol Yime Start: | 94700 a )
. - loce: TEZ19L -L06 _OCP. non.
Files:
Data Files cer. | EL 1k -lob CPT
_, duppenase
Solution: BP (05 WYX T Atmosphere: Na  Puwpt Vm&
Temperature: 50 ¢ _| Reference Electrode: _,SCE
Initial pH: Rl Final pH: A
Starting Potential: | ~Os| Vvs.OCP | | Reversal Potential: 2. { vvs.SCE
Scan Rate: 0.1% mV/s Final Potential: - O+l Vvs.OCP
Reverse Current 435 mA* Applied potential for potentiostatictest: | NA Vvs.SCE
Sample Length: 2. 1% cm Sample Diameter: Gk S cm
Sample Area: 4ty cm? Sample initial weight: 2.04% g
ap ton (Nixed %ueamo\g *tsaaw&vwe& ® AL
Solution Batch ID: . ?H T
Potentiostat: umps (oct) CPP C Gamsw )
Potentiostat ID: 16bL? Aox O
Comments.: e V R
~ Boll epaussion 5 Bo ¢y Na PU*%‘ hle
- OcP omch  CPP
Test Performed by: | Amnoyporn Kelley Home Phone: 614-889-7980
Project Manager: Sean Brossia :
Date end: BliS 6% ‘ Time end: 12: 60 P N

* Set a value such that the reversal current density is 1mA/cm?;

QA APPROVED
NAME:_CQawn
DATE:__ 828

A-110
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Potentiodynamic/Potentiostatic Polarization
Test Information Form
Project Name: ARES Project#: 81170135
Test Type: Ccrr Date Start: BlI5[0%
Specimen ID: FL gL - 07 Time Start: | H'00 A
las: - |loce: | ES ({9, -lo3 OCP. mpr
Data Files:
' cee: | £/ 1AL -0} _CPP_DIB
APIsC v
Solution: Vaposcide S pesvfidtmosphere: Ng Puoan‘%l
Temperature: 50 °c Reference Electrode: SCE
Initial pH: -0 Final pH: 2%
Starting Potential: |{~0.] Vvs. OCP Reversal Potential: ~ 18T vvs.SCE
Scan Rate: 0.1% mV/s | | Final Potential: " 1ed ves.oce
Reverse Current 4.3 mA* Applied potential for potentiostatic test: NA Vvs.SCE
Sample Length: 9.1% cm | | Sample Diameter: 048 _ cm
Sample Area: Al cm® || Sample initial weight: 3,519 g
A Mvaposale  Supervale ( Todkana 4 45

Solution Batch ID: PR ol Ne Naok L Ng Naf\Q xtH0
Potentiostat: OCF (Tave2 AL T
Potentiostat ID: 1548 1A%
Comments: .

-l tMweson

- OC®  omd CPP

= {\\; PU ¥9- A

AR
-50 ¢
Test Performed by: Amnbyporn Kelley Home Phone: 614-889-7980
| Project Manager: Sean Brossia

Date end: Blilis & Time end: Qlen M

* Set a value such that the reversal current density is 1mA/cm®;

QA APPROVED
NAME:__ctdur~
DATE:__8-72¢

A-111
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Potentiodynamic/Potentiostatic Polarization

Test Information Form

Project Name: ARES Project: 81170135
Test Type: vadl Date Start: 6 IF{o%
Specimen ID: gL 4l - \O% Time Start: 800 PM
i ocp: |gL 1l - 1o¥ OCP. mpr
Data Files:
e cPe: | FL 1AL-10% CPP- Orp
Solution: AN (0D Soped Ltmosphete: N2 \Q‘U‘%"'M
Temperature: B0 ¢ ' | Reference Electrode: SCE
Initial pH: 5. O4 Final pH: 3. 14
Starting Potential: | - O\ Vvs.OCP| | Reversal Potential: | Vvs.SCE
Scan Rate: 2,12 mVis Final Potential: -0/ | Vvs.OCP
Reverse Current Ao FH mA* Applied potential for potentlostatic test: Vvs. SCE
Sample Length: 2 1% cm | | Sample Diameter: G:48 cm
Sample Area: Ao}A _ om?’| | Sample initial weight: 2542
AW 06 5«)?6%% s T&acwm% EES

Solution Batch ID: PH T -+
Potentiostat: ocP (NIPD) CPP (Garmey )
Potentiostat ID: 154 LAOR -
Comments: 1) C-P \ % \MS

ALY St

T Quga v WarYeig

- s0C 0 N Pusgig

- Bl vewneno bl
Test Performed by: | Amnoyporn Kelley Home Phone: 614-889-7980
Project Manager: | Sean Brossia
Date end: “hlR]o% Time end: [&60 PN

* Set a value such that the reversal current density is 1mA/cm’;

Y %
Nb ConS I ’\B‘sns“«u(‘.\'

QA APPROVED

NAME: _C8dau

DATE:

A-112

Q-70%




RPP-RPT-37505, Rev. 0

Potentiodynamic/Potentiostatic Polarization

Test Information Form

Project Name: ARES Project#: . 81170135

Test Type: [GAkd Date Start: | D/9%[0%
_Specimen ID: ELial - 109 Time Start: | (4100 PV

as: OCP: |Z1 1AL -109_OPP. ™MPR ‘
Data Files:
arahes cPP: L 114l -103_CPP . OTA

Solution: =\ fot Atmosphere: Ng
Temperature: 50 °C Reference Electrode: SCE

Initial pH: {220 Final pH: 350

A DSOS
Starting Potential: | -+ vvs.OCP Reversal Potential: @ Vvs.SCE
Scan Rate: 2.1 mVis Final Potential: 4.0 Vvs. OCP
Reverse Current 4.3 mA* Applied potential for potentiostatic test: V vs. SCE
Sample Length: .14 cm Sample Diameter: G.A% cm
Sample Area: At cm® || Sample initial weight: 3,599 g
By L) pH B * ‘)Tsacux‘/\/\ok A A%

Solution Batch ID:

Potentiostat: ocP ¢ DMPs ) CPP (Gamsn )

Potentiostat ID: 1563 JA0% v

Comments: -ocP 1% ngs

-cpP
- ‘A
sk soa Ny pusg™ ™|
-l Ymmestio

Test Performed by: | Amnoyporn Kelley Home Phone: 614-889-7980
Project Manager: Sean Brossia

Date end: 5199[0% Time end: |&.00 PN

No €] msoo(ML'

* Set a value such that the reversal current density is 1mA/cm?;

QA APPROVED

NAME:_c2duwn

DATE:__8-2-2¢

A-113
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Potentiodynamic/Potentiostatic Polarization
Test Information Form

Project Name: ARES Projecti: 81170135

Test Type: cpP Date Start: | B/d9/0%

Specimen ID: L natl -ffo Time Start: | H-00 4"

. ocP: | FL1ab-1ie OcCP. mer
Files:

Data Files cPP. |EL 1AL 1l CFP. DR

Solution: AN 16l - ¢csL T Atmosphere: Ny ®usqrang

Temperature: Ho0 °C Reference Electrode: SCE °

Initial pH: i, %5 Final pH: ‘ d-1p

Starting Potential: | -0+ Vvs. OCP | | Reversal Potential: {0 Vyvs SCE

Scan Rate: 0\t mvis Flnal Potential: ~0.{ Vvs. OCP

Reverse Current Aot mA* Applied potential for potentiostatictest: | X& Vvs. SCE

Sample Length: 3:{*  cm| | Sample Diameter: OA% om

Sample Area: A%y cm?| | Sample initial weight: 3. 4325 ¢
_ AY 1ot -CSL '\\KO-ClLCMog £ A9
Solution Batch ID: . P - TRV
, Potentiostat: ocP (NnP3) CPP (Gamr)
| Potentiostat ID: B3 tAOY o

Comments: _ocP L8 \(\“& .

- CP?
-l imwestiov
"8RS e \ud
- Ny Usain Utiown
o\ _

Test Performed by: | Amnoyporn Kelley Home Phone: 614-889-7980

Project Manager: Sean Brossia

Date end: 5]300C% Time end: (A 0oty

* Set a value such that the reversal current density is 1mA/cm®;

QA APPROVED
NAME: coelew

DATE 8222 —

A-114
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Potentiodynamic/Potentiostatic Polarization

Test Information Form

Project Name: ARES Projecti#: 81170135
Test Type: CPP Date Start: Liti]oy
Specimen ID: EL 1 -1 , Time Start: Alee pln
e oce: | £L {iab -1l 0€P. mpY
Data Files: CPP. |[EL 1\AL 11 CPP, pra
Solution: Y lot - €8L Atmosphere: s Rusga
Temperature: 50 °C Reference Electrode: SCE
Initial pH: #: 34 Final pH: .90
Starting Potential: | — (:{ Vvs.OCP | | Reversal Potential: {.0 vvs.SCE
Scan Rate: 0o 1% mVis Final Potential: -0} Vvs.0OCP
Reverse Current 4.3 mA* Applied potential for potentiostatictest: | NA Vvs. SCE
Sample Length: 2.1%  em] { Sample Diameter: 8.,A%  cm
Sample Area: 4.3 cm® |- | Sample initial weight: 2.61% g
Y lol- €81 P H R3

Solution Batch ID: Toac 4 An ‘3 # loo
Potentiostat: CCP ym?P3 CPP  BamsA
Potentiostat ID: isb3 J40% ~
Comments:

- OcP &os 18 e,

- ¢PP o .

. } 59051 CoUPoN

. B0 b3 50O O ix)

- (N Pusa&\‘v\@

-~ Ul tmmesmon
Test Performed by: | Amnoyporn Kelley Home Phone: 614-889-7980
Project Manager: Sean Brossia . -
Date end: L3R Time end: {d:00 £M.

* Set a value such that the reversal current density is 1mA/cm*;

A-115

QA APPROVED
NAME:_@dwn
DATE;__8-1~e




RPP-RPT-37505, Rev. 0

Potentiodynamic/Potentiostatic Polarization

Test Information Form

Project Name: ARES Projecté: 81170135
Test Type: CcPyY Date Start: o1 0%
Specimen ID: FL nai - (14 Time Start: | $11/0¥
. OocP: |EL11db- (i3 oCcP. bie
D Files:
ata Files cPp: [FL WAL 14 CPp. OT®
Solution: A 0{- C8¢ | Atmosphere: Ny Pusang
Temperature: Ao °C Reference Electrode: SCE .
Initial pH: 18, %4 Final pH: 1490
Starting Potential: | - ©.] Vvs. OCP | | Reversal Potential: 1 Vvs.SCE
Scan Rate: 0:17 mVis Final Potential: -0:{ Vvs.OCP
Reverse Current A3 mA* Applied potential for potentiostatictest: | (WA Vvs. SCE
Sample Length: 2: (7 cm Sample Diameter: @ . A% cem
Sample Area: A%l cm?| | sample initial welght: .58 g
Ay Lo\ - CsL Toockeneg 4 103, P& 9. 84
Solution Batch ID:
Potentiostat: OCP  Camay CPP Gamsq
Potentiostat ID: TAo% l408
Comments: & Wes., O thewn PP
- N} ?Uﬁ%’\"v\&b
- W {mmession
Test Performed by: | Amnoypomn Kelley Home Phone: 614-889-7980
Project Manager: Sean Brossia
Date end: Flaloy Time end: oo

* Set a value such that the reversal current density is 1mA/cm?;

cou?om

vt arvwd

A-116

QA APPROVED

NAME:_Qluser

DATE:

B-p-ot




RPP-RPT-37505, Rev. 0

Potentiodynamic/Potentiostatic Polarization
Test Information Form
Project Name: ARES Project#: 81170135
Test Type: CPY Date Start: | 114210%
Specimen ID: ELab- 1> Time Start: | (0100 A
oo ocp: [EL (AL-112  GCP. mpr
Data Files:
cPP: |FtL 1WL-1D EFP . bTH
A 7520%
Solution: Hi0i-L Atmosphere: @?"‘*‘*9“9' A
Temperature: Roo 92 p> | Reference Electrode: SCE
Initial pH: .88 ’ Finaf pH: 11.4%
Starting Potential: | -0l Vvs.OCP| [ Reversal Potential: l-&  Vvs SCE
Scan Rate: @1+  mvis| [Final Potential: ~©.\  Vvs.OCP
Applied potential for potentiostatic
Reverse Current A3 mA* | | test: Vvs. SCE
Sample Length: %1% cm Sample Diameter: GI’A-?’ =
Sample Area: A3 cm? Sample initial/final weight: 3.928g g
_ A {of- cSL # {0 PH 1%
Solution Batch ID:
Potentiostat: NP2 ( &efd cpP Gams ‘i\‘
Potentiostat ID: (Sv% Ao
Comments: .
- -ocP &ou S Wes - Reom Tempenatu pe

- CYP

- N 3 @0 t%t

- Pol ; TMIMes S0 A
Test Performed by: Home Phone:
Project Manager: Sean Brossia
Date end: “‘Hrujcy Time end: {800 M

Ca'().?o m W ‘T Coﬁwdi;

* Set a value such that the reversal current density is ImA/em?;

A-117

QA APPROVED
NAME:__Qetur

DATE:__8-7=8




RPP-RPT-37505, Rev. 0

Potentiodynamic/Potentiostatic Polarization

Test Information Form

Project Name: ARES Project#: 81170135
Test Type: cry Date Start: FAENX
‘Specimen ID: 2L 19t - A Time Start: EATEYD
oCP: |EL 1Ab—- 4. mpr. Ocp
Data Files:
e CPP: |EL 189L- (14 CPP_DAT
Solution: 101 - ¢5 L +¥9 Atmosphere: Ng
Temperature: 50  °C Reference Electrode: SCE
tnitial pH: 1. 24 Final pH: IE8CY)
Starting Potential: ~¢.1 Vvs. OCP Reversal Potential: }.0 Vyvs.SCE
Scan Rate: 0. 1% mvis Final Potential: - Ol Vvs. OCP
Applied potential for potentiostatic
Revarse Current 4:2b mA| | test: V vs. SCE
Sample Length: XL Sample Diameter; 0-4% cm
Sample Area: Aol  com? Sample initialffinal weight: g g
AY 161 - csh # oo _
Solution Batch ID: OA‘SUQ,{-\‘Mg ?H &mm ned 4o 14.90 Peﬁ Q)c V\j )
Potentiostat: oce (vmea ) CPP T Coamry )
Potentiostat ID: 159 TA0S hd
Comments: Qea solvitoar  AY A~ CSL PR 1.3y

-1 50 °%¢

. OCP 601) 18 W

- CPP

~ FUll immessioan

- Na %J%ql"‘/\a\
v S

Test Performed by: | No{ Vndlej Home Phone: 3 - TARD
Project Manager: | Sean Brossia : '
Date end: 0% Time end: lo0 2 N

* Set a value such that the reversal current density is ImA/cm®;

- QA APPROVED

NAME:

DATE:

CRrAum

H~7-0%

A-118
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Potentiodynamic/Potentiostatic Polarization

Test Information Form

Project Name: ARES Projecti#: 81170135
Test Type: ctt Date Start: [Alos
Specimen ID: gL ilab-us P Time Start: 1s:00 oM
Data Files: ocP: [ BL 1AL - US »D P AL ¥IS(o%
CPP: B/ 1Al .|k CPP. DAT
Solution; ¥ {01 - ¢SL | Atmosphere: Na
Temperature: 50 °C Reference Electrode: 4 SCE
Initial pH: 230 Final pH: 1. 40
Starting Potential: | -© -1 Vvs.OCP | [ Reversal Potential: ie0 Vvs.SCE
Scan Rate: T mVis | | Final Potential: ~o-{ Vvs.OCP
Applied potential for potentiostatic ,
Reverse Current ActL  mat| [test Vvs. SCE
Sample Length: 3, 1T om Sample Diameter: _ OA% om
Sample Area: A}, cm®| | Sample initialffinal weight: 3.589 g/ _ g
&Y fot- csL pH 1230 # 0%
Solution Batch ID:
ap (Gamey)

Potentiostat: OCF ( Gamy [A0R) A0x Y
Poteritiostat ID: Uor -
Comments: Qg zolpbon AY OL- CsL pH (4.20 T‘mckmw& ENIAY

~ Ny pue X e

- 50%c

- FuU  (mMmessionm

- ot los 8 hee

-ceP afhy  OCP
Y

Test Performed by: | Nox| 9] <Y Home Phone: %9 -1ago
Project Manager: Sean Brossia -
Date end: €I810% Time end: 13:00 P v

* Set a value such that the reversal current density is ImA/cm®;

Q(;m,f\,( Owad a&i\%w CPP

NAME:

QA APPROVED

CR ousn

DATE:

- 7-0
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Slow Strain Rate

Work Request/Test Information Form

740 S4¢ 77y

Person Performing Test: a0 ERS T Home Phone:
%"Fﬁalga?édsh C qv st t - Project Name: AR £S5 Jooy
¢ —— ¢P W — R - .
Stait Btertmey 1207 9 :(S” Fa(as"ll'&i:e‘}nge); ~$0T QS projectNumber_ S 2002 Y
_ TEST PARAMETERS .
aterat 1 ART 256rade S tens H36-~47 SSR System #: L
Material ID#: {196 ExtensionRate: /1= & iisec  RPM: ava
Sample X% (194 - 4 Strain Rate; 1 -6 sect
: DATA ACQUISITION
Data File Name: } { q b = L/ 7.9 /} 7 Strip Chart Scale: - Data Acquisition Computer #: 3
Data Channels: [ +2 Strip Chart Speed: — LVOT or Dial Gage I0#,__/ &,
SAMPLE ENVIRONMENT

Test Solution:, /} AJ )O 7 Gas: S ‘e Reference Electrode:, S C E
Initial pH: } / Temperature: §6 o C Free Corosion Polenﬁal:*jl S mv
Final pH: /0,20 Pressure:_. ™~ Jdo N Applied Potential:___ 72 mv

witial SPECIMEN DIMENSIONS Final
Overall Length: g0 in. Measurement Device:_CALEZPERS  oueraniength: in.
Gage Mark Length: g 19 in. DevicelD# 1497 Gage Mark Distance: 2.03% in.
Gage Diameter; 6.125%5 in. Gage Diameter: » O XJ n.

Cross Sectionat Area. D [Q.3 7 { in2

Machined Gage Length:_/ .00 O in.

Cross Sectionai Area:_s 005 (S Sin?

RESULTS & CALCULATIONS 9
Pre-L.oad: ? 5 Ibs. Max. Load tbs. Time to Failure: é Q & __hs.
Elongation =038~ L ¥4 in. Reductionin Area:,01237/~,0051531a?  TimetoFaire: 2 2(o YOS e
wengaons — 2 GG Y o0 9 G s A (0072(8) o cg3y
Machinad Gage Length ([[000 ) tniial Cross Secton Acea { .O{237/ )
UTS = Max. Load _t ? 7 5) ) _ Z QOSG psi 7?0\506;)5;.,(5_595,( 10°-545.09 wes

nitial Cross Section Area _(,0l237/ )

CRACKING
Visual: Crack Mode:
Low Power (30X): Max. Crack Depth:_ mm
Metallographic: Crack Velocity: : mm/sec

Comments: 1 00 \.(\/ RCSYI. gTUF

PSTaER090  TestiulleF 12L0 TC 1532

2 : ‘
Project Leader’s Signature: e: ( / ?—r 8

QA 009-SSR Specimens, Tests, & Evaly,
Revision 2

: \

AME:_(dun >

Approved: September 2004

Page 11

DATE:

Written By: J. Gerst & C. Durr

{-72-0%

A-120



RPP-RPT-37505, Rev. 0

Test Sheet Addendum

Test # !Iﬁ(g ~ ‘( 7 Readings
Sample # CR HQ(‘;‘W g
)

Filar Eye Piece CCT # 0224
——
Magnification 30 ¥ Avg
inches/graduation « 00 ( Reading, * inches/ = Final Diameter,
graduations graduation in.
gl ,60] O&(

(9:, .

Comments

A-121
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) Slow Strain Rate
Work Request/Test Information Form

Person Performing Test; Jo& EEQST - Home Phone:__ 2 Y01 SYS 779>
(l:%zards Cav SQILI < Project Name: A RES 2007
Start (oatemme) 207 g5 ;.-(..3, (Datelee) [IF§-07 7365 ProjectNumber_E1{2013 Y
TEST PARAMETERS
materia. AART (2L Guade B 1oqw. 1136-Y¢ SSRSystem#___ o
Material ID#: 1 [ GL(’ Extension Rate: [ FE- & insec  RPM: /7 f .
Sample #: &SR 1196 - 44 Strain Rate; JE ~C sec?
’ DATA ACQUISITION
Data Fite Name: [ {36 ~48 DAY Strip Chart Scale: — - Data Acquisition Computer #_n 3
Data Channels: [5+ 16 Strip Chart Speed: — LVDT or Dial Gage lo#__ /Y
SAMPLE ENVIRONMENT
Test Soluﬂon:j M L0 7 Gas: Noa @ Reference Electrode: SCF
Initial pH:, / l Temperature:, 50 N < Free Corrosion Potential:__ 9\?(0 mv
Final pH: 10.¥¢ " Presswre:_. Roo~ Applied Potential: —76 3 mv
Initial SPECIMEN DIMENSIONS Finat
Overall Length: q.0 in. Measurement Device: _cALTeelR S Overall Length: in.
Gage Mark Length: 1.7 in, DevicelD# 1493 Gage Mark Distance:_Z¢7 { { /r??7 in.
Gage Diameter: . M N2 ojq, 00 Gage Diameter: 19, YO
Cross Sectional Area:y 0 12470 in2 Machined Gage Length:_éi N Cross Sectional Area: 00 Y 902 in?
RESULTS & CALCULATIONS ’ P
Pre-Load: / S bs. Max. Load 7é 9 Ibs. Time to Failure: 6 /< hrs.

Eongaion =/ 937 ~122 2L Reduction in Areg; JIR 470 -.00900 2  TimetoFaikwe: A 2/ &Y 9 sec.

Eoromin =( ”lzs)x100= Qﬂ\«g—% %Reduction = Rodueton Area (/007§ x100= 60,69 %

% Elongation =
Machined Gage Length  { /I ooc) Initial Ccoss Section Area (r@’ 9\773

v Max. Load L 9(99) =77028/ pei 7707X/ pd_,‘e_agsno“g&r»??wa

tndia! Cross Section Area (10[2‘{10 )

o CRACKING
“Visual: j\). ) Crack Mode:
Low Power (30X): (:) Max. Crack Depth: mm
Metallographic: Crack Velocity:, mm/sec

Comments_LQO -/l/ /QQSUTO/L
DSTAT & 2098 Teodwller /27 TC # i5sf
o . ADPROVED

HCE AN Y | 5""“;‘6: (/'Z/%

/

Project Leader’s Signature: )
: NAME:_¢2dumw A

QA 009-SSR Specimens, Tesls, & Evalua) pproved: September 2004

Revision 2 Page 11 DATE j-7-08 Written By: J. Gerst & C. Durr
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Test# e -4y
Sample # SSR H9e ~ 4%

Filar Eye Piece CCT #0224

Magnification Ao
inches/graduation .00 (
Comments

Test Sheet Addendum

Readings
94
SO
Avg.
Reading, . inches/
graduations graduation
C
‘o777 50|

A-123

= Final Diameter,
in.

679
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» Slow Strain Rate
Work Request/Test Information Form

Y0 S ve 2797

Person Performing Test___ J0E G fR<T v Home Phone:,
C ) UST C_ Project Name:
Faﬁgmefmg ¥ 1& (Datef%; TES07 7S project Nomber:
TEST PARAMETERS
Materiat AART (2% Geade BB Test#; 118 (o~ 49 SSR System #: <O
Material 10#: __/ ! q G Extension Rate: / A in'sec RPM: / 7 ¢
Sample#".SiLN 7 - 49 Strain Rate: [E-6 s
' DATA ACQUISITION
Data Fite Name:_((£6- 42O 8 T suip Chart Scale: e Data Acquisition Computer #:
Data Channels___ 1+ 1S5 Strip Chart Speed: — LVOT or Dial Gage It S <O
SAMPLE ENVIRONMENT ’ )
Test SOM!O“M e l Gas: Ne ~7° Referenée Elecuode:_ic—f__
fnitial pH:, [ / Temperature: S0 % Free Corrosion Potential: ‘2772 mV
Final pH: 10. 8% Pressure: . [X 0O Appiied Potentat_— 77O mv
nitial i SPECIMEN DIMENSIONS Final
Overa Length: g ) in.  Measurement Device:__ (A1 3P RS Overall Length: 8 2. in.
Goge Mark Lengtn___ 1, 40§ Device ID #: 1497 Gage Mark Distance: OZ 02/(
Gage Diameter. 0. \28 in. GageDiameter____ - O L7 _in.

Cross Sectional Arear_, O [2Y 7 Hin?  Machined Gage Length: 090 in  ¢ross Sectional Area: s 00 165 2 in?

RESULTS & CALCULATIONS
Pre-Load: 75 Ibs. Max. Load lbs. Time to Failure: C / (3 / 3 hrs.

y N 8%E
Ebﬂga&ﬂzl /éaﬂ& in. Reduction in Area: 21 2{ 76 ~, 004L € 7in? Time to Failure: 0120 050 sec.
% Elongation = Eongaton =(’”2(3 )x100= 2/« S %  %Reduction = Reduction ' bee (08781 3) x100=626 5

Mactined Gaga Length ([ .00 Q) Intal Cross Section Aea (, D1 2470 )

UuTS= Max Lo = { ?éj ) = 779‘27 psi 772‘2 7p&')<&895x W= SEQ'YXMPB

fndial Cross Section Area (,011([7 o)

CRACKING
Visual: Crack Mode:
Low Power (30X)._. Max. Crack Depth: mm
Metallographic: ) Crack Velocity: mm/sec

eomments:J\. {OO K'QXISTO,»
PsTAT # 211G Tcmfro%ﬁfslg TC /szsf

Date: l

/)
NAM El_CQdun Approved: September 2004
Written By: J. Gerst & C. Durr

Project Leader’s Signature: !
QA 009-SSR Specimens, Tests, & Evaluation

Revision 2 . Page 11 DATE. /-7-09
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Test Sheet Addendum

Test # i l (?(0 = q/i Readings
Sample # §‘5K Hﬂ—ﬂq 7

Filar Eye Piece CCT #0224 {
-Magnificatlon 30K Avg.
inches/graduation 00 ( Reading, * inches/ = Final Diameter,

graduations graduation

77 , 00 | L0727

(97.

Comments
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Slow Strain Rate
Work Request/Test Information Form

Person Performing Test, jOQ G EJ‘ST Home Phone: l[O{-(ff 77v7
ol Hanarg: Cavstic Project Name:_ AR ES A00 7

' 'Aéate/'rme)“__/ 2607 230 Fnlsh?aateﬂhae) [l 11)-07 Project Number: é)// 70139

TEST PARAMETERS
Mmateria: AORT (X Gode Bt 196 -50 SSR System #: G
Material 1D#: 1196 Extension Rate;___ [ £~ 6 ivsec RPM: (7Y
Sample #: SSP\ ”qé\ks_o Strain Rate; /Fxé sec’
| DATA ACQUISITION
Data File Name: // gLS 0 DA 7_ Strip Chart Scale: (-' Data Acquisition Compu(er#._L_
Data Charneis:_ ) + J;k Strip Chart Speed;__ ~——— "~ LVDT or Dial Gauge ot 530
;v
1eac kia % SAMPLE ENVIRONMENT
" Test Solution: 9{05— PSC Gas: Me~e Reference Etectrode:__—> I~
Initial DH.L 4 Temperature__ S ) °C Free Corrosion Potential: :% mv
Final pH: [3.772 Pressure,____11.00 A Applied Potential; D
[oitial SPECIMEN DIMENSIONS 4 Final
0 i Length: 3/ C) in. Measurement Device: C‘“ ffgfl_ Overall Length; 5/1 1{
GaugeMarkLengtn:_ (¢ & & [  in, DevicelD#: 1447 Gauge Mirk Distance; Te C"""’de
Gauge Diameter__¢ ;2 55 / 0 . Gauge grameter_tﬂ_"'t_e““_""%
Cross Sectional Area; 7 m,z Machined Gauge Length'_‘o“’_ . Cross Secﬂonal Area,_—  — in?
| — RESULTS & CALCULATIONS o .
Pre-Load: 75 bs. - Max Load ?éf— bs. Time to Fallure; t”fg%/
Elongation = . (S8 n ReductioninAra___——_in?  TimetoFaiwe. 44670 sec.
o Elongston = o ( {66/ ) x100= [5, ¢ XRedekes mmuv:ms;A:am ( (’—:' ‘)) xi0= ) —*

Machinad Gage Length ( foo) )

et IS5 29100 0 T e e 4h e

" mitel Gruss Secion Area (4@[237/)

“Visual;

. CRACKING
no : ' Crack Mode:,
y £ S ' Max. CrackDepth:_____ ~_ mm
( CrackVelocity:: - mm/sec

Low Power (30X):;
Metallographic:

Commants;_J66 'L QegisTop PSTAT /s /@gz‘/a//er (328 T [53%

UA APPROVED_ 72,

Projoct Leadet’s Signature:

> Approved: Aprit 2006
SSR Specimens, ;ﬁts RANE T Da!ep‘,epared BQ‘E‘,‘ Scott

QA 009

R - : DATE: _¢=2-08
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Test Sheet Addendum
Test # EI%“SO Readings &ed_ re
N 1o ¢V
Sample # SSR136~SO /oo w,\/ e ~
Filar Eye Piece  CCT # 0224 ! Lo
Magnification IO K Avg.
inches/graduation 00 l Reading, *  iInches/ = Final Diameter,
graduations graduation in.
0 :
Comments
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Slow Strain Rate

Work Request/Test Information Form

=
Person Performing Test: -—-&5 € é€)§ -(\ Home Phone: 7 ({O S_CIS) 77(’ 7
i l\:ljlamrds CavsT, e C Project Name: A fLES Jo007
IV
t (Dal terF’me) 23 790 %’%&%rr%lw 27 F00  projectNumber_ 8L { DIy
. TEST PARAMETERS
Materiat_APRT 138 Crade B vears 126~ SSR System #: ok
Material 1D#: / / f b Extension Rate: [ ﬁ ~6 infsec  RPM: CO ? L/
sample #:._SS R 1186 =5/ Strain Rate; [E-6  sec
DATA ACQUISITION
Data File Name: / } 9(9 "5 ( ‘ j) /')‘T Strip Chart Scale: Data Acquisition Computer#__ — 3
Data Channels: 5 t/6 Strip Chart Speed.____~ LVDT or Diai Gage ot 439
Track i”f By SAMPLE ENVIRONMENT ‘ £
Test Solution: H P / 08 F sC Gas: /"/ o€ Reference Electrode: '-5 -
initial pH: /3. a Temperature:; SO Free Corrosion Potenﬁakﬂ mv
Final pH: [3.77 Pressue_. /2 650 e Applied Potential: mv
Initial SPECIMEN DIMENSION§ Final
Overall Length:___ 81 O in, Measurement Devico:__C.A [ PO/ [ pers Overall Length:___ 8+ & in.
Gage Mark Length: / \ (o S é . DevicelD#% / lzlg 7 Gage Mark Distance: / LA 2 in.
Gage Diameter: @ I a g in. Gage Diameter: = 07 5) in.
Cross Sectional Area:, 0 {220 3 in2 Machined Gage Lengm:_ﬂ_ M. Cross Sectional Area:_+ 00 477 7
. RESULTS & CALCULATIONS
Pre-Load: 7 .5' 1bs. Max. Load 12/ CL fos. Time to Failure:, é 2: 0 G tus.
Eiongation =/ SV 1 ~1: 638 'y Reductonin Avea S1ART3 50047 7% Timeto Faiwe._AZS 4 | i sec.
o Etongation RP 209 0. _ Padusionn Area (.00149Y ) _¢L06
% Efongation = o o o ({ odu) x100= & ‘} U 1 % %Reducton= oo s (,0(L?.73)X100— %
urs = Hox toxd = ( ?gi ) = 2500!5— psi XOOiTNXS.BSwa”:SSI\?/MDa
Initist Cross Secton area (.0 (227 3)
CRACKING
Visual: Crack Mode:
Ltow Power (30X): #-( S Max. Crack Depth: mm
Metallographic: Crack Velocity: mm/sec
—— —
comments: | TeovTioller ¥(32s TC j52¢

Project Leader's Signature:

M- NAME: (.0 um

Datg: [

QA 009-SSR Specimens, Tests, & Evaluation

Revision 2 Page 11

DATE:

T-
Approved: September 2004

Written By: J. Gerst & C. Durr

(*')’Oﬁ
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Test Sheet Addendum

Test # "(%Q S Readings
Sample # YWY, va's
Filar Eye Piece CCT # 0224 0
Magnification 3o X Avg, )
inches/graduation 00 ( Reading, * inches/ = Final Diameter,
- graduations graduation in.
78 00 L 07¢

(97 .

Comments
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Slow Strain Rate
Work Request/Test Information Form

Person Performing Test: T%C Cserj'\} Home Phone:_2 Y0 S 7747

ecial bazards: Caoslie Project Name:, =H A/(ES 2007
@G?Eae%mw;)zlg%)%? HAUS  Finish QateMimey 4213 €1 O project Number_ & 2013 ¥

. TEST PARAMETERS /Z
Materiat: FART 128 Grrde R testsr. /94 ~S A SSR System #: .
Material i0#: ___ /(% Extension Rate,___J /= ~& _in/sec  RPM: 174
sample #: SSR (9~ Strain Rate: [ E-G e
DATA ACQUISITION -
. Data Fite Name:, / / ? G LD 4 T Strip Chart Scale: D Data Acquisition Computer #: 3
Data Channels: / if (G 'Strip Chart Speed: M — LVDT or Diat Gage 1D¥: 3
Teackinvs - cg SAMPLE ENVIRONMENT
TestSolution:BP 10‘5 Psc' Gas: 4/0 ~J P Reference Electrode: S CE
tnitial pH: } 3 O 9\ Temperature: é‘a ° Q— Free Corrosion Potenﬁatho,zg i mv
Finaf pH: 132 § Pressure;_ oo it Applied Potential:__—____————mV
nitial SPECIMEN DIMENSIONS Final
Overall Length; €. 0 in. Measurement pevice: C. leper Overall Length: I IRS in.
Gage Mark Length: /:C, Zg/ in, DeviceID#: 149 1 ) Gage Mark Distance:_ [e f ([ ‘[ in.
Gage Diameter: ‘ { J* s in. Gage Diameter:. & 7 [ in.
Cross Sectional Avear + QAT 3oz  Machined Gage Lengt_{ . OOC) _in, Cross Sectional Acea: 00 0452 3 in?
] RESULTS & CALCULATIONS
Pre-Load:, 7 S— tbs. MaxALoadJ 7 7 tbs. Time to Failure: é / ¢ 2‘ \/__ ws.
Elongation = {8 YY <[, 62% 4, Reduction in Area: 012273 ~, 004574, 2 Time to Faiwe, A AD 1o S sec.
0 Elongation = Etangation =(,2 [ (7 )x100= ;['(o " "Reducson = Reduction in Area (00727130 x100=é‘3‘03%
Machived Gage Lengte  { /.000 ) Inkiaf Cross Section Area (, 02213 )

mee e G2V 20€ L THOE s oo 549 D0

Inttia Cross Section Area -(,017_7_‘23 )

CRACKING
Visual:, /\j o Crack Mode:
Low Power (30X): Max. Crack Depth: mm
Metallographic: Crack Velocity: m/sec

comments: 1 CoTroller (803 T (524

ya)] ~
7~ % -
Project Leader’s Signature: (K’\, - ate: / ? X

&V 77[
QA 009-SSR Specimens, Tests, & Evaluati : ed: September 2004
Revision2 o Tests & Evaluaton Page 11 NAME: _Clotue W:gg:ao;y: ) Gort 8.C. Dure
DATE: 70
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Test Sheet Addendum
Test # [ { 9(9 -5 Readings
Sample # SSR l(j&fSZ O
Fllar Eye Plece  CCT #0224 )
Magnification ;O 4 Avg
inches/graduation o5 { Reading, * inches/ = Final Diameter,
graduations graduation in.
706 00 { O 26

(9,_).

Comments
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Slow Strain Rate
. Work Request/Test Information Form
PersonPerfonnhgTw Toe Geest Home Phone: 2 YO 4§ 7747
fﬁi C/Q‘) sTLL Project Name: =H A/(ES 2007
gtaj! (Datertine)/2-10-07 1S Fnisn (DaterTimey 1213 §:00  project Number._ &/ 2013 ¥
TEST PARAMETERS
materiat A ART 128 Grade R teas: /1446 ~53 SSR System #; %
Material ID#: / [ & Extension Rate; 6 misec RPM: [ 7 L/
Sample#".SSK 3G~ Strain Rate: /E -G sec™
3 DATA ACQUISITION
. Data Fite Name:_// 574"5?@% DAT Strip Chart Scale; D Data Acquisition Computer #___/ /
Data Channels: 9+i5 " Strip Chart Speed: LVDT or Dial Gage ID#:
Tiack: &S &% SAMPLE ENVIRONMENT
Test solation: ) P [0S P C Gas: 410 ~ € Reforence Elecrode,_ S C =
initiat pH: / 3 02 Temperature: «5@ < Free Corrosion Potential: “— é i mv
Final pH; I13.7¢ Pressure;_.. Roo Applied Potentiat: O mv
Initial SPECIMEN DIMENSIONS Final
Overall Lengtix: 6) Qo . Measurement DeV‘CG‘-QL’L‘fﬁ[L_ Overall Length: F.R .
Gage Mark Length:_| « Z& Device0#__ /G 77 Gage Mark Distance:__, 300 __ia.
Gage Diameter: 1 A 5 n.’ Gage Diameter: .0 95 in.

Cross Sectional Area;_, 0 {22 7 5 in? Machined Gage Length: [.000 i Cross Sectional Area s O0TOE ] _in?

RESULTS & CALCULATIONS

Pre-Load; 75 R i A fos.  Timeto Failure: 47 Z}/ tws.
Ebngaﬁom/e_qov -l220 Reduction in Area:0{ 2273-,007051 in? Timeto Faiwe,_ ] 2227 Y sec.
% Elongation = Ehorgatien = (/ g 0 )x100= [s/: 0 % SiReduction = it 1 Mres (,005(84) x100—q1 (2"

Machined Gage Leng ({000 ) nkiat Cross Section Arsa (,0(2-2.7 %)

orse Max. Load _ (973 ) 71292 o 4252 psa_xesssxw%ﬂ‘_é.%ﬁ

toitial Cross Section Acea (O[3 )

" CRACKING
Visual:, (4 5‘ i " Crack Mode:
Low Power (30X)._ ifs Max. Crack Depth: mm
Metallographic: Crack Velocity: mm/sec
. — pe — 7 4o~
Comments: JOO JV kesi;TOK fﬁ/{‘/ Alls IQOU—[/‘[{f-f‘ [325 LC (53¢
- N
Project Leader’'s Signature:, \ s . o~ Date:
QA 009-SSR Specimens, Tests, & Eva!uahon NAM E C@_d.uw» Approved: September 2004
Revision 2 Page 11 Written By: J. Gerst & C. Durr
DATE: _¢=z-es
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Test Sheet Addendum
Test # ) ML ~53 Readings
Sample # <SR 46-S3 100
Filar Eye Piece  CCT #0224 £y
Magnification o ¥ Avg
inches/graduation 0O ( Reading, * inches/ = Final Diameter,
graduations graduation in.
95 o0l 0¢S
Comments
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Slow Strain Rate

Work Request/Test Information Form.

Person Performing Test; jo‘e C9C rs f‘

e

Project Name: 8)//?0,35

Overall Length;, 5/ 1.®) in  Measurement Deviee:OA[ ‘ /‘5_ s 0
GaugeMarkLength [.70% vevicet__ 1997
Gauge Diamete;_ O+ [AY S 4 '

Cross Sectional Area s 012425 42

Madined Gaelangi. / :000. o

/§p'elc|a!Hazaf7$Q_ﬁ ug T (E
3 7oat§rune),3 [0 /230 ed PERS 2y 05 715 Project Number:
. TEST PARAMETERS /
Materiat AART (2§ Grade B Testt. /2% 6-S¢ SSR System #:
Material ID# / /((' 6 Extension Rate:__/ ([ ~ 6 infsec  RPM: LY
sample#: SR 0o~ S spanrate. 1 E-6© _ goe
= DATA ACQUISITION
Data Fite Name:_ /165 DA Strip Chart Scale: — Data Acquisition Computer #._Eﬁ
Data Channels:_/ ?[ Z, Strip Chart Speed:; LVDT or Diat Gauge ID#:
- ’ ) SAMPLE ENVIRONMENT
Test Solution: AP /05— Gas: No€ Referenerledmde:___‘.S_CE—
Initial pH: /2.3% Temperatuce: .5 O °C_ Free Comosion Potential L ¥ 7 mv
--Final pH; l 3 i (O Pressure: J1 .0 Applied Potential:___g_'{L_ mV
Inttial SPECIMEN DIMENSIONS Final.
Overall Length: ¥ 2 ia.

Gauge Mark Distance:_”ﬁi*_'_‘_i(i in.

Gauge Diameterjgﬂ_j_ roded
Cross Sectional M'Min.’

R!_ESULTS CALCULATI,OI!ASN ) Bl :
Pre-Load: Z 5_ lbs. - Max Load ke { he  ThewFaue <2 3,78 ts.
Elongation = L& in, Reduction in Area;, ¢ 2 Time to Faiure: /?36063 sec.
' - 2 ?
e — Elongation /8’ ) . V-, S L ( = ) o T
Machined Gage Length ( 1000, Inttial Cross Seckin Arsa («O(2I75 )
e IS 91y 281y 5386
UTS: itial Cross Section Area ~(,0f7_-|75 ) gll 5/ pe pt"h‘s.ags WJ'M%B
CRACKING
Visual; cor "90{64 . Crack Mode:
Low Power (30X); Max. Grack Depth: mm
Metallographic: Crack Velogity: - mmisec
Conments: 108\ ResidTor.  PS 7/~) T”D’O?O Tesdlin [/W‘#/'geo T¢ F54y
Srwge& X oN {-,uOL of <uerxmg T HAA."‘ wf/( EQ To £
. ~ lalaltalallde z
Project Leader’s Signature: ‘;ﬂ/ # }{ i Hr U R :UD“"’ 2/5:/ 03.
2 WH;A_F C@iuw :
QA 009 SSR Specimens, Tests, & Evaluation Date Approved: Aprl 2006
Revision #3 . Page“ﬁ’ATE' -5y Prepared By: C. Scott
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Slow Strain Rate

Work Request/Test information Form

Person Peroming Test__J o € (9€18 T oo phone. 70 S48 TN
fﬁ gmfdf( Caestcg ProjectName:___ ARES
Stalt Bliemmey =250 900 ik lSE R -2 280 7:20  project Number__ &L L7013 S

TEST PARAMETERS A
wateriar AART RE G& e B Testt__J/P6-5S SSR System #: (Jﬁ/(’
Material ID#: / / ?Jb Extension Rate: [ E_ /6 infsec RPM: /} W /? 3
Sample # S //?C5§4‘ stanRate_____ /£ sec”

DATA ACQUISITION
Data File Name:___/1§£.-55 . OAT  surip Ghart Scale: Data Acquisition computerj Z 1
Data Ch 9t (& Strip Chart Speed:____~— LVDT or Dial Gauge 0#__ 5 2O

. ) — SAMPLE ENVIRONMENT ‘
Test Soluﬂon:é ‘T]/ 03 pJ‘ (/ Gas:;, o — € Reference Electrode; ié_
Initial pH: / y - Oc Temperature: So GC Free Comosion Potential; ;Vﬁ/__ mv
Final pH: 13+ Q Pressure; Roo Applied Potential; mv
Inttial . SPECIMEN DIMENSIONS Final
Overall Length:___ &.¢ (O in. Measuement DM“?—(L{LW—PL— Overall Length: ¢ in,
Gauge Mark Length__| ¥l | in, DeviceD #Z—L‘—/il—— Gauge Mark Distance: _m_
Gauge Di 1t < O ? 5 in.

Gauge Diameter:__ IJZSS_ n.

Cross Sectionat Area;_s812 37O in?

Machined Gauge Length: /<929 i

Cross Sectional Ama:_;w_s)_in 2

RESULTS&CALCULATIO?!S _______ o
Pre-Load: 75 lbs. - Max. Load 0(7? " ks Tmewraire G (Y trs.
Bongation =1, §¥¢ ~ 1. 667 in. Reduwogr:}:i;'o{m'“” TimetoFaiure,__ P PO AT 7 e
xé gation & —— oot L3 )100= 25 L % srodetons —ttennmee | (OOFGSD 400 LY. 28

Machined GageLangth  ( [:0(90 ) Intint Cross Sectian Arsa ( 03[ 2370 )
e (7Y PN L, MINA <. 545, €5
o it Cross Seckon e { SO12I7O) . T pAas T
CRACKING

Visual;, /\J o/t Crack Mode:
Low Power (30X):, Max. Crack Depth: mm
Metallographic: Crack Velocity: mm/sec

Comments:jl'é/'?h‘br Qﬁn:rfo [{'G’/" :&?QQS (}_—Q #/QZO

QA AP F&Q\f el
SSR Speamez: g];e:ls & Evaluaudw /-\ Nit geggﬁepw&pmeda;pgt Szggg
DATE:_3- ~-28-08

Project Leader's Signature:

QA 009
Revision #3 .
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Test Sheet Addendum

Test # ] f q (9 ~S > Readings
Sample # §Siz[[ﬁb\$5_ Y1
Filar Eye Piece  CCT #0224 [

. 75
Magnification 39K Av.
inches/graduation Lo Reading, * inches/ = Final Diameter,

graduations graduation in.
75 00 | (ONS

Comments
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Slow Strain Rate

Work Request/Test Information Form

Person Performing Test._ Jo7~ (o rs 1T
Sp?ctal azzd CGUS\}  C
Start (Date/'ﬁm(s % 25-08 G557

Home Phone: 770 ‘5({? 77(‘/7
Project Name:, AQES
Z;ﬁ’(éamm):zg 07 720 project Number__ 8112073 5

TEST PARAMETERS 4‘%
materiat_ AART (28 Cotdo B vea Mlz S SSR System #, 2
Materiat 0% //94 Extension Rate,__ /& "6 isec  RPM: /773 :
sample#t XR_(6~5( Strain Rate: 1E-6  sect
DATA ACQUISITION
Data Fiie Name:_//3(~56 O T stip Ghart Scsle: ha— " Data Acquisition Computer #: —3

Y39

Data Channels:___(S £ (& Strip Chart Speed:___ <~ VDT or Dial Gauge ID#:
W

o (}\ﬁ SAMPLE ENVIRONMENT

Test SaknonMOS PTL Gas: Now v Reference Elecrode;_-SC _
Initial pH: 1R i Temperature;__ -5 O Free Corrosion Potential__ ~ @10 mv
Fnalp:_f M 13 + Pressure; oo Applied Potential: mv

‘il : SPECIMEN DIMENS NS Final - -

Overal Lengtf% 6/ O in Measurement DW'%?%@ NAL10 1S T N— e in,
GaugeMeskhength Ao S S i DevicelD#: (5977 , Gauge Mamoistam:e;_ﬁ&m.

GaugeDramet&r 11255 ‘
CmssSecuonalArea ‘O£2.37O 2 ';:MachmedGaugeLength /O@d in.

Gauge Diameter:. 07 in.

CmssSecﬁorialArw:»ooqgg

RESULTS & (fALCULATlONS
Max. Load s
Reduction in Area: #2320 ~,004537 in2

Pre-Load:; 7 S Ibs.
Elongaﬁon:j&??é‘ (eS3 4

.

Time to Failure:

Time to Faiure,_ 2233 7 / sec.
(007923 | 10043, 33«

Reduction in Area

c2.oY .

% Elong = —-Bavlﬁon =(1,7 )X100= 21\7 % Rech =
* ‘Wachined Gage Length (|0 )
S 477, .784g0

Initial Cross Section Area (,01'7\37 O)

7 5’? S}C) psl x 6.895 10-‘-5'/7!57»4&

i

CRACKING
Visual: ~ .0 ) Crack Mode: -
Low Power (30X): (Z. Max.CrackDepth:_____ mm
' Metallographic: ‘ Crack Velodity.: mvsec
*cammertss,Jerp Carlin \ler ﬁ/;z?é, TCZ )L
\ M corrdsion  atewnd o ande Like T pareas

ned cotpetice pw&o{( v soldtion

removed From cell

QA APPROVED

Project Leader's Slgnatum.
GA 009 ' SSR Specmens, Tests, & EvNGI] Data Approved: Aprl 2006
Revision #3 . ped Page 11 E o Prepared By: C. Scott

DATE:

A-137

3-26G%




RPP-RPT-37505, Rev. 0

Test # } ! QQ‘ 5 %
Sample # 3s R (146-3¢
Filar Eye Piece CCT #0224
Magnification S 0K
inches/graduation oo (

Comments

Test Sheet Addendum
Readings
7l
5
Avg.
Reading, * inches/ = Final Diameter,
graduations graduation in.
76 .00 | L0726

A-138



RPP-RPT-37505, Rev. 0

Slow Strain Rate

Work Request/Test Information Form

Person Performing Test: \TQ e C\S) e f$7\

C4u$

fwgatelﬁ:'me) L2.7.0 ‘/Z o 5/

Home Phone:,
Project Name:

2o sY&7TY>
NRES 2008

ﬁ;@(@ggﬁe) 4-5 &t 30 project Number /17013 S

TEST PARAMETERS
Materiat NART /2.6 Gf&lfﬁ Test#_ 19 ~S7 SSR System # /Q
Material ID#: / / ? b Extension Rate; £ isec RPM: / 7 3
Sample #: SSR /(96”57 Strain Rate; /E‘é sec!
_ _ DATA ACQUISITION 3
Data File Meme:_{/36~S TP AT suip chart scate: Data Acquisition Computer #_ &
Data Chameis:____|S £ (& Strip Chart Speed;__ ~_ LVDT or Dial Gauge ID#;
Teac k‘\"j g5 _ SAMPLE ENVIRONMENT
Test sotion S 1 103 PTC Gas:_ Moo Reference Electrode: ‘SQ £
inialpH: /3 & Temperature: J Aewver2- 5O . Freq Comosion Potential:_ 1
Final pH; |2+ Pressure: V" Loo —~ Applied Potenﬁal:_%_ mv
Initial SPECIMEN DIMENSIONS Final

Overall Length:, ﬁ'l ln. Measurement Devioe C 4 (( e/S Overall Length: X( l— in.
Gauge Mark Length;_J ; 1 3~ ¥ Device D #:__/ 147 GaugeMarkDustanoeALs-__ n.
Gauge Diameter___ o /[ é in. Gauge Diameler; 1%
Cross Sectional Area; Q[ 2 2.7 X in? Machined Gauge tengin: /.000 __in Cross Sectional Area; 00977 F in.z

) RESULTS & CALCULATIONS ‘ )
Pre-toad: 15 lbs.  Max Load 2 G L( " b TmewFauwe_ © A, 2] hrs.
gongaion = 184S~ [ 12& 41 ReductoninAvea_ 007 in2  Tmeworaiwe, AAIIE Y sec
ongaton= — 20 GV ) 1000 A7 srenesone i (007443 400 Gl0g,

Machined Gage Lengtn (], 000 ) tritial Cross Sectiin Anea (,0(227.1 )
uTS = e = C?(OL( ) =Mw TYEEY peixesss 10°=S Y163 wp.
Inigel Cross Soction area (,O( T2 T )
‘\) CRACKING
»
Visual: Crack Mode:
Low Power (30X); Max. Crack Depth: mm
Metallographic; Crack Velocity: - mmisec
. Comments:,

_ o
Project Leader’s Signature: { JI(N ﬂ

Iz ~UAAPPROVED —

QA 009
Revision #3 .

NAME: o
SSR Specimens, Tests, & —— T

Date Approved: April 2006

Page 11

DATE:

Prepared By: C. Scott
4-144¢
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RPP-RPT-37505, Rev. 0

Test# 1196-5 7
Sample # SSE 196-877
Filar Eye Piece CCT # 0224
Magnification 30K
inches/graduation elo X4

Comments

Test Sheet Addendum

Readings

¢
20

78

Avg.
Reading, *
graduations

75

inches/
graduation

eO@/

= Final Diameter,
in.

L0 7&

A-140



RPP-RPT-37505, Rev. 0

Slow Strain Rate
Work Request/Test Information Form

Person Performing Test._J 0 € erg T oo prone. 0548 2797

CaesTic ' proectiame:. ARE S 2008
LIRSl Feow a o ‘

Finis;lr(%g}e(fﬁme): Y4-7-0¢ 7RO

Project Number,_ &1 7013 £~

Cross Sectional Area; ¢Q[22.72

Machined Gauge Length: /= C0C in.

TEST PARAMETERS
Ma:mr;ﬁf?lil‘lﬂif GMJQ (3 reste: 96-85 SSR System #: &
Material ID#: ’ I q C> Extension Rate: / £ qié’ infsec RPM: / 7 3
Sample eSS 4 -5¢ Strain Rate: JE-G sec”

DATA ACQUISITION
Data Fiie Name:_{ [16-S&" DAT  stip chart Scale: Data Acquisition Computer#____ 11 I/
Data Channels: 9 + [ S’ Strip Chart Speed: D LVDT or Dial Gauge ID#: 2 6]

Trackios €6 SAMPLE ENVIRONMENT
Test Sowtion:_3 W [0S PT ¢ gas Mo ~€ Reference Electrode: SCE
initial pH: 13 £ Temperature: _}_‘M—ee—.f‘-r’ SOC _ Free Commosion Potential?™ ¢ /93 v
Finat pH: 13 -+ Pressure:, L@ Applied Potential: 00
[nttial SPECIMEN DIMENSIONS Final
Overall Length;___ &, O in, Measurement Wi@i—c—(’{—'ﬁ'—/i Overall Length: 52 in.
Gauge Mark Length: /5 (36 in, DevicelD#: alks 7 Gauge Mark Dlstanoe_.LZL_ in,
Gauge Diameter___» { 2 ) Gauge uwndeﬂ_ﬂq_ in.
2

Cross Sectional Area 004902 .

RESULTS & CALCULATIONS

Pre-Load: 7S fbs. - Max Load & §  ps  TmetoFaius: Lo.2¢ hrs.
Elongaﬁon=lé'35’ (636 in, Reduction hA«ea:J!ll‘linm‘”b%,.’ Time to Failure; 212022 sec.
xBogions — = GAORY o 0002 L e A (27370) 0 40,06,
Machined Gage Length (/,0(90) it Cross Secton Ares )
urs = - Max, Load _( 4gg) - go,qu ool 6’0502 i x 6895 10 = 555 s
titial Cross Sectian Area (;612277\) ;
U CRACKING
Visual:_} © Crack Mode:
Low Power (30X): Max. Crack Depth: mm
Metallographic: Crack Velocity: - mrm/sec
Comments:

Project Leader's éignature: ( .%\’% “ 4 // 4" /0%

QA APPRO¥ED

QA 009
Revision #3 .

SSR Specimens, Tests, & EW E- C. 2 g) . Date Approved: April 2006
Page 11 - 3 Prepared 8y: C. Scott

DATE:

4-14-08
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RPP-RPT-37505, Rev. 0

Test Sheet Addendum

Test # “ (]‘(a ~S ¥ Readings
Sample # SS R l,ﬁé‘ ¥ &9

Filar Eye Piece CCT #0224 /10

Magnification o X Avg.

inches/graduation 00 | Reading, * Inches/ = Final Diameter,
graduations graduation in.

71 L00 ‘-077

Comments
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RPP-RPT-37505, Rev. 0

Slow Strain Rate
Work Request/Test Information Form

Person Performing Test; 30 « 6@ re \£ Home Phone:, 7(/d \g\(/t()u¢>

SQﬁaICIZazanjs“ /[}U} [ _ ‘ Project Name: FUL70 13 ST
@tart?%ateﬂ%e): Y-15:0% 1155 kst (Dhlgfﬁfe?d Yiso Y190 & Project Number;

TEST PARAMETERS :
Materiat A A R T /zé/g md)ches,#: /¢ 6~85 SSR System #: ‘/91
Material ID#: 19 L Extension Rate:___ /=~ %= iwsec  RPM: /24
sample#: SS & 1026 » &9 Strain Rate: P -G et

DATA ACQUISITION
Data File Name_/ /T~ 5 $ Strip Chart Scale____ Data Aoquisition Computer #_—5 __
Data Channels:_ | & + ((, Strip ChartSpeed____ LVDT o Dial Gauge I0#___ 4. 35
TeAchs S 90 * SAMPLE ENVIRONMENT A
Test Solution: Eugy aaled Svpewﬂt(’eas: N O Reforcnoe Electrode,_ —> C»_ £
wiatpr___J4 Temperature: SO & Free Corrosion Po{enﬁalz_"‘-s_/g_ mv
FinatpH:____JN + Pressure: /2 XD M Applied Potential,__————— _mV

. laidal SPECIMEN DIMENSIONS . Emnat

Overall Length: ?ﬁ O in.  Measurement Device: L _# [pers Overall Length: g 2 —— 1.
Gauge Mark Length:_ Le Q é Z_in. Devioe_lD#: l ({? 7 G.aweMarkDistanoe: i« 87 : in.

Gauge Diameter: A2 Gauge mmépm_ in.
Cross Sectional Area;_t0(22.7 { in? Machined Gauge Length: /.000 . Cross Sectional Area 190472 ¢ in?

— _R:_ssuusq CALCULATIONS o -
Pre-Load: —7 ‘5 fos. Max. Load é 7 ) bs. Time to Failure: Sg‘?é hrs.
. Elongadon=_lL826 S b7 n. Reduction in Area: 013272 ~, 00 4 174in2 Time fo Failure: 1‘2265— sec.
nomons —200___GROY) 10 20, e e COOTIZ) 0 606
Machined Gage Lengts ([ OO0 ) oita) Croas Section Awa (81222 ) )

RS =(,(c\?17;772)_) - 18N | 78K paixoses 105433/ vea
GA ARPRSYED

| Visuat; /U C) . Crack Mode:,
Low Power (30xy___ NO NAME:_(Qduonr Max. Crack Depth; mm
Metatographic: DATE-. 8- Crack Velooty:: - mm/sec

comments: [contealler  #/23¢ 7€ ¥ 70.72()

o sde . ol fFracluee  wias dﬂp\ﬁ%& whew :L_.&’foﬁfea( ‘o

The simk . . .
(%# ‘ Date: Z’7/ &I/ O&

Project Leader’s Signature:

QA 009 SSR Spedi Tests, & Evaluation Date Approved: Apdl 2006
Revision#3 - Page 11 _ Prepared By: C. Scott
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RPP-RPT-37505, Rev. 0

Slow Strain Rate
Work Request/Test Information Form
~ Person Performing Test; \\ A€ 6 er SF\\ Home Phone7 L/0§C/£7 Z({7
Project Name: ArE §

F-’-}‘\JST

S em'%n%;:( Wizo 3°56%  Fiist!

‘(eér:%‘;,é‘7°5/ 7i06 &.MProject Number: F1170(%3

Material; ﬁ‘_{(T{ Qg 6('?)0{ 67 Test#; / 7 %

A

SSR System #:
Material ID#: // 976 Extension Rate: ZE - wsec RPM: / 7 L/
Sampie #: SSR/// ?’él - o P Strain Rate: JE -G s
DATA ACQUISITION

Data Fie Name: [/ 9660 P4 T

Stip ChartScate;,___— ———

Data Acquisition Computer #:_g__

yrcf

LVDT or Dial Gauge ID¥#:

Data Channets:___[&~ + (& Strip Chart Speext: ]
l Al k& Jj QO : SAMPLE ENVIRONMENT | |
Test Solution: _ﬁf [05-PSC_ 6o Mo S o Reference Electode:__ .\ CbS
g/ 3+ Temperature,__S() © C Free Corrosion Potential:_~ 242 /_mv
o L 37 pressure (R 0® nppied Potental,__{-C10 mv
: 15

: Initial SPECIMEN DIMEN NS MCASOF%\ v’H\\ cAhpers
Overall Length: S/ . d in. MeasurementDewce_ ers | Longt:
Devica D # Gauge Mark Dlstanoez! Lﬂ Zl m

Gauge Mark Length; / H 2

A-144

Gauge Diameter: l Q in. Gauge D;ameter 4
Cross Sectional Area: Ql?_\f(o(l'm_ MadlhedGaugeLqum:/rooa . Cross Sectional Area: §!0337 ;n.z
‘ RESULTS & CALCULATIONS Rovaivg.
. Eongation={: /L~ [702. Reduction in Area;-011464~ , 01043 7in? ‘1‘12.22‘ 1393’61 sec.
xeirguton = —2 Ll TY D o0 11y e A COOUSZA o0 1128,
Machined Gage tergth  ( / (JOO ) Inftisi Grocs Section Area (..Olz"fﬁﬁ ) .
et 7, WY TS e SO,
tni6ial Crows Secon Arva (Ol?_\igﬂl )
CRACKING
Visyal: No("e Crack Mode:
Low Power (30X),__Np @ Max. Crack Depth: mm
Metailographic: Crack Velocity:_: . Mmmsec
oo slopped al_59.55 hee ned T lopBpipn —
SMEe Airoc o 4T fN’(’e{"FﬁCP : ai )
(€ [670  TJcotrdller [23¢ AME: R -
Project Leader's Signature: . : N ALE: G~ §-ok
QA 009 SSR Specimens, Tests, & Evaluation Date Approved: Aprl 2006
Revision #3 . Page 11. Prepared By: C. Scott



RPP-RPT-37505, Rev. 0

Slow Strain Rate

Work RequestiTest Information Form

Person Performing Test: \ Ce

CergT

4vsT ¢

ial Hazards:
Réﬁ%ﬁ ey $908 72 /§

T

S-ig~0

Home Phone: 7 C/O S(/ g 77 K£>

Projoct Name:_11IES ZQA0 K

Project Number,_/ 1 7013 &

TEST PARAMETERS f

b
G/

A

M'ateﬁal:Bﬁ AT (28 Grade r>?Test#: J/?é - SR systom#__¢

Material ID#: / [ ?»é e Extension Rate:_ / £ CS infsec RPM: / 7 4

Sample #: Ss& ”9&) ‘M(’Isuainl?ate: ’/7)‘—:“(9 sec’

'DATA ACQUISITION

Data File Name: M& - }:0 1 DA ({ Strip Chart Scale: D Data Acquisition Computer #: g

Data Channels: S+ (G sripchan Speed: LVOT or Dial Gauge ID#: 3 34
/;fck‘ g ¢ 3 SAMPLE ENVIRONMENT i

Test Sotution: 32 /0 Gas: N~ Referonce Electrode:__ = C =

[nitial pH:, /Zr 25 Temperature: 770 C Free Corrosion Potential: ~ 2%

. Final pH: Pressure: s Apphied Potential__/~ C £

i {ottiaf SPECIMEN muENSlONé Final
Overall Length: &. [ in, Measurement Device: Cl‘2 25 Overal Lengh: £, Vi in
Gt L SIS omios_ (727

Gauge Diameter; i]12& in.
Cross Sectional Area;_, (2 {227 2

Machined Gauge Length; /=Y~ &7 000

Gauge Mark Distance:_[ ¢ Qi
L O7E  w

Gauge Diameter: O

. Crass Sectional Area;_s0 0?7 F in?

RESULTS & CALCULATIONS S L
Pre-Load:; AY tbs.  Max Load 000 ke Tmewrawe__DE<ZS s
Bongaton={ 0L - {593 mehm-w’nz TimetoFatrs__ 2072 (S se
xermgnton s —20 G0 V0 D0 .G weane e (OO2ID o0 gty
Machined Gage Length ( 1.000) nktel Cross Soction Acea (,012.2.7 2-)
ettt (P00 ) SIYQT . GINED eeesss 10o-SUE S uee

toitiel Cross Secton Area (‘019\179\)

" CRACKING
Visual: /\/ % Crack Mode:
Low Power (30X): NY Max. Crack Depth: mm
Metaﬂograph!a Crack Velodity: - mm/sec
e corrlro lled® 1230 THL70  UA APPROVED
4 _ DATE: G-t
Date:

. Project Leader's Signature; M,___é@ézg__,

QA 009
- Revision #3 . ]

SSR Specimens, Tests, & Evaluation
Page 11

A-145

Date Approved: Apdl 2006
Prepared By: C. Scott



RPP-RPT-37505,Rev. 0

Test Sheet Addendum
Test # -(; / Readings
Sample # SSRH9p-6 1 90
Filar Eye Piece CCT # 0224 ]
79
Magnification JOX Avg.
inches/graduation 00 { Reading, * inches/ = Final Diameter,
graduations graduation in.
7% 00! L0728
Comments

A-146



RPP-RPT-37505, Rev. 0

Slow Strain Rate

Work Request/Test Information Form

7Y0 SHE 77

Person Petforming Test: ;_i () f éﬁ f.'ST Home Phone:
z"’ C""$ ‘S Project Name:___ A LES 7_:°°%
Sm‘; (Dat 'mcs qﬁnish {Date/Time): Project Number:, gnrotlss
TEST PARAMETERS
materiat AORTI2S Crade B s 196 -6 2 SSR System #; ﬂ/l
Material ID#: (G Extension Rate:___1 €~ 5= . jnisec RPM: nyY
sample#: SR U3k -6 L spainrate: JE (e sec
- DATA ACQUISITION
Data File Name:_{ {§6 =6 %D AT Strip Chart Scale: Data Acquisition Computer #; 52
Data Channels: l?'{‘ (< Strip Chart Speed: LVDT or Dial Gauge ID#: f,z((

. EUQPGMTGQ ’S‘.'?emﬁe Wm)sﬁwfs ENVIRONMENT

SCE

Test Sofution: o __Neage Referonce.Eleciode:___ > =~
Initial pH: /7 O Temperature: _4‘; Q ° C Free Corrosion Potential:,'_":sj’_-s. mv
Final pH: 1Y 4~ Pressure: . 1RO SN Applied Potenﬁal:f_gf_ Y
. Inftial SPECIMEN DIMEN! lqns Final
Overall Lengih: ¥ O o MeasuementDeviel AP OS2 n.
Gauge Mark Length: Z { (d X a( in. Device!D#; [ L[ c\ L Gauge Mark Distarmliﬁ_ in.
Gauge Diameter:, o l 8 :‘ in. Gauge Dlameter_ﬁ7___ in.
Cross Sectional Area;__ Q) [ 2.8 Tin? Machined Gauge Length: _@O—— . Cross Sectional Area:e00 965 7 _in?
RESULTS & CALCULATION_S o _
Pre-Load: 75 bs. - Max Load ?q K . s, TimetoFailure; & ‘{ o 7 hvs.
jon=1,333 ~ |, &8 in Reduction in Area, 8] 207¢~ . 00465 Tin ? Time to Failure: 23328| 2 sec,
# Ehrgaton « ——wr (s 214 13100« 2L o srahesone —omarm_LOOTHP 450 6l
Machined Gage Length {¢°°0 Initlal Cross Section Area (‘0!2075 )
UTS = Max. Load t’qz ) ?2‘)‘3\7 8’21’\7 psl x 6.895 10-':5%4 iQ MPa
infial Cross Section Area (.Ol')&‘l(, ) _
CRACKING
w:ual: /\) O Crack Mode:,
Low Power (30X): ) Max. Crack Depth: mm
Metallographic;, . . Crack Velocity:_:
commens L<0= Tuo ([ea# ]93¢ TC# 70 QA APPRDALEL
‘ NAME: Qdx—
. NATE. £t
. L4 ) § -l
Project Leader’s Signature: Date:,
QA 009 SSR Specimens, Tests, & Evaluation Date Approved: April 2006
Revision #3 . Page 11 Prepared By: C. Scott
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Test # ] / q@ ~6 2
Sample # Ss&ilge-62
Filar Eye Piece CCT #0224
Magnification 30

inches/graduation LY

Comments

RPP-RPT-37505, Rev. 0

Test Sheet Addendum

Readings
87
/O

77

Avg.
Reading, * inches/ = Final Diameter,
graduations graduation in.

77 L00 ( 027

A-148



RPP-RPT-37505, Rev. 0

Slow Strain Rate

Work Request/Test Information Form

Person Performing Test; ‘\GQ (sf—’f‘s'(\
Cavste e

290598 774>

E.P?féraza‘f ijedName‘ ALES
Staﬂ(Datefﬂme)_s_‘_NﬂQ’ 145 Finish et B1008 71O Projoct Number: o K1/ 7015 S

TEST PARAMETERS

S

materiar. PR T (3¥ Grede 13 Test# //ﬁ(o 2D SSR System #:
Material (O#: /1% o Extension Rate: JE  ivsec RPM: (oq ¢
samplo#: SSR 1%~ L 3 stainrate: /E-G s
DATA ACQUISITION
Data File Name; //q(a (93 Q’?Tsmpcnan — Data Acquisition Computer #; /O
Data Channels___ 1 1 [ Strip Chart Speed.____—— LVDT or Dial Gauge ID#_ (20 T
N Mok“"g 16 ‘ SAMPLE ENVIRONMENT
Test Solution; [ﬁ) j0S Gas: Noue Reference Electrode: sCe
Initial pH:, /3 (‘~S— Temperature: LSO aC FTBBCOHTSIOH Potential,___— ~ -~ —-}ot)
Final pH: [3 + Pre oM Applied Potenhal._f\£()—_ mv
. [nttial SPECIMEN DIMENSIONS ' Final
Overall Length: 5/ i O in, Measurement Wmm Overall Length: Y. 2 in
Gauge Mark Length:_/ « in. Device ID#: / C[? ? GaugeMa:kDustance_L’f?_7_ln
Gauge Diameter; L l ZH in. Gauge Diameter:_ 077
Cross Sectional Area;_, (3 [ O TG in2 Machined Gauge Length: 00 0 i Cross Sectional Area; 004657 lﬂ-z
RESULTS & CALCULATIONS ’
Pre-Load; 15 s.  Max Load 296 . ®s TmewFalwe__ & 4,33 trs.
.‘Lgcn / €6 Reduction in Area: 076~ . 009,57 in? Time to Failure: 23/5?5- sec.

Reduction in Arez

v G20 00 2900 e

Machinas Gage Legtn ({000 )

% Elongation =

(‘007‘{,7 ) x100=4,l"l’L%

Inttal Cross Secaon Area (:612.076 )

4 /=
- A,
Project Leader's Signature: . N
[74 7

e M $1C W g 55516 7
ﬁuc:msmm'—(,ollb’?e) ) yit[ b = 6/1 S é‘sm .

CRACKING
Visual. MY Crack Mode:
Low Power (30X):____ MO Max.CrackDepth: _ mm
Metallographic: CrackVelodity - ___________mmvsec
COmmemJgomol(e/L # 126y 7<#130/ QA APPROVED

' _ NAME: Cdun
, BDATE: C-180%
A/ﬁ Date: : :

Date Approved: April 2008

SSR Specimens, Tests, & Evaluation

Page 11

Revision #3 .

A-149

Prepared By: C. Scott



96-€3

Test #
Sample # SSR {14,-63
Filar Eye Piece CCT # 0224

Magnification

SOX

inches/graduation oo (

Comments

RPP-RPT-37505, Rev. 0

Test Sheet Addendum
Readings
&Y
7
77
Avg.
Reading, * inches/ = Final Diameter,
graduations graduation in.
77 (00 { c0727

A-150



RPP-RPT-37505, Rev. 0

Slow Strain Rate

Work Request/Test Information Form

Person Performing Test: :Tof‘ Gerst
C-’}UST(’

‘ S| Hazards
sgj'([zatmm)Sz 08 fl:2s

n
g0y 720

Project Name:
Project Number, 3’(/[70135“

Home Phone:; 7{/0 5%?77‘{7

ARES

A-151

Finish
v TEST PARAMETERS _
Materiat_/] ART 12§ Grade I3 Test#: N6~ SSR System #; A
Materiat ID#: XA Extension Rate: [E-6 iwsec RPM: /74
sample#: ___SSR 196-~6 Y Strain Rate; ] £-G sec”
'DATA ACQUISITION 3
Data File Name; M(v ~§ L/ Strip Chart Scale: — Data Acquisition Computer#:__ =~
Data Channels: [S € (6 Strip Chart Speed; "~ LVOT or Dial Gauge ID#___ Y4 43y
7. ka"‘,’j &9 SAMPLE ENVIRONMENT
T&etSoluﬁon_ﬂP [0S _sixed e MOV E Reference Slecirode;__— < &
Initial pH: /3 7 Temperature,___ SO~ C Froe Corrusion Potential: ~=> 2 __my
Final pH; /[T Pressure: Ao Applied Potenﬁalip— mv
_ Initial SPECIMEN DIMENSIONS Final
Overall Length;,___ 5« O in. Measurement Device; Lpers Overall Length: 2_2 in.
Gauge Mark Length: z,éco Device ID #; [Y17 Gauge Mark Distance: L & {6
Gauge Diameter;, in. Gauge Diameter_____ " ( > o 7 - in.
Cross Sectional Area;_+ O 207 & o Machined Gaugetength /000  in (o Sectional Areas 00483 7 o2
- RESULTS & CALCULAHON:_S_ ‘ N
Pre-Load:; 7§ bs. - Max Load T s Time to Failure: 0. &7 hrs.
- Bongaton=__{ 8- (660, ReducﬁonhAmuO(M%'-OUf{QZf Time toFatre__ (6> 66  w
s Eurgaton s — 2 (2b ) x100= 26 4 wnemtone temnree GOOTSHO) o0 0243,
Machined Gage Lengtn ( 1000 ) tnital Gross Section Area (10(207(3 )
M Losd 87 g
Urs= - = = ; x - S‘G q( é 7 a
ital Cross Secton Aea (.3 2074 ) ? = MN e
CRACKING
Vusyal: A] 0 Crack Mode:,
Low Power (30X); A) O Max. Crack Depth: mm
Metallographic;____ . Crack Velocity: - mavsec
comments: T CuTmller #1226 7C Z /¢ 70 ‘
I NAME:_cgau |
Project Leader’s Signature;__ é Zf : ) % DARE:  L-ts-03
g:wg?zn o SSR Spedmer;sigl;e;si’s, & Evaiuation Date égpamred é ?pg g&?g



RPP-RPT-37505, Rev. 0

Test Sheet Addendum

Test # “ ~( ¢ Readings
Sample # SS R (1664 9/
Filar Eye Piece CCT # 0224 /&

—_— 76
Magnification 30 K Avg.
inches/graduation (0o { Reading, * inches!/ = Final Diameter,

graduations graduation in.

d/‘;,ao 2l, e L 076

Comments

A-152



RPP-RPT-37505, Rev. 0

Slow Strain Rate

Work Request/Test Information Form

Person Performing Test: Jece CsQS‘ST . Home Phone: 7‘[05‘(?7?%_7
Speciarl: Hafgfsc — Cays LiC Project Name: A RES _
Start (Dat 'me):e_s( 2¢-07 1100 Fish (DatarTime): Project Number; g42012 5
TEST PARAMETERS _ 1
Material: ARRT 12¢ Gend € '@ Test #: U665 SSR System #:
Material ID#: [ l 4 & Extension Rate:, [E~-L infsec RPM: / 7Y
sampie#t: SSR (96 -6S Strain Rate; [E-G o
o DATA ACQUISITION
Data File Name: 14 -GS . 04T Strip Chart Scale: Data Acquisition Computer #. __\?___
Data Channels;____[S € [ ¢ Strip Chart Speed:___~—— LVDT or Dia Gauge 1D#; :
. Teackdes 0 SAMPLE ENVIRONMENT o
TestSoution: 7105 PS¢ g, 0~ Reforence Blectode,__>C £
wotgatpri:___ 2,0/ Temperature: S50 ‘C Free Corrosion Potential: 5/ mv
Final pH: /3 + Pressure; Lo Applied Potential,__~ 280 mv
nitial SPECIMEN DIMENSIONS MeAs "“df,_,,_;,'% caligers
Overall Length: L?c O in. Measurement Devioe:_cq_(‘& Overall Length: ‘b’ < 2—- in.
Gauge MarkLengtre_[1 1l O i DevicslD#: WALV, Gauge Mark Distance: f,fgg in.
Gauge Diameter_e | 34S in. o Gauge Diameter__ [{ 735" i
Cross Sectional Area;, 01T TY o2 Machined Gauge Lengtn:__ /000 in. Crass Sectional Area2 O[O HY  in?
RESULTS & CALCULATIONS
Pre-Load: 75 bs - Max Load v S Tmm 41,64 vs.
Tmonedie_ 1SO00T2

" Bongaton =L FEE- 1160

% El = .
Machined Gage Langth (ieos'c))
UTS= Max. Load (485 ) _

- = - §o4li
Il Groas Secton Ares WOy ) —

Reduction in Area:8 1.4 ~ 0108 {¥in 2

(21330 00 (02,

=(l'2¥ )x100= !Z‘g % %Reduston= Reduction in Area
oival Cross Secon s (OI2(TY )

pai

g psi x 6.695 1a-'=§$7'ggum

CRACKING
Visual: N o Crack Mode:.
Low Power (30X} /J 0 Max. Crack Depth: mm
Mewﬂograpmcz . CrackVelocity: - mawsec
COmments:TCOvT"& UEI‘ !cg SZS T( }KO l Pﬁ AT Z / { S-(

2@00 IV ResisTar

%

730 A.m  PES Lbg 250 NAME:

4‘)\009 914 Bj 04,
NI 2 Y - ; Lot
Project Leader’s Signature: - -7 Date; s 7-r=
R VRITE G380
Q4 009 SSR Specimens, Tests, & Evaluation Date Approved: Aprl 2006
Revision #3 . Page 11 " Prepared By: C. Scott
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RPP-RPT-37505, Rev. 0

Slow Strain Rate
Work Request/Test Information Form

Person Pedorming Test__ S & G ers T Home Phone,_ 248 <Y & 7247

?QFFaIHazard Q@vsf C Project Name: 4/255
Start (&teﬂ:ﬁ{e) LR 230 ,.—n.s'%a(eh—m, &-C oy Project Number___ 3. 7013 ST
TEST PARAMETERS '
Mz‘mﬁat:ﬂﬁkr (lf( Coade grw#; /196 -6 __ SSRSystem#: A
Materiaii: __/ (6 Extension Rate:__[ £~ & isec  RPM: [2Y
sample#__ SSR 8¢~ Strain Rate; /E ~G sec”
‘ DATA ACQUISITION
bata Fie Name:_J { 1666 AT stip Chart Scate: —_ Data Acquisition Computer #. =
 Data Channels; [SHIE  suip cratspeed__ LVDT or Dial Gauge 10#__"/_3_"{_
Teacke~s 97 SAMPLE ERVIRONMENT
Test Soluton: AW [0S Superm ALC g MNMone Reference Electrode: _SSL__
Initial pH: } ? 7“ Temperature: 50 ° C Free Corrasion Potential: === —~23 §
Final pH:, 2 + Pressure: R oo Applied Potential___——— "~ ___mV
_ Intgal SPECIMEN DIMENSIONS Final
ovesttongt__ 6. O MesswomentDoves CAIP S ot K1 T
Gauge Mark Length:_{ + (T 2 Device ID#; 1999 GaugeMalesiance__[LLlﬂ-
Gauge Diameter; / 9 s mn. £7 ] Gauge Diameter:, 517
Cross Sectional Area; ,@{2 V14 _jn2 Machined GaugeLength:_/« =~ = [.90¢ . Gross Sectional Area:_<0046 5 7_in?
- RESULTS & CALCULATI_ON_ASV _ '

Pre-Load: 75 bs.  Max Load { ___ Mbs.  TimetoFailure: $1.87. hrs.
tiongaton <[+ 895 ~ (672 11 Reductionin Aea 1Y~ 00 4S5 7in?  Timeto Failure: 222716 sec.

R Elongation (,2’3 ) ‘ {. s Reducton In Area (607517 ) WAk Iy
b oo 203 " o st ORITS

Machined Gage Langth (/000)

Max. Load L }5;7) ,54075— psi S)IOY( psi x 6,695 104=559«0,Mpa

Wi Cross Secton Ara (0 [21 Y ) _ .
TAARPROVED

UTsS=

0 .
Visuat: /\) - . NAME: Ofdiee Crack Mode:

Low Power (30X); : Max CrackDepth._________mm
Metallographic: DATE 82008 _GCrack Velocity..___________mmisec

C¢

TCQNTfG((ef‘ ‘/4?25" ?—C /Q(ZD

"~
.

., | %

QA 009 : SSR Specimens, Tests, & Evaluation Date Approved: Apdl 2006
R Prepared By: C. Scott

Revision #3 Page 11

Project Leader's Signature:

A-154



Test # ”Cié*é(o

Sample # SSR “ggr@e

... Filar_Eye Piece CCT #0224 .
Magnification 30 K

inches/graduation 00

R ¥

RPP-RPT-37505, Rev. 0

Test Sheet Addendum

Readings

144

77

Avg.
Reading, * inches/ = Final Diameter,
graduations graduation in.

277 .00 L .07

Comments

A-155



RPP-RPT-37505, Rev. 0

Slow Strain Rate

Work Request/Test Information Form

Person Performing Test: \506’ C‘)f;fﬁf(__

. Home Phone:

U0 Y8 77¢7

Aus-hi Project Name: Aﬂﬁ—s v
:Eff&?w“ S.6-4-08  $10 ?“A&Da?;’r;”nﬂw"”m Nomber &0 700 3§
' ARAMETERS
Material:/)/)'« T(_ QS/GMA 65 Test# / ?é SSR System #; y
Materiat b/ (96 Extension Rate;__{ &€ * 6 isec  RPM: 6% Y
Sa'nple#:igsg ”ﬂé\é'z Strain Rate:, /E \é sec’
DATA ACQUISITION

DataFi{eName:j/?é ‘é7L0AT Strip Chart Scale;____—__

Data Acquisition Computer #__T/L_

% Elongation =

Data Channels,__L{__ € (2 Strip Chart Speed__ LVDT or Dial Gauge ID#;
-1 | WP a-cl :
TTIACKGEY TX 4 SAMPLE ENVIRONMENT
Test Sotution:__ S/ (04 g Ao P Reference Electrode: ;Sg
Initial pH: /3+ Temperature:, 50 ° Q FreeCom)slonPotenﬁal‘ 40 mv
FinalpH:____{ 3 + Pressure; Moo Applied Potential;
SPECIMEN DIMENSIONS Final
Overall Length: ? O in MW‘DGV‘C‘?ZC"'“ el Overall Length: g2 in.
Gauge Mark Length,_|, & 2 G bevicoin#___ 1 497 Gauge Mark Distancs,_ 4700 __n.
Gauge Diameter:, 1 Z VS/ in. B Gauge W—LQZL_ in.
Cross Sectional Area ({21 TH in2 Machined Gauge Lengt_1 000 i Cross Sectional Area: 00 {41 & _in?
RESULTS & CALCULATIONS ) -

Pre-Load: 7 S’ bs.  Max Load 0 " Wss  Time to Failure: (270

giongation </ 0 O ~ /tGYC’ . Reductionin Area: N2 ITY = 809YIfi?  Time to Failure: 2243208 .

swgn  (,22Y ) 1002 ép_. :./ oy Fedcnnnes  (,807756) o0 (374,

Machined Gage Length (/ 000 )

urs = Max. Load - (800 =§i2,q’> i

iget Crosy Sachon s ( ,0(217Y )

{{2145 psi x 6.895 10‘-%%

Wil Cross. Secton s (: OV TY )
UA ARPRGVED

Revision #3 Page 11

A-156

Visual; - /L) C) Crack Mode:

Low Power (30X); ? NAME: Qlduens Mox CrackDepth:______ mm

Metatiographic: DATE: _8-20-c5 Crack Velodity:: :

comments:_TCmp Ooatedier 1260 TC 153¢

Project Leader's Signature: Y%’V X - Date: 43,/4;/ 1% X

QA 009 SSR Spedimens, Tesis, & Evaicaton Date Approved: Apdl 2006
. Prepared By: C. Scott



RPP-RPT-37505, Rev. 0

Test Sheet Addendum
Test # 14~ 67 Readings
Sample # SSR HW-~61 77
____ Filar Eye Piece CCT #0224 2
750
Magnification 30K Avg.
inches/graduation 00 ! Reading, * inches/ = Final Diameter,
graduations graduation in.
5 XX L0758
Comments

A-157



RPP-RPT-37505, Rev. 0

Slow Strain Rate
Work Request/Test Information Form

Person Performing /y’ e jL 4/4/{/2€ 26 / J—Q‘Q G%* Home Phone:
Special Hazards; j’s\ .ﬁéﬁ-—m—#’a—{f Project Name: A/LES 20 %

Project Number,_8/(7¢ I3 s

7~

Start (DataTime):%, /0 -0 Finish (DaterTime) = (30 &

ElLeY o g%l £0:30 ST
Méten‘a!:ﬁﬁflr ( Qg G d‘/'rtfe rj Test#: [ 9‘“" § SSR System #: %
Material ID#: Vil® Extension Rate: Z {2 infsec  RPM: 29 ('/

Sample # 55( //Zé; &8 Strain Rate: /E— G sect

. | DATA ACQUISITION / /
Data File Name: / / %: -6y Strip Chart Scale: Data Acquisition Computer #,
Data Channess I +R Strip Chart Speed;_—————— LVDT or Dial Gauge ID¥; 1
A A I\L P A < q & ]

: TIT 75 SAMPLE RONMENT '/—
TstSo«uuon_&\( (O] C.S L Gas: ‘ ozuf RefermEledmde.éQ*_
Initial pH: / / < 5’;1 Temperature: 50°7°¢ = £2A%F  Fres Corosion Potential: -/¥0 mv
Finat pH; /2. .08% Pressure: o0 - Applied Potential;__~——— ____mV__

. nitial ) SPECIMEN DIMENSIONS ﬁ’h’_’
Overall Length; '7_.. 9] in.  Measurement Device: ___[l& Overall Length: S/z
Gauge Mark Length: ,3%0 Device 1D #; /Llfz . GaugeMarthstanoe. / 5’@6\

Gauge Diameter___ n. Gauge Diameter._ O?
Cross Sectional Area: , (13076 w2 MadinedGaugeLengm'/ 086G i Cross Sectional Area: 004 &5 7 h.’

RESULTS & CALCULATIONS X .
Pre-Load; ]5 © . Max Load JQO y T s Time!vnf.:a‘k.xezxél/‘ova s,
—l{g "0 / ng Reduction in Area; 8(2 876 ~.004657in 2 Time to Failure: 230 ‘/O 2 sec.

Gled
Sorgation & Z'Z.,(a) x100 = 22 6 % %Red: it ('007‘”,) x100=g§7‘?é‘z’

O et soniren. (1,009 " it G Sacin Aen (0120766 ) /’_ﬁ
Loas 0 : :

" oo S €538 e 18

Vlsy_al: A-/ 0 QA AMVED Crack Mode:

Low Power (30X): 2 NAME' Clduun Max. CrackDepth,____ mm

Metanograph«z DATF P-2q -08 CrackVelocity: - mmi/sec

C nts; TCm«u‘_t—"'ﬁl(Ql‘ [ZLQO /C /@70

)@ML e sTepped Ff [,335 hes g §0.63¢ be

ouer_ 1108

Project Leader’s Signature: (//L’

QA 009 SSR Spedi Tests, & Evaluation Date Approved: April 2006
Revision #3 - . ) Page 11 . Prepared By: C. Scott
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RPP-RPT-37505, Rev. 0

Test Sheet Addendum
Test# Hf(lo- < Readin
Sample # 3SR (1966 8 9
——FitarEye-Piece——CCT #0224 17
' - 77
Magnification 30 5 Avg.
inches/graduation .00 { Reading, * inches/ = Final Diameter,
graduations graduation in.
777 00 | 027

Comments

A-159



RPP-RPT-37505, Rev. 0

Slow Strain Rate

Work Request/Test Information Form
Person Performing Test: JG) € 66 FS’—f Home Phone: 790 SYg 7¢7
Sp rds C/‘)\JST‘ i Project Name:; /4’1 £S5
%ﬁeﬂ%ﬁg 245 ¢ (7‘05{ ..zi’to'éér.ﬁfé;’”z 70~08 Project Number, gl 7013 S
' TEST PARAMETERS
PRRT12¢ Gorde B roun /16— § sorsyomt__7

69y

Material (O#: /19 6 Extension Rate,___ /=~ 6 iwsec RPM:
comior. SSEIMG-GT  somrae  JE-G s

DATA ACQUISITION /
Data File Name: Hﬂ: Lq LDIQT Strip Chart Scale: — mAmmmpmii}i{t

Data Channais:___[I_+/ L Strip Chart Speed:___——_____ LVDT or Dial Gauge ID;

— "4“ “,g #6-0 SAMPLE ENVIRONMENT

Test Solution: ‘( 10) ¢sL Gas: Now e Reference. Electrode: _-57__Qﬁ

Initial pH: / /, 5 Temperature:, So°¢ - Free Cormasion Potential: & mv

Final pH: /2.ib Pressure: loom™m Apphied Potentia___ S £ mv
Initial SPECIMEN DIMENSIONS Final

‘ MeasurementDevloe:__CL(l_lf_e_/lﬁ_.; Overall Length g 2 in.

Overait Length:___ & + O in.
Gauge MarkLength:_/+ & S & _in.  DeviceID# 1ye7 v Gauge Mark Distance:_| - 9O
. Gauge Dlametett—_ﬂ_o_‘YS_ in.

Gauge Diameter; s { & 'Y 19\\{5 in.

Cross Sectional Area; s { 2T in? Machined Gauge ‘-""gnﬁitlg2 i Cross Sectional Area, 004 1Y in?
RESULTS & CALCULATIONS '
Pre-Load: 7§ s, Max. Load . tbs. Time to Fallure:; 57 Qg hrs.
Time to Fallure: ZISgO 7 Sec.

Blongation =_{ ¢ ¥eo - [65C Reduction In Asea: 812174 ~ 8041 12
Elongation . (, AQ \{) 1002 }O,F( v wrodtons Reduction in Area (007750 x100= 63:7/%

\itial Cross Section Area ((OIZAWC )

% Elongation =
Machined Gage Length ([ 6O O )

uTs e —— =(g£€1'§))=——Lg[[§ ‘ psl 857 psixesss 104-554,58 s
QA A:PPﬂQVED Crack Mode:

Visual; No~@ _
Low Power (30X):, ' i NAM E  Cldunn Max. CrackDepth:_____________mm
Metafiographic: DATE: &-2ws8 Crack Velooity:.____________ mmjsec

.Commenst C—'&(‘-’T’el(“@({ /gv(oL( T-Q._ ‘533

A % | V v SH0E

Project Leader’s Signature:.
QA 009 SSR Spedi Tests, & Evaluation Date Approved: Apdl 2006
Revision #3 . ) Page 11 : . Prepared By: C. Scoit
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RPP-RPT-37505, Rev. 0

Test Sheet Addendum

Test # ’ ' q Q - ? lz Readings

Sample # .ﬁsg [H(’“GQ 78

Eilar Eye Piece CCT #0224 3
75
Magnification 30 5‘ Avg.
inches/graduation OO Reading, * inches/ = Final Diameter,
graduations graduation in.

75 .00 | 78

Comments

A-161



RPP-RPT-37505, Rev. 0

Slow Strain Rate

Work Request/Test Information Form

Person Performing Test_~J o €. CQ ers (
Specual Hazards: & 5_‘6 C

F([M& Cesis_eﬂ;_ [ F/M\'E&aerrme) 7-i38g 0

Home Phone: 7\{0 S‘(/SJ 77L/7
Project Name:. /)'QES
Project Number: 5)//70 (SS\

R  TEST PARAMETERS
e TORT B Cde 13 7 rous 920 SSR System #: &
Materiatioe ___ 117G ExtensionRate___/ =& inkec  RPM: 17X
Sample # 25 R (196-70 Strain Rate: | E- 6 sec’ !

DATA ACQUISITION
Data File Name:_* (9%-20 Y T Stip Chart Scale: "'_\ Data Acquisition Computer #:
Data Channels,__ .S 1~ & Strip Chart Speed:_______ LVDT or Dial Gauge ID#; L
Tl:!-)c)&l (0 < SAMPLE ENVIRONMENT
———Tersomer W0 5 Soperxil e o Adsme — Rewencetisdods S CE
Initial pH: [ . i7 Temperature: 5- o ° C Free Corrosion Potential:_~ lg 2 mv
Final pH: [3 + Pressure: [Loom Applied Potential__— /OO0 _mv
Initial SPECIMEN DIMENSIONS Final
Overalt Length: 5.0 n  Measurement Devie (_al pel > ooy cng, 5.2 .
Gauge Mark Length:, , [ 73 3 in, DevicelD# / qq 7 Gauge Mark Distance: _AZL m
Gauge Diameter: e/ .2 L; in. : Gauge Diameter; o777
Cross Sectional Area;_y O | 07 Gn2  Machined Gauge Length: (<O © O Cross Sectional Area;_,©O0 Y6 S 7 in?
RESULTS & CALCULATIONS

Pro-Load: 7 Sl ibs. Max. Load / Q‘?L? Ibs. Time to Failure: [9 7 hd 7 S/ ;L.hrs.
Elongation =~/ 83— (733 Reducﬁonhm.crllo“l(qnoo‘lbg?n? Time to Falure: 29Y0 (7

% Elngaton = Elongation Jaz 18] )x100= 22.0 ... LI (007419 x100=6(¢‘1’%
Machined Gage Length (/000 ) nitial Cross Seckon Area { ¢ (22 )
uTs = o ot = (}67({) BI3YY s S/QEYVN‘!GM 10"=ZZIL106MP3
\nkiat Cross Secton area (B {2076 )
I

Visual: /l/(\') GA ﬁ‘wm‘,ﬁn Crack Mode:

Low Power (30X); Mo NAME:_Qldune Max. Crack Depth: mm
Metaliographic; N ATF £-20-0b Crack Velocity: mm/sec

Totplles 132S P<TA A TC /67D

ants; )1
B e L

Al

ﬁo//k(ﬂf

a4

TMWE condrol thilvre & .

st

oate:_ S/ 4/08

Project Leader's Signature: 4
QA 009 SSR Specimens, Tests, & Evaluation Date Approved: April 2006
Revision #3 Page 11 Prepared By: C. Scoft
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Test # ” Q(g\ 20
Sample # S_S({ ([%'70
Filar Eye Piece CCT # 0224

Magnification

SOk
inches/graduation 00 (

Comments

RPP-RPT-37505, Rev. 0

Test Sheet Addendum
Readings
A
77
Avg.
Reading, * inches/ = Final Diameter,
graduations graduation in.

A-163



RPP-RPT-37505, Rev. 0

Slow Strain Rate

Work Request/Test Information Form

" Person Performing Test; IOQ GJFS+

CaosTe

alH

p'Ztacnfbatemme) 2“"’ [ O Zmbsrhgalen’ lme)_ﬂl_l—,_

Home Phone: 7‘(0 -S-Yg 77“{7
Project Name: A (< ES
Project Number__ ST/ 7013 &

ABRT (28 F'sMLQf =

TEST PARAMETERS

A

Material___t> Testt_ (16 -7/ SSR System #;
Material lD#hu l (q 6 Extension Rate:. l 6 ~ é i'sec  RPM: / 7 ((
Sample #: SSK “?G"? [ Strain Rate: / E'e) sect
- DATA ACQUISITION

Data File Name: l B.(o* L[ 3 Q A Strip Chart Scale: Data Acquisition Computer #; 3
Data Channels; 15 £ (¢ Strip Chart Speed: LVDT or Dial Gauge ID#; _E

Trackios 102 SAMPLE ENVIRONMENT .
Test smuuonmf j0s Supeme;% css_- Neo L Reference Eleamdez_&
Initial pH: /31 7 Temperature,__ S O “C Free Comosion Potemial:_:&l\mv
Final pH: (3.4] Pressure__ (& O T Appiied Poteatal: ~ (O & mv

[nitial SPECIMEN DIMENSIONS ’
Overall Length: GO in  Messurement Device: sper Overall Length: Y. in.
GaugeMarkLength:[p(, & S in. DevicelD#, /917 Gauge Mark Distance,__ /< €315~
Gauge Diameter: / Z‘{ S in. X Gauge Diameter: L O E__in
Cross Sectional Aread [QLTY 2 Machined Gauge Length_[ 290 _in, Cross Sectiona Area: (00 {71 T in?
RESULTS & CALCULATIONS
Predoad; 7"5, fbs. Max. Load / 0 O Q Ibs. Time to Failure; é’b N © S{ hrs.
Elongation = I‘VQS“]; LS in. R -ninArea:Jﬂ7 3? s in? . Teme to Failure: Z‘l‘[ 9\9 Y. sec.
%oEiongoton= — = _(ASO) 23,0, Rewctonnaes  (,00T3857 o €075
Machined Gage Lengt  { [/ DOO) intal Cross Secson Area (#0127 Y )
Urs- Moxtow (Logé'( _¥203c . g2C3¢ saea0s 100-5C 8 Kopa
it Cross Secton asa (O ()
Visual; /[/ © gAAM E' ()ﬂ Crack Mode:
- Low Power (30X): Mo Max. Crack Depth: mm

Metallographic; DATE:__8-20+s Crack Velocity: mmvsec
commants: 0O S PSTAT 2UUS T Twuller 1325 T C Jo70

Project Leader's Signature;,

B/4/e&

Date:

QA 009
Revision #3

SSR Spedimens, Tests, & Evaluation
Page 11

A-164

Date Approved: April 2006
Prepared By: C. Sct_m



Test # 46 -2
Sample # Ay -7 /
Filar Eye Piece CCT # 0224

Magnification E Q g
inches/graduation O {

Comments

RPP-RPT-37505, Rev. 0

Test Sheet Addendum

Readings

&/

=
78
Avg.

Reading,
graduations

78

inches/
graduation

OO0 |

= Final Diameter,
in.

L07%

A-165



RPP-RPT-37505, Rev. 0

Slow Strain Rate
Work Request/Test Information Form

Person Performing Test:, S" QG e,‘§+ Home Phone: 7Yo 'Sh"/g 77q7

‘ Hazi" : QAVST‘ < Project Name: A{LE—'S
S TR Do 2-25 98 2140 projecttiumber__ S 1 | (OLS S
TEST PARAMETERS /
Materiar AART (¥ Gon ade g testt U{6~7 2 SSR System #: A
Material ID#: 46 Extension Rate____} £~ iwvsec  RPM; [2Y
sample #: . SS (S “qQ‘ 2% StainRate: LE‘Q sec”
DATA ACQUISITION }
Data File Name; M (} =~ 701 < DAT Strip Chart Scale: Data Acquisition Computer #:
Data Chamnets;___[S € (& Strip Chart Speed; ="~~~ LVDT or Dial Gauge ID#; _E
T eaddai~ g #(02_ SAMPLE ENVIRONMENT
Test Solution: AW {0 Swgﬁ’ J Gas: Xl Reference Electrode: S R
Initial pH:. (3 F Temperature: /} L K 50 & Free Corrosion Potential: —A/ C
Final pH: J_:{ s 31 Pressure: A 8O M Applied Potential: —\"S_CD_. mv
nitial SPECIMEN DIMENSIONS Final ‘
Overalliength: &SV g O Measurement DGWGG_CA_‘_‘.&S Overalt Length: ) in.
Gauge Mark Length: ( & Z pevicen#_/ ¥4 7 Gauge Mark Distance: ] (4’ n.
Gauge Diameter: O¢ l 2 S in. Gauge Diameter__'m__
Cross Sectional Area:_ Q{2 27 Z/In.z Machined Gauge Lengm:_&_ in- Cross Sectional Area —1&0—@— in.
RESULTS & CALCULATIONS
Pre-Load:; 7 5 Ibs. Max. Load ibs. Time {o Failure: _ (’ 0 < 7 ? hrs.
Elongation = ]564 "/LB 7 Reduction in Area:__, 0°7,5‘:t_:_é-;m.z . Time to Failure: 2/ SVXC/IC\ sec.
Y 15
... ... ( 225) ci00- 22, § et « _eSutonin Aen (ou?g@g&xwo Ao
Machined Gage Length (/ ogo) Initial Cross Section Area (,0122_72_

Urs =

Max. Load = (777 ) | Z?QI 5 psi 77(’/5 psl x 6.895 1o‘$c/____zq;idf’a

Inital Cross Section Area  { 10{2172)

o QA APPRIWED Crack Mode:

Visual:
Low Power (30X): K NAM E: Qletrine Max. Crack Depth;, mm
Metallographic: 4 DATE: 8-2003 Crack Velodity: mamvsec

E(_:}nin_ents: [ O&D S g?s[ktﬂ PST[‘}T 2/,5 7::3@7(/'0(/'9/‘#/325_
C_

L -/,
Project Leader's Signature: Date:, g/ 4/& g
QA 009 ' SSR Specimens, Tests, & Evaluation Date Approved: April 2006
Prepared By: C. Scott

Revision #3 Page 11
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Test# 9072
Sample # SSR [['{é ~7 2
Filar Eye Piece CCT # 0224
Magnification Sof
inches/graduation o0 {

Comments

RPP-RPT-37505, Rev. 0

Test Sheet Addendum

Readings

&
&

27

Avg.
Reading, *
graduations

72

inches/
graduation

00 (

= Final Diameter,
in.

L0707

A-167



RPP-RPT-37505, Rev. 0

Slow Strain Rate
Work Request/Test Information Form

Person Performing Test: :\—OQ th$+
f AUST‘ C Project Name: /,K& 200

ial - . -
AN ST erer 520 ARED G 1-20_7:0%  prjocttumver,_EL( 7015 5~

%PARAMEI'ERS 2

TES
“Material; AAQT [ ig '6\"’4/(95 Test #: / / é - 75( SSR System #;
Material ID#: / / ?Q Extension Rate:__/ <= (42 iv'sec  RPM: (7 4

Sampie #S‘S @/ 96"‘ 7% Strain Rate: / E- & sec”
DATA ACQUISITION
Data File Name:j_‘ Q(9‘7 3 'Y D‘q T Strip Chart Scale; == Data Acquisition Computer #; 3
Data Channels: /5 'f/ (0 Sty WSpeed: LVDT or Dial Gauge ID#: i 3 (/
TRACKLYS [OS .03 S“:}'i‘, oA CSAMPLE ENVIRONMENT .
Test Soition - BN 105 5 row g_ Reference Electrode: -5§ =
Initial pH:, v / 33 2 Temperature:, .6(\0 Q Free Corrosion Potential: ¢, / 7 . mV
Final pH; (5 = Pressure: Koo Applied Potential_— /00O  mv
Initial ' SPECIMEN DIMENSIONS Final

Overall Length: X t S in. Measurement Device:_Cn_&i‘ cpes Overall Length: AR in.
Gauge Mark Length:; f Vi 63 % in. Device ID#:__LZ_LL_ Gauge Mark Distance: / _?5 in.

Gauge Diameter: Py / 2 in. 00 Gauge Diameter: O 7 7 in..
Cross Sectional Area 200 { ] ( 6 § in? Machined Gauge Lengmi-[f&—— N, Crass Sectional Area_¢00Y65 7 in?

RESULTS & CALCULATIONS

Pre-Load; 75 fbs. Max_ Load /O/O ibs. Time to Failure: 62' 4/3 hes.

ElOﬂgaﬁm"I'yﬁ:/‘ 63 ‘/ in. R i -inAreaMln_z . Time to Fallure: "IZVU/ sec.

% Elongation = Elongaion = 201 )x100= 20. [ %  %Reduction= n Area G L) x100=63,2_2%
Mactined Gage Lorgts (/00 C) ) nial Cross Saction Area {,Of 266§ )

oroe Mot (JOI0) 79230 . TLI30 oymems 10 SV e
= wddesSoﬁmNu-(elZ%g—) -7 7 = 3—9&! - )

Home Phane. (Y@ S Y¥ T747

Visual: QA A WVE D Crack Mode:
Low Power (30X). NAME: (¢ tune Max. CrackDepth,____________mm

Metallographic: . & 008 Crack Velocity: mm/sec

nA
comments: 000 JL_ReticTor P_(‘h 2/IS (codrellor #/325“ TC

/:ll P
Project Leader’s Signature: M\'j - " Date: 3@/ ?

QA 009 SSR Specimens, Tests, & Evaluation Date Approved: April 2006
Revision #3 Page 11 Prepared By: C. Scott
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Test Sheet Addendum

Test # // 9(, - 73 Readings
Sample # 55@ “qge 73 ¥5
Filar Eye Piece CCT #0224 <

- 27
Magnification 30 Avg.
inches/graduation 00 Reading, * inches/ = Final Diameter,

graduations graduation in.

Comments

A-169
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Slow Strain Rate
Work Request/Test Information Form

Person Performing Test: S o G e S~f
i : Cavs { C
r'.ZFZC‘a' Péa;a : avs

Project Name:

Home Phone: 7‘{0 :‘/g 77“{7

ARES

o DaterTime) §-7-08 [0 (S zr}shgagnomg:uyﬂﬂ“og 730  Project Number__ 8170135

TEST PARAMETERS
Material: AART Lig 6.”!\11&6 Test #: /[QL‘Y(/ SSR System #: 9\
Material ID#: 196 ExtensionRate: 7 £ =& insec  RPM: 174
Sample #:,iSR ”q 6 - A Strain Rate: / £-6 sec”

DATA ACQUISITION
Data Fie Name:_| [96-74.04T Strip Chart Scale;____ == "

Data Acquisition Computer #: W
LVDT or Dial Gauge ID#:__z___

Data Channels.__ {9 1 $§p Chart Speed;__=~——"—~
? U: :2‘2; e f 6 & TRAC k;”g j‘ o3 SAMPLE ENVIRONMENT
ve Test Solution: W Gas: MNow~® Reference Electrade: SC— =
intialpH:___ ] 3,32 Temperature:; 50°C Free Corrosion Potential: ~ 28 7mv _
FinalpH:____| 3 ¥ Pressure: OO ™ Applied Potential:_— /00 mv
Inttial SPECIMEN DIMENSIONS Final

Overall Lengtte___ 58 . & in. Measurement Device: “. : Overall Length: 15" . 2 in,
Gauge Mark Length: in. DevicelD #'._llfl___ Gauge Mark Distance:_¢« 5 3 i in.

25
Gaugse Diameter: - g 2 (O in.

Cross Sectional Area 1 8 |2 YL in2  Machined Gauge Length:_L__l 000 i,

Gauge Diameter: .07 S in.

Cross Sectional Area:, 8¢ 1Y / ¥ _in?

Reduction in Area

Time to Failure; é/, 2 y hrs.
TimetoFaiue:_ 220 2.0 sec.

(;605¢s/ ) «100-6457

- RESULTS & CALCULATIONS
Pre-Load; 75 lbs.  Max Load /O ws
Elongation [ €34 ~1:62S i Reduction in Area:,${AYfe1-.004918 02
% Blongaton = Elongation _(1209 )x100= ZOIQ % %Reducton=

Mactined Gage Length  (£<BC © )

oot (fOI2 ) gL,

ksl Cross Section arsa { (O 246G )

XMLW <6895 10°=550.6 { wea

it Croms Socson Az {012 6 )
QA APPROYED

Visual; No Crack Mode;,

Low Power (30X); NAME:_CPasnn. Max. Crack Depth: mm
Metaliographic: DATE: &€ -a0-08 Crack Velocity: mmisec
commans: 000 ), fecicBor Teeluller 1325 PSIR21s  TC (670
C‘Aﬁc Qo W:( of Cop, mgffrfg[ A’f ,-;;L_'Efﬁﬁf mud cregite <ol L\i 5!2&53
Project Leader's Signature: ) B ‘ Date: 3 20,/ g .

QA 009 SSR Specimens, Tests, & Evaluation Date Approved: Apeit 2006
Revision #3 Page 11 Prepared By: C. Scott
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Test # i 2 Q‘é“? H
Sample # Séﬂll‘w‘?v

Filar Eye Piece CCT # 0224

Magnification 20X

inches/graduation G O (

Comments

RPP-RPT-37505, Rev. 0

Test Sheet Addendum

Readings

77
A

75

Avg.
Reading,
graduations

)5

*

inches/
graduation

00 |

= Final Diameter,
in.

075
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Slow Strain Rate
Work Request/Test Information Form

Person Performing Test: jﬂ/g K / Jak£ Home Phone; A [/~ %3 ”%0
C.A US{‘ C Project Name; ARCES ?‘SOS/

§pet:al' rds:,
St‘:xt((ga{:?me /400 % 14-6X Fiish (atertime); R-/508 445 prjectnumper_ FLL 2O135

TE PARAMETERS
Material: /}A@Tll?’GMJeG Test 796 ~ SSRSystemfk7é£,:“¥/ Q
PM: 124

Material iD#: _ / /q C‘D Extension Rate: Z F infsec
Sample #: 5SR 1196 ~'7_7 Strain Rate: / E -G sec”

DATA ACQUISITION
Data File Name;, ﬂq é 75 D 4 T Strip Chart Scale:, R —— Data Acquisition Computer #: 3
Data Chamnets__ | S 7-{& Strip Chart Speed;___ < LVDT or Dial Gauge ID#:
Trac ke §m3'109 X SAMPLE ENVIRONMENT
Test Soltion AW 05 s vﬁe/‘ﬂ'df’eas Moo e Reference Electrode: _S_C#
Initial pH: , 2+ Temperature: < 8] ¢ C Free Corrosion Potential; i_
Final pH: 13+ Pressure: /( O Applied Potential; __,Lmv
inttial SPECIMEN DIMENSIONS Final
Overall Length: %« Q in, Measurement MFiLﬂ——é_) cpel Overall Length: g' / in.
Gauge Mark Length:_{. 495 Device 1D #: / L Gauge Mark Distance: _LQ_CS_N‘_&
Gauge Diameter: l S o Gauge DramelenM in.
Cross Sectional Area__z O {12 Jm 2 Machined Gauge Length:_{ « 0 Oin. Cross Sectional Area:____———___in?
) RESULTS & CALCULATIONS
Pre-Load: 75 los. Max. Load '7 g{ Z, tbs. Time to Failure: 2—3‘ 6 3 hrs.
% Elongation = O 0 Reutioninaea —  n?  Tmewrawe_ LS0KE0
Elongation (O7Y) Reduction in Area ( —) —_—
% Elongation = = x100= Zc& - x100= %
Machined Gage Length ([c(g 00 ) % Redwton Inttis Cross Section Acse ( ~O{T LT 2)

ot C/EA (372 0 322 wems 10-l383 T

Inéiat Cross Sacsion aea (O (2.2.72)
QA APPROVED

Visual: N AM E: ()Q Crack Mode:
Low Power (30X): Max. Crack Depth: mm
Metallographic: DATE:__8-20vg Crack Velacity: mmisec

comments JOO N Res R Teodmller 1325 €1 15 1C /6D

S@.()Ei“ﬁ CorrOs (pnr NT L)v‘*t’&(( mvo{ oo’ (—-OVC"‘ I/L
No  Fieal Oumc er yor ewolro—'s* Javse marlq

Project Leader's Signature: é 4 % - X/ Zé/ g/

QA 009 SSR Specimens, Tests, & Evaluation Date Approved: April 2006
Revision #3 Page 11 Prepared By: C. Scott
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€L1-V

[ARES AN 107 Crack Growth Testing Y& Do~ T ~ced  Test# 119G Cl = 1 Project Name R ES ;xoosﬂ
specimen ({40 CT-171 Lab Computer 1 Project Number _§ ({70(35~
|Frame 4 Teont woller #1325 Fig Name 1196 CT 7. 04T Rues At FCP
- TC ® IS Setup File ARES d0O
Load Cell %!3 \ Test Solution 2 M NalJ0; startingpH (.S ph Prper Matorial A A RT 125 Ginde B
LVDT 19 Batch 2-B-0¢ EndingpH &S £H fFsee Materlal ID# __ //9
PSTAT | VD apfoss | Spec trmen ZsclaTed Awn
Temp.| Load, Current PotV Xhm atl Leads
Date Time C Ibs. Digp. In} Amps | PotDropV |ControlPDV| SCE istot, V Comments
100-0%]9:00 [Reom 338 | ~— 2001 [0003)7 |60029y| ~ | [FE€ P | Pry
J-0~08[{as50 | 50 [ 210, 9702/9.9% [ce0azia [wooaqo] — | 7 /o tw] Slled cell  Ti30
_‘L\(LFOX 350 50 (r?%/ $ 4239 | 1992 L0031 Lﬁool?i . - 5/&
2-1520¢ 1400 |SC |1 ( | 28431/1.96 [ Qo0 Jil [e029q] — | t 272
218041655 150 Iy | 2109 /19y 080 30< [0oeaey - 69
Q1406|330 [SO |36 294811999 [oovzyy loooggs | — - 70
‘ ~2~0% | 205 |30 [1560 |:2999 129 | 000315 | 000 27 - ~ 35
1221051715 150 pio [«3oo (114.95 |0ov31S |we0 286 -~ 72 A APPROVED
1228 | 730 5T ()83 [12023] 19,95 |0e0 35 boos 2€5 -7 & SRR
A-89-0% |1 /5 | SO 1183Y1,303 [10,01[,000336 000 A8C ~ (% A e —
33-o¢lg2 5[50 (183 1] 2052100 0y] 000 350].00028 T DATE. 6.5
2-5-0%|7 ) 5.-.0 1745 |: 3033 |40,93],000259| 000 285 — [ O
220817} 5 150 117993032 |d9.05),00427 (],060987 - 76
3-10 <%0 |50 1176030322003 [,0003¢7 w000 295 ~ (2 laded KO T, lae.
3-13-0¢ {200 {50 [1736], 303\ [AC:0R | 000 YO ¥ |ed) AgY 125 s
g0 1925 (SO 169513030 | 20,02 009 Y4 l|©W 35 ~E
2200 [l lo |59 [[682 13024130 020004 \] w0255 -~ [ 3
3-24 R (920 |90 [1565 | 301 [20-0% |-000506 | coo2fR
3o yleso [ So [ 1YY 3005 [26,03] 0005y [ 000n56 - 1% Ips PP were nit Rendin
P 1260¢ 220 (50 (14361025 [30.03 [1000 50k (0009« ~ 1/
B 91-0Y 715 |50 13294300 B, 03 [.e00 611 |00 28y = 673
J-3-0%1345 [ 5O]1[37]:30)6]a0102 .00 75090 29 606

7/
Project Manager M .

Date 8/2 (/ X

0 "A9Y ‘60SLE-1dd-ddd -



PLI-V

YO kst Q7$)> b Page
ARES AN 107 Crack Growth Testing Tost # CT | % Project Name &F S 400
Specimen LCT~| PSTAT “(_7\0‘10 LabComput; H-3 FLP Project Number _¥i(7013 5
Frame ki IccuTNNr" PYAY File Name 1H96CT~13:. DAY 398 my SLEAPP“C”( Pﬂ},u Al ou
TC #120] Setup Flle A S ooy
|Loadcen = QUT¥ Test Solution 1§ {0 { StartingpH [3 Material AaRT 12y rnd(
LVDT g { Batch  Tigckiis # 75  EndingpH MaterialD# [ (9 &
‘ PSTAT | V Drop across | Spec:ne s I‘SOHTP&
Temp.| Load, Current Pot V rso__ohm | a{l Lepds conducT/ue
Date Time c Ibs. Disp. In| Amps | PotDropV |Control PDV| SCE Resistor, V Comments
2~ {2-041 7:40 [Resa|36Y4 [.3787 |20.00 |pe0dst |0e0230 | ~ PDery
2-12-09] 255 1.50 | [ & NS48 120 00000307 |.eoo 24| 0.0 , A3 A | Folled cell ¢loF
;05335 |80 |77 [ 3757]2090 [ 1000 364 |eee o 2411 ] o L 0042 o;»lt legked had 1o
Remevd inshlallow add bedl Twgd aod [me dpplh hod [PSTAT &Y Tespornrily
Solotin Lol Wifs wET Lellow |specinelw, ﬁi bd molee  soliflor  RedfarTecd
- Jy-04 3 a5 158 lasa |3479(20,60 | 0039 |edoe 24y O 00Y I~ [TesTillor o reshat
2 |5 08|20 | S| 963 |, 3486[20.01 000214 [ 0002y | O L0056
~[§-05[ ¢SS5 |S0 [/02¢] 3586 P9.0 0 |.000317 10224 | O | d0eo | QA APPROVED
2100930 159 1733 53y | 1998 Lecoza loevads | 0 | w052 | wameap,
2-18 X R 10 58114 | 3669 | |92 03| [0-0m024( | oD | + O03F ! '
2808 | 745 150 11559 .1,3683{ 20,00 w00 31210602 | O . 002& DATE _8acur
2-22-0%]1 730 SO |1 768 1,3714 (2000 [:0003(2 [000290 | O LHOLE
1.260%<1 430 (50 R677 4129 {2000 [wov 815 {000 a | 0015 |pddod 2olif g Lugen
2-29-0F 1§55 SO |3068]:3374. 00 L 3 20 ¢ 002 s@'pm v loaded To 2793
2997|715 |50 Ngr7 [/3956 RO00 [0003)y |,000a & | 0o 12
3 32—00 925 |50 12326],285¢|20.:00 ), 080315 |00 24| O 0o | 2
o 740 150 810,385 [20:00]000315|00340] © | ootz |added geoal of sdiTew
S 1715 130 12¢q qL3¢5e 149,99 |wed (6 eeg2de| © | eccq [o~ 34
08 110050 KF2ed, 388 1{9.99 0003|2000 O o0 &
0¥ 2160 |50 124 7,385k 1494 [00021( Jwooas ¥ O ©0O06 ¥
79-5 50_[Rg2] [,5¥56 (19,49 [0 317 o2 | [ O |0 ¥

PrOJect Mahager

dF.

pate_Y2(/ §

0 'A9Y ‘S0SLE-1d¥-ddd
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Pace R

ARES AN 107 Crack Growth Testing
Specimen UQ(n CT l‘(

Test #

CT-(¥

Lab Computer

Project Name

Project Number I 70(3 S

TRE S 208%

Frame | File Name '
Setup Flle
Load Cell Test Solution StartingpH ____ Material
LVDT Batch Ending pH Material ID #
PSTAT | V Drop across
Temp.| Load, Current PotV [0Q ohm
Date Time C Ibs. | Disp. In| Amps { PotDropV |Control PDV| SCE Resistor, V Comments
3 ellosd| To TP 6 Y| Lbs
3405920 | o 3041 [.3877]19.99 |wod 3 ¢]emwayz | o 000 Al de soldl o
2-20-8€ /10 | SO|30221:3%75119-94 | c000 31, | 000 24 (o o002
18- 0 ¥9 30 | 5P 13000 |, 2979 |20.00 |, 0co(g | P00 242 ¢ Do 2/
~37-08 [, 50 [0 [3000 (3979 (1948 o0 319 |w023¥ | J | .81t
2.31-9§ 17145 | 5013017 1,389 100 0 0 | 10 00313 1000 24 0 L0015 | added colition '
SU0F 10 o5 31€51:3973120.0p (1900 207 les0A3D]| O (001 2 Tcoitwller mal foncton
Regpllncled | Tedp ephfure | Codholled #rreo wlth #1204 3
4-(-0y 1330 49 132871, 3¢ 30, 90] 000 399|.0029%] O x=xy ™
Tem pecAtoce| contlreller  Fallled Replacive| cablel + T WEW TCH /& 69
Y.3-0¢g ‘iE//) 49 128%3.), 2990 2000|000 215 to&o.}.s;; @) eolY
940y [720 | "9 [3009],397 1 1999 |iewo 371,000 23¢C o o0 | Q nAAEEBMD___
Y20¢]730 |44 1300%303¢76(/9.99 |wow3 (2|00 ] O | 00 (3 | ,aueen o
Y-308175s | 1 D10 [<F72000 [.000.21¢].00029(| O YYR) NAME Ctmee———
Yelboylios [H? [3019 [:3¢7¢ 200 t]oeodls | 00040 o | 00D DATE 2200
-19-081855 (4G 29,9 |.2¢63 RO 0002 1% 000240 | © (00O
Ys50% |[200 99 {as78] 3¢y [Dow 2 Lo 3 1< 000 a4V © wo (0 | pdded GO mls
{-17-081 5O [T1 Ra2d 3¢5 1|20, 00] 000320 [oos 23| & | (00 2% |
‘f‘ll 04| 40 14 q.”\ (3%¥ 220 (09 000 3 17000 A39 0 co ({ Compyler  down
LEZQ*‘OKS!J\{ Hj 199Y [ 387 2120,0¢9 1009 31q | eouz Yl Q) 00 13 O-GM‘w“hf dpwt palic
Y~d3-05] 2 oo | G0 |2ua€], 38810 0 [000 317 ] 0003 ] @ (09 1 | compu]es dous
Y-35-04] 730 |50 (236G |/ 3%83 [go.0( [000 319 [e80a40 | © | 8909

Project Manager M

Date ('5(2/[ g

0 'A9Y ‘S0SLE-1dd-ddd
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(}Aj e

ARES AN 107 Crack Growth Testing Test # k4 Project Name _ /4 /=D JO0K
specimen (4L CT 1Y Lab Computer Project Number §/(76(3.%
Frame [ Flle Name
Setup Flle
Load Cell Tast Solution StartingpH ___ Material
LVDT Batch Ending pH Material ID #
PSTAT | V Drop across
Temp.| Load, Current PotV ohm
Date Time c Ibs, | Disp. in| Amps | PotDrop V {Control PDVI SCE Resistor, V Comments
oL 0% 7is |50 (248 3¢5 |20.00 L0000 39l 24 ( | O o0&
S5-2-04195% |50 29591388 3| 200|003 1§ | 202Y( U 0O | [ pdded &0 (T soluTiol
S5 05 705 |sp 172956 |/ 3993|000 | woo 379 | a0 2¢l | O  0ooq
S¢-6%13 30 |50 (2910 [,3¥5 0,00 [©00R(q |00 26| © (o010
S$-¥-o05| 50| 40 13063 LS §F&2\20 006 |00 31 | 000239 o oY ¢ QAWUVED—-
S3-6%] 720 |50 |2455].3¥¥2|20 00| 080370 |80 236 | © 00057 NAME' (0w
Sq-0§ |F 05|50 [199( 2883 R0 ot | w0220 | wed3e | © | oy | oaxe.  passe
o8] pU YT [Joo3] S¥¢2b0 .0 Loooi9],000229] & wook | UATE
19-0¥% (3 SO | LU | 28771 ] 39¥5 |0 2 000326 [000 20| O cO®0"7
L2705 | 700 [$O |20(€|:3883120,.01 joovZ2 |00l (]| O L0 39 pdde  soqal ol
g1l | (3006|3880 tzo‘u (liooer3(w | pooz3ss| o 23
~30-9&| 720 2462 1,855 20 ,0p |1000 322,000 291 | O , D607 A
63-0%]755 1§00 3000 ].39¢2[20 c0 Jwov322 {00014 © 00 (2
(~9o%| ¥ OISO [3alp|3%%4 20,92 ] 000372 3]i0002 1 | © 10007
e-i30¢ 7J0 |50 o1« 3¢¢5 [20.00 [,00s 3 23 Loes 241 | O 000 ¢ | added solotiors
=~%| 770 34761,38%9 |20.0( |000g2 |80 22| O | L eooS
L-14° | 55 |50 (8954 |, 380 [apas | Poo3Y 00024 | 0 | oooy
623 1705150 129911-2811 29,0t 000322 11000 240 | © o0 |
oo 730 &0 [2979 [.3%9( |00 ( |02 |0 2({ | o 00035
(-7 765 | 5O |30 [,3¥87 [0.0) [#00323 [i0ss 240 | p 0013  [Power of}s ew 26 ¥2E
6-30 16 (50 [3014]:3%90 BO.02 |ee0 32 D3l000 2] o 600 E
-1 1100 |80 [zeol | 33¢¢ 2900 33 aiol| O P00 o~

;/( .
Project Manager ___,% .

Date &2{( g

0 "A9Y ‘G0SLE-1dd-ddd
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P/lyg 4

IARES AN 107 Crack Growth Testing Test # CT 15 Prbject Name _AKES 2o6¢
Specimen ”c((¢ Ay "‘ Lab Computerj Project Number §7/ 70! 3,5
Frame { File Name
Setup File :
Load Caell Test Solution StartingpH ___ Material
LVDT Batch Ending pH Material ID #
PSTAT | V Drop across
Temp.| Load, Current PotV ohm
Date Time C Ibs, Disp. In| Amps | PotDropV [Control PDV]| SCE Resistor, V Comments
7-3.0¥ 239 |50 |300 |, 3881 | 20.0%| WU AY 000 24/ o 0005 | alled sluTcond
7-§-0g(3s0 SO |2%97],3550 200210037 [Lee02d ([ O | 008
770 [230 | 5D |2005 [:Z¥1[20,83]we329 0002¢)] O L0007
2~(4-0x(¥ (S 160 |29 | R¥8 2002 ez 72| ,awe2vo] o 080 &
27 635 | o Boo¥ [12887 | Ag.03 | .000329 [ 0002357 & 0000 G
/=L R 50| 50 R0 |3y 4] 2003, 00 100074/ ¢ oo 3
7-25 [ 720 | 85U 299, 3585 | 20,01 | 000 323 000 2y 0 , 90Q $™
%‘/ 400 |SD |3213 [, 33957 X,0 2| 000 T73] 008 2¢(( < L 000 2. |CempUler Down ov St Hesef
d~1 |985 [S0 (2099 |.5¥0 [20,03]000 323 000240] O | ,e00 5 | pdded <o (Stiwe
G-l /015 (50 298| 3487300\ [eez3y [ oy | O | o008
9123 (736 (501298 [ Bsve 1000324 02l & | 00 S ,
=)& |[] 20 S8 R379 | 3946 R0.93].6008A |00 | © [ 003 S™ | T ake o
P o AN\ \ﬁP‘ (
e ZARS s QA-APPROVED |
a // Cfé NAME O~ —
DATE, e

Project Manager M .

Date ‘é)Q/Z&_

0 A9 ‘S0SLE-LdY-ddd
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APPENDIX B

CYCLIC POTENTIODYNAMIC POLARIZATION (CPP) TESTING DATA
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Table B-1. A Summary of Electrochemical Tests Performed in

AP105-PSC Based Simulants.

Base NO; | NOy TIC OH cr F T Aeration R . Sample ID

Chemistry | PH | oy | o | o | o | oy | o | Q) | condition Testing type Visual (EL1196-)

AP105-PSC | >13 | 027 | 358 | 0326 | 0176 | 0.03 | 0.009 | 50 N2 CPP No pitting 54
sparging Full immersion

APIOSPSC | >13 | 027 | 358 | 0326 | 0.176 | 0.03 | 0.009 | 50 N2 CPP No pitting 60
sparging Full immersion

API05-PSC | >13 | 027 | 358 | 0326 | 0176 | 003 | 0.009 | 50 N2 Potentiostaticat 0 | 4 piting 63
sparging mV

AP105-PSC | >13 | 027 | 358 | 0326 | 0176 | 0.03 | 0.009 | 50 Nz CPP Crevice 64
sparging Full immersion corrosion

API05-PSC | >13 | 027 | 358 | 0326 | 0176 | 003 | 0009 | 50 N Potentiostatic at 0 Crevice 65
sparging mV corrosion
. Potentiostatic at 0 Severe attack at

AP105-PSC | >13 | 027 | 358 | 0326 | 0.176 | 0.03 | 0000 | so | Quiescent mV, half solution/vapor 66
ar immersion interface
. Potentiostatic at 0

AP10S-PSC | >13 | 06 | 358 | 0326 | 0176 | 003 | 0.000 | so | Quiescent mV, half Corrosion** 72
ar immersion
N Potentiostatic at 0

AP105-PSC | >13 | 027 | 358 | 0326 | 0.176 | 0.03 | 0009 | 50 2 mV, half Corrosion** 73
sparging immersion

AP105-PSC | >13 | 027 | 358 | 0326 | 0.176 | 003 | 0009 | 50 | Quiescent CPP Corrosion 75
air Half immersion
. Potentiostatic at 0

AP105-PSC | >13 | 027 | 358 | 0326 | 0.176 | 0.03 | 0.009 | Room | Quiescent mV, half Corrosion** 76
ar immersion
. Potentiostatic at

API0SPSC | >13 | 027 | 358 | 0326 | 0.176 | 0.03 | 0.000 | s0 | QuieSCent |40 mVvs. OCP, Corrosion** 77
ar half immersion

AP105-PSC | >13 | 027 | 358 | 0326 | 0176 | 003 | 0.009 | Room | Quicscent CPP No pitting 81
air Full immersion
. Potentiostatic at 0

AP105-PSC | >13 | 027 | 358 | 0326 | 0.176 | 003 | 0.009 | 50 | Quiescent mV Minor corrosion 91
air Half immersion
R Potentiostatic at 50

API05-PSC | >13 | 027 | 358 | 0326 | 0176 | 0.03 | 0.009 | Room | Quicscent mV vs. OCP Corrosion 92
ar Half immersion

APIOS-PSC | >13 | 0 | 385 | 0326 | 0176 { 0.03 | 0009 | 50 N, CPP Pitting 93
sparging Full immersion
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Figure B-1. The CPP Curve in Deaerated AP105-PSC Simulant (T= 50°C and
pH>13).

(a) (b)

0.8

—o— AP105-PSC, pH>13, T=50°C —— AP105-PSC, pH>13, T=50°C
0.6

04l 06 -

e

0.2}

0.0F

E (V vs. SCE)
S

v

04

i (Alem?) 10° 10° 10* 10°

i (Alem®)

Figure B-2. A Comparison of CPP Curves in Deaerated AP105-PSC Simulant
at Different Nitrite and Nitrate Concentrations (pH=13+, T=50°C)

0.8
L AP105-PSC, pH=13+, T=50°C
0.6 | —=— Half immersion, quiescent ,’:/4
L —o— Fullimmersion, N, purging W s
04 |
w02}
O
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g o00f
b
w 0.2 |-
04|
-0.6 |-
8 aal al aal o | aal ree | e |
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Figure B-3. Sample Appearance after CPP Testing in
AP105-PSC Simulant at Quiescent Condition (pH=13+, T=50°C)

—
200 mm

Solution line Bk

Figure B-4. The Current Density as a Function of Time when the Partially
Immersed Sample Was Held at 0 mV vs. SCE (AP105-PSC, pH>13,
T=50°C, Quiescent Condition).
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0.001 -
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Figure B-5. The Sample Appearance after 50 Hours of Potentiostatic Testing at
0 mV vs. SCE in the AP105-PSC Simulant (pH>13, T=50°C, Quiescent
Condition).
(a) Corrosion at Solution/Vapor Interface;
(b) Corrosion on the Portion above the Solution/vapor Interface.

(a) (b)

(b)

Figure B-6. The Current Density as a Function of Time When the Fully Immersed
Sample Was Held at 0 mV vs. SCE in AP105-PSC Simulant (T=50°C,

pH>13).
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Figure B-7. A Comparison of the Current Density as a Function of Time in the
Potentiostatic Tests Conducted in AP105-PSC Simulants with Different
Nitrite Concentrations at 50°C and Quiescent Conditions.

. f AP105-PSC, pH=13+
10 —4— 0.6 M nitrite, quiescent, 50°C, 0 mV vs. SCE
10° f —— 0.27M nitrite, quiescent, 50°C, 0 mV vs. SCE
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Time (hrs)

Figure B-8. The Sample Appearance After Potentiostatic Test at 0 mV (vs. SCE)
in the AP105-PSC Simulant with 0.6 M Nitrite for 50 hours (Sample
Partially Immersed) at S0°C.
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Figure B-9. A Comparison of the Current Density as a Function of
Time in the Potentiostatic Tests Conducted at 0 mV (vs. SCE) in
Quiescent and Nitrogen Purged AP105-PSC Simulants at 50°C.

. F AP105-PSC, pH=13+
10 I' < 0.27M nitrite, Nz purging, 50°C, 0 mV vs. SCE

10°  —0—0.27M nitrite, quiescent, 50°C, 0 mV vs. SCE
10" r

F
r
r M
10° r v
10°
4
F
’
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8&

107 1 1 1 1 1
0 10 20 30 40 50

Time (hrs)

Figure B-10. The Sample Appearance after Potentiostatic Test at 0 mV (vs. SCE)
in Deaerated AP105-PSC Simulant for 50 hours (Sample Partially
Immersed) at 50°C.
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Figure B-11. A Comparison of the Current Density as a Function of Time in the
Potentiostatic Tests Conducted in AP105-PSC Simulants at 0 mV (vs. SCE)
and 100 mV (vs. OCP) (50°C, Quiescent Condition).

.F AP105-PSC, pH=13+
10°F —o—0.27M nitrite, quiescent, 50°C, 0 mV vs. SCE
10° > 0.27M nitrite, quiescent, 50°C, 100 mV vs. OCP
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Figure B-12. The Sample Appearance after Potentiostatic Test at 100 mV (vs.
OCP) in the AP105-PSC Simulant for 50 Hours (Sample Partially
Immersed) at S0°C.
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Figure B-13. A Comparison of CPP Curves in Deaerated AP105-PSC Simulant
at Different Nitrite and Nitrate Concentrations (pH=13+, T=50°C).

08
AP105-PSC, pH=13+, 50°C, N, purging
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Figure B-14. The Sample Appearance after CPP Testing in Deaerated
AP105-PSC with 0 M Nitrite and 3.85 M Nitrate (pH=13+, T=50°C).
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Figure B-15. A Comparison of the Current Density as a Function of Time in the
Potentiostatic Tests Conducted in Different Conditions. (a) Room T vs.

i (Alem?)

&

107 F

50°C;

(b) 0 mV (vs. SCE) vs. 50 mV (vs. OCP) at Room T.

(a) Temperature effect
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Figure B-16. A Comparison of the Sample Appearance after Potentiostatic
Testing in AP105-PSC Simulant at Different Potentials (Under Quiescent
Condition, Room Temperature). (a) 0 mV vs. SCE; (b) 50 mV vs. SCE (-

160 mV vs. SCE).

(b)

(a)

Figure B-17. A Comparison of the CPP Curves Obtained with and without
Using a Crevice Former (AP105-PSC, pH>13, T=50°C)

0.8
AP105-PSC, T=50°C, pH>13
—— Standard CPP

0.6 -
----- CPP with crevice

0.4 4
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Figure B-18. The Crevice Assembly of the CPP Sample (a) and the Sample
Appearance at the Crevice Section after CPP Testing in AP105-PSC
Simulant (b) (pH>13, T=50°C).

(a

“I
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Figure B-19. The Current Density as a Function of Time When the
Sample with a Crevice Former Was Polarized to 0 mV vs. SCE
(AP105-PSC, pH>13, T=50°C, Deaerated Condition).
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Figure B-20. The Sample Appearance at the Crevice Section after
Potentiostatic Test at 0 mV vs. SCE in AP105-PSC Simulant for
50 Hours (pH>13, T=50°C, Deaerated Condition).
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Figure B-21. A Comparison of the CPP Curves Obtained in the AP105-PSC
Simulant under Different Aeration Conditions Using Fully Immersed

Samples.
0.8
I AP105-PSC, T=50°C
0.6 - —o— Quiescent air ?/;
- —©—N,sparging B
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Figure B-22. The Pits on the Samples Tested in the AP105-PSC
Simulant under Quiescent Conditions and at 50°C (Ph=13+).
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Figure B-23. The Corrosion Rate of the Samples Exposed to AP105-PSC
at Different Conditions to Investigate the Interface Corrosion.
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Figure B-24. The Appearance of the Sample (a, b) and the Cross Section
of a Corroded Site (c) after Exposed in AP105-PSC at Quiescent Condition
(Sample Partially Immersed, T=50°, EL.1196-83).

(a)

(b)
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Figure B-25. The Appearance of the Sample after Exposed in AP105-PSC Purged
with Zero Air (Sample Partially Immersed, No CO,, T=50°, EL1196-84)

(2)

(b)

Figure B-26. The Appearance of the Sample after Exposed in AP105-PSC
Purged with Ar (Sample Partially Immersed, T=50°, EL.1196-85).

(2)
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Figure B-27. The Appearance of the Sample after Exposed in AP105-PSC Purged
with N; (Sample Partially Immersed, T=50°, EL1196-86).

(a)

B-18



RPP-RPT-37505, Rev. 0

Figure B-28. The Appearance of the Sample (a, b) and the Cross Section
of a Corroded Site (c) after Exposed in AP105-PSC at Quiescent Condition
(Sample Partially Immersed, Room T, EL1196-97).

(a)

B-19
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Figure B-29. The Appearance of the Sample after Exposed in AP105-PSC.
The Head Space of the Cell Was Purged with Zero Air (No CO,,
Sample Partially Immersed, T=50°, EL1196-94).

(a)

(b)

Figure B-30. The Appearance of the Sample after Exposed in AP105-PSC. The
Head Space of the Cell Was Purged with Ar (Sample Partially Immersed,
T=50°, EL1196-95).

B-20
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Figure B-31. The Appearance of the Sample after Exposed in AP105-PSC. The
Head Space of the Cell Was Purged with N, (Sample Partially Immersed,
T=50°, EL1196-96).

(b)

Table B-2. The pH Values of the Simulant after the Long Term Immersion Tests.

Exposed sample Solution pH after test
EL1196-83 13.28
EL1196-84 13.23
EL1196-85 13.32
EL1196-86 13.21
EL1196-97 13.32
EL1196-94 13.4
EL1196-95 13.44
EL1196-96 13.38
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Table B-3. A Summary of Electrochemical Test Performed in SY103-PIL Based Simulant.

Base H NO; NO;y TIC OH Cr F : Aeration Visual Sample ID
Chemistry P M) M) ™M) ) M) (M) (°O) condition (#EL1196-)
SY103-PIL | >13 | 2091 1.97 | '0.123 243 0.5 0 50 N, sparging No pitting 89

Figure B-32. A CPP Curve in Deaerated SY103-PIL Simulant (pH>13 and T=50°C).

0.8
T=50°C, N, purging

0.6 }—2— SY103-PIL, pH=13+ (EL1196-89)
04 |

0.2 |-

E (V vs. SCE)
o
o

02} f
0.4 |
06 |
0.8 e sl ot ¥ ok d ud . .
10" 10® ¥ 10* 1" 10* 1w W0t W Ap*

i (A/em?)

Table B-4. A Summary of Electrochemical Test Performed in AW105 Based Simulant.

Base H NO;, NO; TIC OH Cr F T Aeration Testin & Visual Sample ID
Chemistry | P o o | o | oy | o | o | o) | condition g typ (HEL1196-)
AWI105-PIL | >13 | 0.124 | 0419 | 0097 | 04502 | 001 | 058 | 50 N> SE e 90
sparging Full immersion pitting
AWI105-PSC | >13 | 00638 | 044 | 0.1076 | 0.2630 | 0.0083 | 0.156 | 50 N2 GO o 108
sparging Full immersion pitting

B-22
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Figure B-33. A CPP Curve in Deaerated AW105-PIL Simulant (pH>13 and T=50°C).
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Figure B-34. A CPP Curve in Deaerated AW105-PSC Simulant (pH>13 and T=50°C).

E (V vs. SCE)
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L 50°C, N, purging
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Table B-5. A Summary of Electrochemical Test Performed in AZ102 Based Simulant.

Base H NO; | NOy TIC OH cr F T Aeration Testing type Visual Sample ID
Chemistry | P o | o [ o o | o | | O | condition e (#EL1196-)
Az102 | >12 | 0883 | o0.105 | 0619 | - - loos2| 7 N I s 103

sparging Full immersion pitting

B-23




Figure B-35. A CPP Curve in Deaerated AZ102 Simulant (pH>12 and T=77°C).

E (V vs. SCE)
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Table B-6. A Summary of Electrochemical Test Performed in SY101 Based Simulant.

Base H NO; NO;y TIC OH Ccr F T Aeration Testin a Visual Sample ID
Chemistry | P M) o | om | o | op | v | €0 | condition g tyP (#EL1196-)
SY101 >13 | 02027 | 0.9313 | 0.1328 | 0.6555 | 0.0228 | 0.0277 | 50 N> CEP HNo 109
sparging Full immersion pitting

Figure B-36. A CPP Curve in Deaerated SY101 Simulant at pH 13+ and 50°C.
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Table B-7. A Summary of Electrochemical Test Performed
in AY101-CSL Based Simulant.

Base NO; NO; TIC OH Cr F T Aeration < h Sample ID

Chemistry | PH | on | op | on | o | o | oy | ) | condition | TeStmEOYPE | Visual | oy i196-)
¥ N CPP "
AY101-CSL | 11.82 | 0.0368 | 0.181 | 0.1474 | 0.0051 | 0.0064 | 0.0015 | 50 sparging | Full immersion | Piti"8 11
AY101-CSL | 12.82 | 0.0368 | 0.181 | 0.1474 | 0.0051 | 0.0064 | 0.0015 | 50 N il Blo 12
- - ) 3 ) ; ’ sparging Full immersion Pitting
Na CPP No
AY101-CSL | 11.82 | 0.0368 | 0.181 | 0.1474 | 00051 | 00064 | 00015 | Room | b | piercion | pitting 113
AY101-CSL | 123 | 0.0368 | 0.181 | 0.1474 | 0.0051 | 0.0064 | 0.0015 | 50 N2 o Pitting 115
sparging Full immersion

Figure B-37. A Comparison of CPP Curves in the Deaerated
AY101-CSL Simulant at Different pH and Temperature Levels.
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Figure B-38. The appearance of the sample after CPP test in the deaerated AY101-
CSL simulant at 50°C and pH 11.82. (a) before cleaning; (b) after cleaning

(a)

Figure B-39. The appearance of the sample after CPP
test in AY101-CSL at pH 12.3 and 50°C.

(2) (b)
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APPENDIX C

SLOW STRAIN RATE TEST DATA AND MICROGRAPHS
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Figure C-1. The Stress-Strain Curve from SSRT 47 Performed in AN107 Standard
Simulant at 50°C, pH 11 and at -740 mV vs. SCE.
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Figure C-2. A Stereo-Micrograph of the Sample from SSRT 47 Performed in AN107
Standard Simulant at 50°C, pH 11 and at -740 mV vs. SCE.
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Figure C-3. An Electron-Micrograph of the Fracture Surface from SSRT 47 Performed in
AN107 Standard Simulant at 50°C, pH 11 and at -740 mV vs. SCE.

SSR1196-47_1kx
MAG: 1000 x HV:150kV WD: 15.0 mm
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Figure C-4. The Stress-Strain Curve from SSRT 48 Performed in AN107 Standard
Simulant at 77°C, pH 11 and at -765 mV vs. SCE.
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Figure C-5. A Stereo-Micrograph of the Sample from SSRT 48 Performed in AN107
Standard Simulant at 77°C, pH 11 and at -765 mV vs. SCE.
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Figure C-6. An Electron-Micrograph of the Fracture Surface from SSRT 48 Performed in
AN107 Standard Simulant at 77°C, pH 11 and at -765 mV vs. SCE.

SSR1196-48_1kx
MAG: 1000 x HV:15.0kV, WD:15.0 mm
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Figure C-7. The Stress-Strain Curve from SSRT 49 Performed in AN107 Standard
Simulant at 77°C, pH 13+ and at -790 mV vs. SCE.
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Figure C-8. A Stereo-Micrograph of the Sample from SSRT 49 Performed in AN107
Standard Simulant at 77°C, pH 13+ and at -790 mV vs. SCE.
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Figure C-9. An Electron-Micrograph of the Fracture Surface from SSRT 49 Performed in
AN107 Standard Simulant at 77°C, pH 13+ and at -790 mV vs. SCE.

SSR1196-49_ 1kx
MAG: 1000 X HV: 15.0 kV
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Figure C-10. The Stress-Strain Curve from SSRT 50 Performed in AP105-PSC
Standard Simulant at S0°C, pH 13+ and at 0 mV vs. SCE.
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Figure C-11. A Stereo-Micrograph of the Sample from SSRT 50 Performed in
AP105-PSC Standard Simulant at 50°C, pH 13+ and at 0 mV vs. SCE.
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Figure C-12. An Electron-Micrograph of the Fracture Surface from SSRT 50 Performed
in AP105-PSC Standard Simulant at 50°C, pH 13+ and at 0 mV vs. SCE.

1196-50_1000x -
MAG* 1000 x ). HV: 20.0kV. WD: 15.0mm
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Figure C-43. The Stress-Strain Curve from SSRT 51 Performed in AP105-PSC Standard
Simulant at 50°C, pH 13+ and at OCP (-249 mV vs. SCE).
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Figure C-14. A Stereo-Micrograph of the Sample from SSRT 51 Performed in AP105-PSC
Standard Simulant at 50°C, pH 13+ and at OCP (-249 mV vs. SCE).

—

2.00 mm

C-10



RPP-RPT-37505, Rev. 0

Figure C-15. An Electron-Micrograph of a Secondary Crack in the
Shaft of SSRT 51 Performed in AP105-PSC Standard Simulant
at 50°C, pH 13+ and at OCP (-249 mV vs. SCE).
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Figure C-16. The Stress-Strain Curve from SSRT 52 Performed in AP105-PSC Standard
Simulant at 50°C, pH 13+ and at OCP (-289 mV vs. SCE).
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Figure C-17. A Stereo-Micrograph of the Sample from SSRT 52 Performed in AP105-PSC
Standard Simulant at 50°C, pH 13+ and at OCP (-289 mV vs. SCE).
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Figure C-18. An Electron-Micrograph of the Fracture Surface from SSRT 52 Performed
in AP105-PSC Standard Simulant at 50°C, pH 13+ and at OCP (-289 mV vs. SCE).

1196-52_750x '
MAG: 750 x  HV: 20.0 k" WD 46.0

C-13



RPP-RPT-37505, Rev. 0

Figure C-19. The Stress-Strain Curve from SSRT 53 Performed in AP105-PSC Standard
Simulant at 50°C, pH 13+ and at 0 mV vs. SCE.
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Figure C-20. A Stereo-Micrograph of the Sample from SSRT 53 Performed in AP105-PSC
Standard Simulant at 50°C, pH 13+ and at 0 mV vs. SCE.
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Figure C-21. An Electron-Micrograph of the Fracture Surface from SSRT 53 Performed
in AP105-PSC Standard Simulant at 50°C, pH 13+ and at 0 mV vs. SCE.
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Figure C-22. The Stress-Strain Curve from SSRT 54 Performed in AP105-PSC Standard
Simulant at 50°C, pH 13+ and at 0 mV vs. SCE.
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Figure C-23. A Stereo-Micrograph of the Sample from SSRT 54 Performed in AP105-PSC
Standard Simulant at 50°C, pH 13+ and at 0 mV vs. SCE.
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Figure C-24. An Electron-Micrograph of the Fracture Surface from SSRT 54 Performed
in AP105-PSC Standard Simulant at 50°C, pH 13+ and at 0 mV vs. SCE.

1196-54_500x
MAG: 500 X
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Figure C-25. The Stress-Strain Curve from SSRT 55 Performed in SY103-PIL Standard
Simulant at 50°C, pH 14 and at OCP (-424 mV vs. SCE).
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Figure C-26. A Stereo-Micrograph of the Sample from SSRT S5 Performed in SY103-PIL
Standard Simulant at 50°C, pH 14 and at OCP (-424 mV vs. SCE).
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Figure C-27. An Electron-Micrograph of the Fracture Surface from SSRT 55 Performed
in SY103-PIL Standard Simulant at 50°C, pH 14 and at OCP (-424 mV vs. SCE).

1196-85_1kx
MAG: 1000 x HV:200kV WD:150mm
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Figure C-28. The Stress-Strain Curve from SSRT 56 Performed in AW105-PIL Standard
Simulant at 50°C, pH 13+ and at OCP (-290 mV vs. SCE).
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Figure C-29. A Stereo-Micrograph of the Sample from SSRT 56 Performed in AW105-PIL
Standard Simulant at 50°C, pH 13+ and at OCP (-290 mV vs. SCE).
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Figure C-30. An Electron-Micrograph of the Fracture Surface from SSRT 56 Performed
in AW105-PIL Standard Simulant at 50°C, pH 13+ and at OCP (-290 mV vs. SCE).
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Figure C-31. The Stress-Strain Curve from SSRT 57 Performed in SY103-PIL

RPP-RPT-37505, Rev. 0

Standard Simulant at 50°C, pH 14 and at 0 mV vs. SCE.
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Figure C-32. A Stereo-Micrograph of the Sample from SSRT 57 Performed in
SY103-PIL Standard Simulant at 50°C, pH 14 and at 0 mV vs. SCE.
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Figure C-33. An Electron-Micrograph of the Fracture Surface from SSRT 57 Performed
in SY103-PIL Standard Simulant at 50°C, pH 14 and at 0 mV vs. SCE.
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Figure C-34. The Stress-Strain Curve from SSRT 58 Performed in AW105-PIL
Standard Simulant at 50°C, pH 13+ and at 0 mV vs. SCE.
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Figure C-35. A Stereo-Micrograph of the Sample from SSRT 58 Performed in
AW105-PIL Standard Simulant at 50°C, pH 13+ and at 0 mV vs. SCE.

C-24



RPP-RPT-37505, Rev. 0

Figure C-36. An Electron-Micrograph of the Fracture Surface from SSRT 58 Performed
in AW105-PIL Standard Simulant at 50°C, pH 13+ and at 0 mV vs. SCE.
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Figure C-37. The Stress-Strain Curve from SSRT 59 Performed in AP105-Evaporated
Simulant at 50°C, pH 13+ and at OCP (-510 mV vs. SCE).
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Figure C-38. A Stereo-Micrograph of the Sample from SSRT 59 Performed in AP105-
Evaporated Simulant at 50°C, pH 13+ and at OCP (-510 mV vs. SCE).
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Figure C-39. An Electron-Micrograph of the Fracture Surface from SSRT 59 Performed
in AP105-Evaporated Simulant at 50°C, pH 13+ and at OCP (-510 mV vs. SCE).
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Figure C-40. The Stress-Strain Curve from SSRT 60 Performed in AP105-PSC Simulant
at 50°C, pH 13+ and at OCP (-277 mV vs. SCE). Tested to UTS and stopped.
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Figure C-41. A Stereo-Micrograph of the Sample from SSRT 60 Performed in AP105-PSC
Simulant at 50°C, pH 13+ and at OCP (-277 mV vs. SCE). Tested to UTS and stopped.
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Figure C-42. A Stereo Micrograph of the Liquid / Vapor Interface Region
from SSRT 60 Performed in AP105-PSC Simulant at 50°C, pH 13+ and
at OCP (-277 mV vs. SCE). Tested to UTS and stopped.
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Figure C-43. The Stress-Strain Curve from SSRT 61 Performed in AZ102
Simulant at 77°C, pH 12+ and at OCP (-239 mV vs. SCE).
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Figure C-44. A Stereo-Micrograph of the Sample from SSRT 61 Performed in AZ102
Simulant at 77°C, pH 12+ and at OCP (-239 mV vs. SCE).
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Figure C-45. An Electron-Micrograph of the Fracture Surface from SSRT 61 Performed
in AZ102 Simulant at 77°C, pH 12+ and at OCP (-239 mV vs. SCE).
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Figure C-46. The Stress-Strain Curve from SSRT 62 Performed in AP105-Evaporated
Simulant with Nitrite/Nitrate ratio of 0.1 at 50°C, pH 13+ and at OCP (-333 mV vs. SCE).
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Figure C-47. A Stereo-Micrograph of the Sample from SSRT 62
Performed in AP105-Evaporated Simulant with Nitrite/Nitrate
ratio of 0.1 at 50°C, pH 13+ and at OCP (-333 mV vs. SCE).
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Figure C-48. An Electron-Micrograph of the Fracture Surface from SSRT 62
Performed in AP105-Evaporated Simulant with Nitrite/Nitrate
ratio of 0.1 at 50°C, pH 13+ and at OCP (-333 mV vs. SCE).
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Figure C-49. The Stress-Strain Curve from SSRT 63 Performed in AP105-Mixed Simulant
with Nitrite/Nitrate ratio of 0.1 at 50°C, pH 13+ and at OCP (-259 mV vs. SCE).
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Figure C-50. A Stereo-Micrograph of the Sample from SSRT 63
Performed in AP105-Mixed Simulant with Nitrite/Nitrate ratio of
0.1 at 50°C, pH 13+ and at OCP (-259 mV vs. SCE).
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Figure C-51. An Electron-Micrograph of the Fracture Surface from SSRT 63
Performed in AP105-Mixed Simulant with Nitrite/Nitrate ratio
of 0.1 at 50°C, pH 13+ and at OCP (-259 mV vs. SCE).
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Figure C-52. The Stress-Strain Curve from SSRT 64 Performed in
AP105-Mixed Simulant at 50°C, pH 13+ and at OCP (-312 mV vs. SCE).

90000

80000 -

70000 -

60000 -

50000 -

Stress (psi)

40000 -

30000 -

20000 -

10000 —%—SSRT 64: AP105-Mixed pH 13+ 50°C OCP (-312 mV vs SCE)

ol , . . —
0.00 0.05 0.10 0.15 0.20 0.25

Strain (in/in)

Figure C-53. A Stereo-Micrograph of the Sample from SSRT 64 Performed in
AP105-Mixed Simulant at 50°C, pH 13+ and at OCP (-312 mV vs. SCE).
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Figure C-54. An Electron-Micrograph of the Fracture Surface from SSRT 64 Performed
in AP105-Mixed Simulant at 50°C, pH 13+ and at OCP (-312 mV vs. SCE).
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Figure C-55. The Stress-Strain Curve from SSRT 65 Performed in
AP105-PSC Simulant at 50°C, pH 13+ and at -250 mV vs. SCE. Test stopped at UTS.
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Figure C-56. A Stereo-Micrograph of the Sample from SSRT 65 Performed in
AP105-PSC Simulant at 50°C, pH 13+ and at -250 mV vs. SCE. Test stopped at UTS.
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Figure C-57. The Stress-Strain Curve from SSRT 66 Performed in AW105-PSC
Simulant at 50°C, pH 13+ and at OCP (-235 mV vs. SCE).
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Figure C-58. A Stereo-Micrograph of the Sample from SSRT 66 Performed in
AW105-PSC Simulant at 50°C, pH 13+ and at OCP (-235 mV vs. SCE).
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Figure C-59. An Electron-Micrograph of the Fracture Surface from SSRT 66 Performed
in AW105-PSC Simulant at 50°C, pH 13+ and at OCP (-235 mV vs. SCE).
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Figure C-60. The Stress-Strain Curve from SSRT 67 Performed in SY101
Simulant at 50°C, pH 13+ and at OCP (-206 mV vs. SCE).
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Figure C-61. A Stereo-Micrograph of the Sample from SSRT 67 Performed in SY101
Simulant at 50°C, pH 13+ and at OCP (-206 mV vs. SCE).
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Figure C-62. An Electron-Micrograph of the Fracture Surface from SSRT 67 Performed
in SY101 Simulant at 50°C, pH 13+ and at OCP (-206 mV vs. SCE).
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Figure C-63. The Stress-Strain Curve from SSRT 69 Performed in AY101-CSL
Simulant at 50°C, pH 11.8 and at OCP (-181 mV vs. SCE).
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Figure C-64. A Stereo-Micrograph of the Sample from SSRT 69 Performed in
AY101-CSL Simulant at 50°C, pH 11.8 and at OCP (-181 mV vs. SCE).
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Figure C-65. An Electron-Micrograph of the Fracture Surface from SSRT 69 Performed
in AY101-CSL Simulant at 50°C, pH 11.8 and at OCP (-181 mV vs. SCE).
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Figure C-66. The Stress-Strain Curve from SSRT 71 Performed in
AW105-PSC Simulant at 50°C, pH 13+ and at -100 mV vs. SCE.
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Figure C-67. A Stereo-Micrograph of the Sample from SSRT 71 Performed in
AW105-PSC Simulant at 50°C, pH 13+ and at -100 mV vs. SCE.
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Figure C-68. An Electron-Micrograph of the Fracture Surface from SSRT 71 Performed
in AW105-PSC Simulant at 50°C, pH 13+ and at -100 mV vs. SCE.
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Figure C-69. The Stress-Strain Curve from SSRT 72 Performed in

AW105-PSC Simulant at 50°C, pH 13+ and at -50 mV vs. SCE.
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Figure C-70. A Stereo-Micrograph of the Sample from SSRT 72 Performed in
AW105-PSC Simulant at 50°C, pH 13+ and at -50 mV vs. SCE.
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Figure C-71. An Electron-Micrograph of the Fracture Surface from SSRT 72 Performed
in AW105-PSC Simulant at 50°C, pH 13+ and at -50 mV vs. SCE.
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Figure C-72. The Stress-Strain Curve from SSRT 73 Performed in AW105-PSC
Half Nitrite Simulant at 50°C, pH 13+ and at -100 mV vs. SCE.
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Figure C-73. A Stereo-Micrograph of the Sample from SSRT 73 Performed in
AW105-PSC Half Nitrite Simulant at 50°C, pH 13+ and at -100 mV vs. SCE.
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Figure C-74. An Electron-Micrograph of the Fracture Surface from SSRT 73 Performed
in AW105-PSC Half Nitrite Simulant at 50°C, pH 13+ and at -100 mV vs. SCE.
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Figure C-75. The Stress-Strain Curve from SSRT 74 Performed in
AW105-PSC 6X Simulant at 50°C, pH 13+ and at -100 mV vs. SCE.
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Figure C-76. A Stereo-Micrograph of the Sample from SSRT 74 Performed in
AW105-PSC 6X Simulant at 50°C, pH 13+ and at -100 mV vs. SCE.
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Figure C-77. An Electron-Micrograph of the Fracture Surface from SSRT 74 Performed
in AW105-PSC 6X Simulant at 50°C, pH 13+ and at -100 mV vs. SCE.
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Figure C-78. The Stress-Strain Curve from SSRT 75 Performed in AW105-PSC
6X Simulant at 50°C, pH 13+ and at -50 mV vs. SCE.
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Figure C-79. A Stereo-Micrograph of the Sample from SSRT 75 Performed in
AW105-PSC 6X Simulant at 50°C, pH 13+ and at -50 mV vs. SCE.

“*‘;?iif“"

C-53



RPP-RPT-37505, Rev. 0

APPENDIX D

CRACK GROWTH RATE TEST DATA
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Figure D-1 The DCPD Calculated Crack Length vs. Time Plot from CT-17 Performed in
SM NaNO; Solution at 50°C at OCP. Loaded past crack initiation.
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Figure D-2. The Load vs. Time Plot from CT-17 Performed in SM NaNO;
Solution at 50°C at OCP. Loaded past crack initiation.
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Figure D-3. A Stereo-Micrograph of the Test Sample from CT-17 Performed in SM
NaNOj; Solution at 50°C at OCP. Loaded past crack initiation.

Figure D-4. An Electron-Micrograph of the Test Sample from CT-17 Performed in
5M NaNOj; Solution at 50°C at OCP. Loaded past crack initiation.
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Figure D-3 The DCPD Calculated Crack Length vs. Time Plot from CT-18
Performed in AY101-PSC Standard Simulant at 50°C, pH 11 and
at 0 mV vs. SCE. Loaded to K = 45 ksiVin.
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Figure D-4. The Load vs. Time Plot from CT-18 Performed in AY101-PSC Standard
Simulant at 50°C, pH 11 and at 0 mV vs. SCE. Loaded to K =45 ksiVin.
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Figure D-5. An Electron-Micrograph of the Test Sample from CT-18
Performed in AY101-PSC Standard Simulant at 50°C, pH 11
and at 0 mV vs. SCE. Loaded to K = 45 ksiVin.
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