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DISCLAIMER 

Final ReDort 

This report documents work performed by CC Technologies, Inc. 
(CC Technologies) Dublin, Ohio, for ARES Corporation, Richland, Washington. Neither 
CC Technologies nor any person acting on behalf of CC Technologies: 

assumes any liability for consequences or damages resulting from the use, 
misuse, or reliance upon the information disclosed in this report. 

rn makes any warranty or representations that the use of any information, 
apparatus, method, or process disclosed in this report may not infringe on 
privately-owned rights. 
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EXECUTIVE SUMMARY 

Final Report 

The Hanford tank reservation contains approximately 50 million gallons of liquid legacy 
radioactive waste from cold war weapons production which. is stored in 177 
underground storage tanks. Current plans call for eventual vitrification processing and 
ultimate disposal of the resulting waste glass logs at the Yucca Mountain Repository. 
The double shelled carbon steel storage tanks presently used for storage will continue 
in operation until the vitrification plant construction is finalized and waste processing 
operations are completed. Due to various chemical reactions taking place inside Tank 
241-AN-107, the waste chemistry will tend to change over time, especially given the 
currently estimated 2023 time horizon anticipated for tank operations to continue. 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 13). 
Thus, there is concern within DOE and regulatory bodies that tank integrity will be 
compromised given these changes in chemistry. Furthermore, if tank integrity is 
potentially compromised, there is a need to define mitigation procedures. Thus, the 
objective of this work is to determine the range of conditions where the tank steel is 
susceptible to localized corrosion and SCC to define possible corrosion mitigation 
strategies for the supernatant and sludge regions. 

To accomplish this objective, a series of cyclic potentiodynamic polarization, 
potentiostatic polarization, slow strain rate, and constant load crack growth rate tests 
were performed. Based on the work conducted, the key findings of the research are: 

9 No SCC was observed under open circuit conditions in any of the Tank 241AN- 
107 simulants; additionally, the corrosion potentials measured in actual tank 
waste tended to be at least 60 mV more negative than those measured in the 
waste simulants under similar conditions (quiescent, nondeaerated conditions) 

9 Nitrite has been found to be a strong inhibitor for both SCC and pitting 
o Nitritehitrate concentration ratios between 0.5 and 1.0 were found to 

impart substantial resistance to pitting (near 0.5) and SCC (near 1 .O) 
o Though nitritehitrate ratios between 0.5 and 1.0 were found to be 

beneficial, it is uncertain based on the data obtained thus far if the 
concentration ratio or the absolute concentration of nitrite controls 
inhibition 

> pH appears to act as an inhibitor for both pitting and SCC 
o With respect to SCC, increasing the pH over the range from 7 - 11 in 

standard Tank 241-AN-107 solutions resulted in a decrease in the 
estimated crack growth rate in SSR tests; above pH 11 there did not 
appear to be an influence of pH on the SCC crack growth rate 

In the simulated endpoint Tank 241-AN-107 chemistry, pH values 
as low as 9.5 showed estimated crack growth rates comparable to 
those observed in standard Tank 241-AN-107 simulant at pH 11 

iv 
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(this appears to be due to the greater nitritehitrate ratio in the 
endpoint chemistry compared to the standard simulant chemistry) 

o For pitting, the difference between the repassivation potential and the 
corrosion potential was greater than 200 mV at pH values above 10, 
indicating that pitting corrosion is not likely to occur in the standard Tank 
241-AN-107 simulant; below pH 'IO, the difference was negative when 
measured using cyclic potentiodynamic polarization, indicating a much 
higher likelihood of localized corrosion (note, potentiostatic polarization 
showed that the values obtained from cyclic polarization tended to be 
conservative and thus the propensity for localized corrosion at pH values 
near 10 in standard Tank 241-AN-I07 simulant appears to be minimal) 

In the simulated endpoint Tank 241-AN-107 chemistry at pH 10, 
pitting corrosion was also found to be unlikely 

k TOC appears to provide some inhibition of SCC under some circumstances but 
otherwise has a negligible influence on SCC and pitting 

o In the standard Tank 241-AN-107 solutions, increases in the TOC levels 
did not appear to influence either pitting or SCC 

o In Tank 241-AN-107 solutions without nitrite, TOC was observed to act as 
an inhibitor for SCC but tended to exacerbate pitting 

9 Applied potential is an important factor in establishing regions of SCC 

o At potentials more negative than -100 mV vs. SCE, SCC was not 
observed in Tank 241 -AN-I 07 solutions 

o More positive applied potentials (than -100 mV) not only induces SCC but 
the estimated crack growth rate increased with increasing potential 

o No SCC was observed in any of the AN 107 solutions at the free corrosion 
potential 

susceptibility 

9 Chloride concentration has an effect on SCC behavior in some situations and 
only a minimal influence on pitting 

o Increasing the chloride concentration over the range of 0.05 to 0.2M 
resulted in a slight increase in the estimated SCC crack growth rate from 
SSR tests at an applied potential of 0 mV vs. SCE, but did not influence 
the crack growth rate measured in constant load tests 

o SCC was not observed in tests with 0.2M chloride when the applied 
potential was more negative than -100 mV vs. SCE 

o Tests at 0.2M chloride were used to bound the likely behavior of Tank 
241 -AN-I 02 

9 SCC was observed in simulated Tank 241-AN-I07 standard and endpoint 
solutions with a maximum crack growth rate of - 2 x IO-' ink in constant load 
tests 

o The crack growth rate in the constant load tests was relatively 
independent of applied K above 20 ksidin 

V 
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o Based on the testing conducted, KISCC is estimated to be between 10 and 
30 ksidin (most likely near 20 ksidin) 

o Current testing enables resolving crack growth rates as low as IO-'' ids; 
historically, due to sensitivity limits crack growth rates less than IO-* i nk  
were generally below the detection limit and thus the applied K for these 
rates was assumed to be below Klscc 

vi 
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INTRODUCTION AND BACKGROUND 
The Hanford tank reservation contains approximately 50 million gallons of liquid legacy 
radioactive waste from cold war weapons production, which is stored in 177 
underground storage tanks. Current plans call for eventual vitrification processing and 
ultimate disposal of the resulting waste glass logs at the Yucca Mountain Repository. 
The double shelled carbon steel storage tanks presently used for storage will continue 
in operation until the vitrification plant construction is finalized and waste processing 
operations completed. 

Though there are several different waste chemistry types that have been grouped 
according to their main constituents, all of the wastes tend to be highly alkaline in 
nature, typically with pH values greater than 10 and to hydroxide concentrations in 
excess of 6M. Under alkaline conditions, carbon steels will tend to be passive and 
undergo relatively slow, uniform corrosion. Under these passive conditions, however, 
carbon steels also can become susceptible to localized corrosion (e.g., pitting) and 
stress corrosion cracking (SCC) in the presence of certain aggressive constituents, 
such as chloride and nitrate. The original single shell storage tanks experienced stress 
corrosion cracking failures as a result of the presence of high concentrations of nitrate in 
the waste. Research at Hanford and SRL demonstrated that cracking could be 
prevented by maintaining a high pH of the waste ( ~ 1 3 )  and post-weld heat treatment of 
the tanks to 1100 "F. Accordingly, all of the double shelled storage tanks were 
fabricated with stress relieved welds and Chemistry controls were instituted to maintain 
the pH of the waste above 13-13.5 (as reflected as a minimum hydroxide concentration) 
in combination with a minimum nitrite concentration. At lower pH values, it was unclear 
if the relationships developed for higher alkaline conditions would still apply. 

Due to various chemical reactions taking place inside the tanks, the waste chemistry will 
tend to change over time, especially given the currently estimated 2023 time horizon 
anticipated for tank operations to continue. In addition, the present chemistries for some 
of the tank waste types are no longer in specification with respect to corrosion (e.g., 
maintaining pH levels above 13-13.5). Thus, there is concern within DOE and regulatory 
bodies that tank integrity will be compromised given these changes in chemistry. 
Furthermore, if tank integrity is potentially compromised, there is a need to define 
mitigation procedures. 

With reference to Tank 241-AN-107, for example, the present pH is between 11 and 12 
in comparison to the operational specification of greater than 13. Caustic additions, 
though capable of returning the supernatant into specification, cannot easily return the 
salt cake waste chemistry to specification based on porous media convection. Thus, the 
possible installation of a mixing pump to facilitate homogenization and more effectively 
return the tank chemistry to specification was being considered. Over and above the 
immediate issue of installation of a mixing pump, caustic additions will be required to 
maintain a pH of 13 due to the consumption of hydroxide ions by the slow oxidation of 
organic constituents as well as the presence of carbon dioxide. These additions will 

1 
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increase the waste volume, which greatly increases the cost of vitrifying and ultimately 
disposing of the waste. 
The interim findings from Tank 241-AN-107 testing’ showed that localized corrosion and 
SCC were unlikely in the existing and expected composition of the waste. However, 
since these wastes are a complex mixture of nitrate, nitrite, organic compounds (e.g., 
acetate, oxalate, ethylenediaminetetraacetate, and glycolate), hydroxide, chloride, and 
other species the influence of each of these on possible tank performance is unclear. 
For example, it has been argued that Tank 241-AN-107, though out of pH specification, 
is not likely to suffer from corrosion-related failure due to the inhibitive properties and 
concentrations of the organic compounds (total organic carbon level). Thus, the 
objective of this work is to determine the range of conditions where the tank steel is 
susceptible to localized corrosion and SCC to define possible corrosion mitigation 
strategies the supernatant and sludge regions. No work has been performed that 
examines possible integrity risks associated with the vapor phase region. 

’ Michiel P. Brongers, C. Sean Brossia, ARES Tank 241-AN-107 Final Interim Report, “Investigation of 
Chemistry Factors Influencing Stress Corrosion Cracking Susceptibility of High-Level Waste in Double 
Shell Tank 241-AN-107”. 

2 
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SUMMARY OF KEY FINDINGS 
Based on the work conducted, the key findings of the research are: 

k No SCC was observed under open circuit conditions in any of the Tank 241-AN- 
107 simulants; additionally, the corrosion potentials measured in actual tank 
waste tended to be at least 60 mV more negative than those measured in the 
waste simulants under similar conditions (quiescent, nondeaerated conditions) 

9 Nitrite has been found to be a strong inhibitor for both SCC and pitting 
o Nitritehitrate concentration ratios between 0.5 and 1.0 were found to 

impart substantial resistance to pitting (near 0.5) and SCC (near 1.0) 
o Though nitritehitrate ratios between 0.5 and 1.0 were found to be 

beneficial, it is uncertain based on the data obtained thus far if the 
concentration ratio or the absolute concentration of nitrite controls 
inhibition 

P pH appears to act as an inhibitor for both pitting and SCC 
o With respect to SCC, increasing the pH over the range from 7 - I1  in 

standard Tank 241-AN-107 solutions resulted in a decrease in the 
estimated crack growth rate in SSR tests; above pH 11 there did not 
appear to be an influence of pH on the SCC crack growth rate . In the simulated endpoint Tank 241-AN-I07 chemistry, pH values 

as low as 9.5 showed estimated crack growth rates comparable to 
those observed in standard Tank 241-AN-107 simulant at pH 11 
(this appears to be due to the greater nitritehitrate ratio in the 
endpoint chemistry compared to the standard simulant chemistry) 

o For pitting, the difference between the repassivation potential and the 
corrosion potential was greater than 200 mV at pH values above 10, 
indicating that pitting corrosion is not likely to occur in the standard Tank 
241-AN-I07 simulant; below pH 70, the difference was negative when 
measured using cyclic potentiodynamic polarization, indicating a much 
higher likelihood of localized corrosion (note, potentiostatic polarization 
showed that the values obtained from cyclic polarization tended to be 
conservative and thus the propensity for localized corrosion at pH values 
near I O  in standard Tank 241-AN-IO7 simulant appears to be minimal) . In the simufated endpoint Tank 241-AN-I07 chemistry at pH 10, 

pitting corrosion was also found to be unlikely 

P TOC appears to provide some inhibition of SCC under some circumstances but 
otherwise has a negligible influence on SCC and pitting 

o In the standard Tank 241-AN-I07 solutions, increases in the TOC levels 
did not appear to influence either pitting or SCC 

o In Tank 241-AN-107 solutions without nitrite, TOC was observed to act as 
an inhibitor for SCC but tended to exacerbate pitting 

3 
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Applied potential is an important factor in establishing regions of SCC 
susceptibility 

o At potentials more negative than -100 mV vs. SCE, SCC was not 
observed in Tank 241-AN-107 solutions 

o More positive applied potentials (than -100 mV) not only induces SCC but 
the estimated crack growth rate increased with increasing potential 

o No SCC was observed in any of the AN 107 solutions at the free corrosion 
potential 

Chloride concentration has an effect on SCC behavior in some situations and 
only a minimal influence on Dittina 

0 

0 

0 

SCC 

Increasing the chlor/de concentration over the range of 0.05 to 0.2M 
resulted in a slight increase in the estimated SCC crack growth rate from 
SSR tests at an applied potential of 0 mV vs. SCE, but did not influence 
the crack growth rate measured in constant load tests 
SCC was not observed in tests with 0.2M chloride when the applied 
potential was more negative than -1 00 mV vs. SCE 
Tests at 0.2M chloride were used to bound the likely behavior of Tank 
241-AN-102 

was observed in simulated Tank 241-AN-107 standard and endDoint 
solutions with a maximum crack growth rate of - 2 x IO-’ in/s in constant’load 
tests 

o The crack growth rate in the constant load tests was relatively 
independent of applied K above 20 ksidin 

o Based on the testing conducted, Klscc is estimated to be between 10 and 
30 ksidin (most likely near 20 ksidin) 

o Current testing enables resolving crack growth rates as IQW as IO-’’ inls; 
historically, due to sensitivity limits crack growth rates less than ink 
were generally below the detection limit and thus the applied K for these 
rates was assumed to be below Klscc 

4 
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EXPERIMENTAL APPROACH 

Materials and Specimens 

All test specimens were fabricated from three Yx2'xI" as-supplied plates of ASTM A537 
Class 2 carbon steel material that had been heat-treated to obtain material properties 
similar to those of the Class 1 carbon steel used for construction of the double shefl 
storage tanks. Three main specimen geometries were utilized in this work, as shown in 
FIGURES 7 - 3. Specimens were fabricated by Metal Samples Company in Munford, 
AL or Metcut Research, Inc. in Cincinnati, OH. Material close to the flame cuts at the 
edges of the plates was avoided for specimen fabrication to ensure consistent 
microstructures. The slow strain rate test (SSRT) specimens were fabricated such that 
the longitudinal axis was in the plate rolling direction (i.e., longitudinal orientation). 
Compact tension specimens were fabricated such that the precrack was in the plate 
rolling direction (i.e., transverse-longitudinal orientation). 

L 4 - 4 0  UNC-2B R . O Q ~  1 
THREADS 

SURFACE FINISH - APPROXIMATELY 8-16 RMS. 

Figure 1. Engineerlng drawing of the specimen for cyclic potentiodynamic polarization 
tests (units in inches) 

1.000 

11420 Threads Surface Finish: 0.250 DIA 
Centerless Ground Finish 

Tolerances; 
Decimal (X.X) k 0.020 inches f 
Decimal (X.xX) +- 0.010 inches : 
Decimal (X.XXX) i 0.005 inches i UZ- - L = 8.0 in. -: 

Figure 2. Engineering drawing of the specimen for slow strain rate tests (units in inches) 

5 
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fE%suma 
2501252 0 

f(2-PLS.) 

.010 R. MAX. -f+ .010/.020 

=TAIL 'K 

.32S REF. 
SEE DETAIL 

'A' 

DRILL #33 X 250 Dp. 

SEE DETAIL 
'A' 

Figure 3. Engineering drawing of the compact tension specimen (unit in inches) 
I 

Chemicals and Solutions 

TABLE 1 is a list of the chemicals that were used to mix the standard base Tank 241- 
AN-IO7 solution. For each test, the solution was mixed 24 hours before starting the test 
so that the chemicals would dissolve completely. During this time period, the solution 
was kept on a constantly vibrating shaker to avoid any possible precipitation. The pH of 
the solution was adjusted shortly before the use of the solution with either sodium 
hydroxide or sulfuric acid depending on the desired final pH (the initial pH was between 
10 and 11 before adjusting). 

Four main solution chemistries were examined: 
> standard Tank 241-AN-I07 (with variations in pH, nitrite concentration, 

total organic carbon (TOC) concentration, and nitritehitrate concentration 
ratio). The standard AN 107 simulant contains 1.2M nitrite, 3.7M nitrate, 
20g/L TOC and 0.1M chloride. Note that the chloride concentration in the 
standard Tank 241-AN-I07 is about double that in the tank 

P endpoint Tank 241-AN-I07 intended to simulate the Tank 241-AN-I07 
chemistry in 2023 (composition identical to standard Tank 241 -AN-107 
with changes in the nitrite [2.3M] and nitrate [2.4M] concentrations and a 
pH of I O )  

> double chloride Tank 241-AN-I07 intended to bound the present condition 
AN102 tank chemistry (composition identical to standard Tank 241-AN- 
107 with a change in the chloride concentration [0.2M]) 

> double chloride endpoint Tank 241-AN-I07 intended to bound the AN102 
chemistry in 2023 (composition identical to Tank 241-AN-I07 endpoint 
with a change in the chloride concentration [0.2M]) 

6 
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These chemistries are summarized in Table 2. 

Final ReDort 

Table 1: THE LIST OF CHEMICALS USED IN THE STANDARD TANK 241-AN-I07 
SOLUTION* 

*The chemical welght in the table is for preparing Of 4L Tank 241-AN-107 solution; 

**The weight of 70% aqueous solution; 
x is approximatelyequal to 1; 

7 
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Main Constituents 
Nitrate (M) Nitrite (M) Chloride (M) pH 

3.7 1.2 0.1 11 
2.4 2.3 0.1 10 

I 3.7 1.2 0.2 11 
2.4 2.3 1 0.2 10 

Open Circuit Potential and Cyclic Potentiodynarnic Polarization Testing 

The cyclic otentiodynamic polarization (CPP) testing was performed according to 
ASTM G61. B 
Prior to CPP testing, the specimens were ultrasonically cleaned with isopropanol for five 
minutes, rinsed with deionized (DI) water, and then dried with nitrogen. For each test, 
the solution was purged with nitrogen for one hour while waiting for the temperature to 
reach 50°C (122°F) before the specimen was placed in the test solution. Prior to CPP 
testing, the open circuit potential (OCP) was monitored for 18 hours. Then the potential 
scan was started from -500 mV vs. saturated calomel reference electrode (SCE) with a 
scan rate of 0.17mVls. A platinum wire loop was used as the counter electrode. The 
solution was continuously purged with nitrogen throughout the test to maintain a 
deaerated condition such that the oxygen reduction reaction was minimized or 
eliminated. Thus, the cathodic reactions could only be from other oxidizing agents in the 
solution (i.e., nitrite, nitrate) or through water reduction (if the potential was negative 
enough). 

In the original scope of this work, the scans were planned to be reversed at +IO00 mV 
vs. SCE or when the current reached ImA/crn2, whichever occurred first. However, it 
was found that in the environment of interest, such a reversal potential was high enough 
to oxidize electro-active species in the solution and hence complicate interpretation of 
the polarization behavior. Therefore, for most of the tests that were performed, the scan 
was reversed at +400 mV vs. SCE or when the current reached 1rnAlcm2, whichever 
occurred first. 

When a CPP test was completed, the specimen was removed from the test solution, 
rinsed with Of water, and then dried with nitrogen. If excessive corrosion products were 
present on the specimen surface, the specimen was then ultrasonically cleaned in 
acetone for five minutes to remove the corrosion product. It was then rinsed with DI 

‘Standard Test Method for Conducting Cyclic Potentiodynamic Polarization Measurements for Localized 
Corrosion Susceptibility of Iron-, Nickel-, or Cobalt-Based Alloys”, ASTM G61 

a 
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water and dried with nitrogen. The post-test appearance of the specimen was 
photographically documented to show the evidence of corrosion attack. Some 
specimens were also cross sectioned to evaluate pit depth. Finally, the tested 
specimens were stored in separate specimen bags in a desiccator for any other further 
possible analysis. 

Potentiostatic Tests 
The pitting and repassivati6n potentials can usually be determined by either CPP tests 
or potentiostatic tests. For the present work, the CPP test was performed first. In most 
cases, the pitting potentials were obtained directly from the CPP curve at the potential 
where current increased dramatically. If the CPP curve showed two slope changes on 
the forward scan in the transpassive region (e.g., FIGURE 4), then the potential where 
the second slope change occurred was selected as the pitting potential. Similarly, the 
repassivation potentials were obtained directly from the CPP curve at the zero current 
potential on the reversal scan. However, some CPP curves showed an inflection point 
on the reversal scan at a potential higher than the zero current potential, as shown at 
location (1) in FIGURE 4. Therefore, questions were raised regarding at what potential 
repassivation really occurs. To address these questions, potentiostatic tests were 
performed for the solutions in which a definitive repassivation potential could not be 
determined directly from the CPP curve due to either the presence of the inflection point 
or a very negative zero current potential. In the former cases, the potentiostatic tests 
were performed at potentials selected to bracket the potential at the inflection point (i.e., 
at potentials lower and higher than point (1) in FIGURE 4). In the later cases, the 
potentiostatic tests were performed at potentials more positive than the zero current 
potential. For each potentiostatic test, the CPP test was first performed and the potential 
was scanned to the reversal potential, and then stopped on the back scan at the 
potential where the potentiostatic test would be performed. The test was such arranged 
that pits with depths comparable to those observed in the standard CPP tests would be 
initiated on the forward scan, Immediately after the CPP test, the potentiostatic test was 
started at the potential of interest and the current change as a function of time was 
monitored for a period of usually 24 hours or longer. Other testing conditions remained 
the same as used in the CPP tests. If the current was observed to increase with time, 
the interpretation was that the applied potential was more noble than repassivation 
potential. Conversely, if the current decreased with time or remained small, the 
interpretation was that the applied potential was below the repassivation potential. Each 
of these cases is illustrated in FIGURE 5. 

9 
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Current denaity (Alcmff 

Figure 4. Schematic drawing of typical CPP curve showing pitting potentlal and two 
possible repassivation potentials (location (1) and (2)). 

Time (hrs) 
Figure 5 Schematic drawing showing the change of current density as a function of time 
at potentials higher and lower than Erp, respectively. 
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Slow Strain Rate Testing 

SSR testing was performed according to the guidelines provided in ASTM GI29 using 
cylindrical tensile specimens (FIGURE 2) at a constant extension rate of in/in-s 
(unless otherwise noted). To perform the tests, a specimen was placed into a Teflon 
test cell and the load applied using pull rods that entered the cell through sliding seals. 
After insertion of the specimen and pull rods into the load frame, the solution of interest 
was introduced and heated to 50 "C. Tests were either conducted at open circuit or at 
an applied potential using SCE maintained at room temperature using a Luggin 
probekalt bridge that was filled with the test environment solution. A platinum flag was 
used as a counter electrode. All SSRT experiments were performed under quiescent 
(no gas purging) conditions. 

Post-test analysis consisted of stereographic optical examination at 20 - 40x. Additional 
analyses using higher magnification optical microscopy, metallographic cross sectional 
analysis, and scanning electron microscopy (SEM) were also used on an as-needed 
basis. In cases where evidence of SCC was present, metallographic cross sectional 
analysis was utilized to estimate a crack growth rate by dividing the maximum crack 
length observed by the time to failure (total test time). For the purposes of semi- 
quantitatively comparing the SSRT results, the estimated crack growth rate (CGR) was 
divided into the following classifications: 

Dearee of SCC Estimated CGR (mmls) Estimated CGR link) 

Major 2 3 x 1 0 '  2 1.2 x i o 7  
Moderate 3 x I O 6  - 5 x IO-' 1.2 x - 2 x  IO-^ 
Minor 5 5 x 52x10' 
None No indications of SCC 

Note that the crack growth rates determined from the SSR tests should be used with 
caution and only for comparative purposes. Furthermore, the crack growth rates 
estimated from the SSR test results should not be compared with the rates determined 
in the constant load crack growth rate tests using compact tension specimens. The 
SSRT CGRs tend to be higher because of the imposed continued straining of the 
specimens; a condition unrealistic for storage tanks. On the other hand, the cracks were 
assumed to initiate at the beginning of the test and continue to propagate at a constant 
rate throughout which will tend to underestimate the cracking rate in the SSR tests. This 
underestimation will tend to be exacerbated by the uncertainties associated with low 
probability of finding the longest crack in the specimen using metaltographic cross- 
sectioning. 

"Standard Practice for Slow Strain Rate Testing to Evaluate the Susceptibility of Metallic Materials to 
Environmentally Assisted Cracking", ASTM International (2005). 
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The time-to-failure and the strain at failure of the specimens did not always reflect 
clearly if SCC was present. Also, the degree of SCC was not easily established from 
these parameters. Therefore, the occurrence of SCC was always confirmed by visual 
inspection, and the severity of SCC was determined from the estimated crack growth 
rate. It was found from inspection of metallographic cross-sections of specimens that all 
cases where SCC was observed, intergranular features were also associated with the 
cracks. 

Constant Load Crack Growth Rate Testing 

Crack growth rate tests were performed using pre-cracked W-T (0.5-inch wide) compact 
tension (CT) specimens subjected to a constant tensile load. In the CGR tests, crack 
extension as a function of time was measured using the DC potential drop (DCPD) 
technique. In this technique, a high electrical current (20A) is sent through the 
specimen and the electrical potential between the two sides of the crack is recorded. 
As a crack propagates the cross sectional area will decrease thereby increasing the 
resistance which is then measured as an increase in the potential drop across the 
specimen. Because the current passes through the specimen only, and not through the 
solution, this current does not affect the polarized potential of the specimen. The 
resistance increase causes an increase in the DCPD which can be related to the crack 
extension using the Johnson Eq~at ion.~ 

All tests were conducted in Teflon cells to which the environment was added and 
heated to the test temperature of 50 “C prior to applying the desired load. Tests were 
conducted either at open circuit or at an applied potential. For the tests at the open 
circuit potential, the potential was monitored with a high impedance voltmeter and a 
reference electrode (SCE). The electrode was maintained at room temperature and 
communicated with the test cell by means of a Luggin probelsalt bridge that was filled 
with the test environment. For the tests at applied potential, an additional platinum flag 
counter electrode was included in the cell and a potentiostat was used to control the 
potential to the desired value. All CGR experiments were performed under quiescent 
(no gas purging) conditions. 

Post-test analysis was performed by initially sectioning the specimens longitudinally 
using a slow speed diamond saw. That is, the specimens were sectioned approximately 
at the center line of the thickness dimension creating two specimen halves. The face of 
one specimen half was then metallographically prepared to evaluate the microstructure 
of the steel and the SCC crack morphology (i.e., intergranular or transgranular). The 
other specimen half was mechanically overloaded in air to failure to expose the fracture 
surface for subsequent examination and analysis. 

Johnson, H. H. “Calibrating the Electric Potential Method for Studying Slow Crack Growth,” 
Materials Research and Standards, Vol5, No 9, September 1965, pp. 442-445. 
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RESULTS AND DISCUSSION 

Electrochemical Polarization Behavior 

This section summarizes the results and key findings from the electrochemical tests 
(i.e., CPP and potentiostatic tests). The effects of pH, nitrite concentration, nitritehitrate 
ratio, total organic carbon (TOC) concentration and chloride concentration on the open 
circuit potential, pitting potential (Epit) and repassivation potential (Erp) are discussed. In 
this work, OCP was directly obtained from the CPP curve at the zero current potential 
on the forward scan. For most cases, the pitting potential was selected directly from the 
CPP curve. In the case that the CPP curve only exhibited one slope change, the 
potential at the slope change then was selected as the pitting potential. If two stope 
changes were present, however, the higher value was selected as the pitting potential. 
Similarly, if the CPP curve did not show other repassivation characteristics (i.e., an 
inflection point) except the zero current potential on the reversal scan, the zero current 
potential was selected as the repassivation potential. Otherwise, the potential at the 
inflection point or the potential that was determined from the potentiostatic testing was 
selected as the repassivation potential. 

Although the absolute values of Epit and E, are used many times in the present work to 
evaluate the corrosion resistance of carbon steel in Tank 241-AN-107 simulant 
solutions, it is also important to consider the magnitude of the potential difference 
between the repassivation potential and the OCP. This difference is the safety margin 
when E, is used as a design parameter. In the environment of interest, this safety 
margin is extremely important since larger margins usually imply that the propensity and 
risk for localized corrosion is lower. The importance of this potential difference is further 
highlighted by the frequent observation that the OCP of many materials in different 
environments will tend to asymptotically increase (become more noble) with time until a 
nominally steady state value is reached. 

In this section, the repassivation potentials determined from both the CPP curves (i.e., 
the zero current potential) and the potentiostatic tests are included in the tables and 
figures. In the figures, the repassivation potentials from potentiostatic tests are plotted 
as scattered points whereas the repassivation potentials from CPP curves are plotted 
as a continuous line. Generally, the repassivation potential determined directly from the 
CPP curves at the zero current potential are more negative than that from the 
potentiostatic tests. Thus, the former values reflect a conservative evaluation of the 
repassivation, which will provide a relatively larger safety margin compared to that using 
more positive repassivation values when the repassivation potential is used as a design 
parameter, as discussed above. Because potentiostatic tests were not performed for 
every solution conditions, the discussions are based on the repassivation potentials 
determined from the CPP curve unless otherwise noted. 

13 
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Effect of Solution DH 

The effect of pH on OCP, Epit and E, is summarized in TABLE 3 and FIGURE 6. Note 
that the results at pH 7, 9.5 and 10 are from Year 15. In each of the tables hereafter, the 
parameters of interest (i.e., pH, nitrite concentration, etc) will be listed in the first 
column. The sample ID for every test is also included so that the detailed information 
can be found in the appendices where a test matrix will be included. The CPP curves 
are also included in the appendices. 

Table 3: The electrochemical parameters (OCP, EPlt and Erp) in Tank 241-AN407 solutlon 
at different pH values with the same nitrite, nitrate and TOC concentrations ([NO21 4 . 2  
M; [NO31 =3.7 M; TOC=20 g/L; T=5OoC) 

b. Repassivation potential determined directly CPP curve; 

The data in FIGURE 6 show that pH affected all three electrochemical parameters. The 
OCP decreased (move in the negative direction) from about -200 mV at pH 7 to -538 
mV at pH 13.5. It is generally expected that the OCP will decrease with an increase of 
pH because the equilibrium potentials of the chemicals that have dominated cathodic 
reactions shift in the negative direction with an increase in pH. Thus, OCP will shift 
towards the negative direction according to mixed potential theory, assuming the pH 
shift did not have a significant impact on the anodic reaction. FIGURE 6 also shows that 
Epit generally decreased with increasing pH whereas E,, decreased from pH 7 to pH 9.5, 
but then dramatically increased from pH 9.5 to 11. With further increases in pH, E, 
again decreased. 

The most important parameter from the standpoint of pit initiation is the difference 
between the repassivation potential (Ev) and OCP, as wel\ as the difference between 
the pitting potential (€pit) and the repassivation potential (E,). FIGURE 7 shows that the 
difference between E@t and Erp, E,, and OCP as a function of pH. Clearly, the 
differences between E, and OCP were positive and relatively large for pH values above 
1 I (positive for pH values above 9.5 when using the repassivation potentials from the 
potentiostatic tests), indicating that pit initiation is relatively unlikely to occur at these 

Michiel P. Brongers, C. Sean Brossia, ARES Tank 241-AN-I07 Finat Interim Report, 'Investigation of 
Chemistry Factors Influencing Stress Corrosion Cracking Susceptibility of High-Level Waste in Double 
Shell Tank 241-AN-107". 
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elevated pHs. On the other hand, this value was extremely close to OCP at pH 7, 
indicating that pit initiation is much more likely to occur. 

FIGURE 7 also shows that the difference between E, and OCP did not change 
significantly above pH 11 with further increases in pH. The difference between E,it and 
E, decreased from pH 1 1 to pH 13 although this difference remained relatively constant 
when using the repassivation potentials from the potentiostatic tests. From the 
perspective of pitting corrosion, this could imply that although the current chemistry in 
Tank 241-AN-I07 is out of specification with respect to pH (pH 11 rather than specified 
pH 13), the environment of interest appears to have no significant difference on 
corrosivity to carbon steel at pH I 1  to pH I 3  or higher. Thus, pH adjustment towards 
more alkaline conditions might not provide further benefits in terms of optimizing the 
tank operation conditions. 
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Figure 6: The effect of pH on OCP, E,,, and E, in Tank 241-AN-107 solution at different pH 
values with the same nitrite, nitrate and TOC concentrations ([NO21 4 . 2  M; [NOSY ~3.7 1111; 
TOC=20 gll). The filled symbols represent the potential obtained from potentiostatic 
tests. 
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Figure 7: The difference of E, and OCP (E,-OCP), Em and E, (EWE,) as a functlon of pH 
in lank 241-AN-107 solution. Figure (a) shows data from cyclic polarization testing and 
Figure (b) shows data from potentiostatic testing. 

Effect of Nitrite and NitrWNitrate Ratio 

Nitrite was found to have a significant effect on the CPP curves, as shown in FIGURE 8. 
Basically, the CPP curves in Tank 241-AN-107 solution with higher nitrite 
concentrations exhibited higher (more positive) pitting and repassivation potentials. 

$5 M 

Current density (Ncm') 
Figure 8: The CPP curves in Tank 241-AN-I07 solution at pH 11 with different nitrite 
concentrations 
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TABLE 4 summarizes the electrochemical parameters obtained from CPP curves and 
potentiostatic tests (for repassivation potentials) and FIGURE 9 shows the effect of nitrite 
concentration on OCP, Epit and Erp. Note that the values at 2.3M nitrite were obtained 
from Tank 241-AN-I07 endpoint solution at pH 10, which also had a lower nitrate 
concentration of 2.4M compared to other solutions (3.7M). When the nitrite 
concentration was zero, there was no real repassivation potential as the CPP curve did 
not close at any potential tested (Le., no zero current potential was observed). In these 
cases, the final potential (-500 mV) was used as the repassivation potential. 

Table 4: The electrochemical parameters (OCP, E,fi and E,,,) in Tank 241-AN-I07 solution 
at different nitrite concentrations (TOC=20 glL; T=!5O0C) 

a. DH 10 endDoint solution: 
b. Repassivation potentials determined from potentiostatic test; 
c. Repassivation potentials determined directly from CPP curves; 
d. Potential at the inflection point on the backward scan of the CPP curve; 
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Figure 9. The effect of nitrite concentration on E,,,, EM and OCP. The potentials at 2.3M 
nitrite are from the CPP test in the endpoint solution at pH I O .  All others are from CPP 
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tests in solutions with pH 11. The filled symbols correspond to the values determined 
from potentiostatic tests. 
FIGURE 9 shows that nitrite concentration appeared to have very litle effect on the 
OCP. The more positive OCP value at 2.3M nitrite was likely due to the pH difference of 
that solution (i.e., endpoint solution). However, the effect of nitrite concentrations on EPrt 
and E, is evident. The values of Epit and E, generally were more positive at higher 
nitrite concentrations. There appears to be a critical nitrite concentration (- 1.2M) below 
which the repassivation potentials were more negative than OCP. Therefore, pitting 
corrosion could initiate at OCP under such conditions. It can also be seen from FIGURE 
9 that the repassivation potentials were closer to the pitting potentials at higher nitrite 
concentrations. This further demonstrates that nitrite appears to be a potent inhibitor for 
carbon steel in Tank 241-AN-IO7 solutions since the smaller difference between E, and 
Epit indicates better pitting corrosion resistance of A537. However, no extra benefit with 
respect to improving the pitting and repassivation potentials was gained with further 
increases in the nitrite concentration above 3.5M. Based on the effect of nitrite on the 
repassivation potential, a critical nitrite concentration above 1.2M might be beneficial 
since the repassivation potential is significantly above OCP at this concentration, Note 
that the repassivation potentials determined from the potentiostatic tests were evert 
closer to the pitting potentials. Since the Erp shifted in the positive direction when 
determined using potentiostatic testing, the E, values at nitrite concentrations lower 
than 1.2M determined using cyclic polarization testing are likely conservative and might 
move towards more positive potentials if potentiostatic testing was performed. 
Therefore, although the critical nitrite concentration might appear to be approximately 
1.2M, this apparent critical concentration could very well be lower and thus also 
represents a conservative value. With further investigations through SSRT, a link 
between the repassivation potential and hence the critical nitrite concentration and the 
occurrence of the SCC on carbon steel might be established, as is discussed further in 
later sections. 

As shown previously in the list of the chemicals that were used for Tank 241-AN-I07 
solutions, both nitrite and nitrate are present in the solution. The standard Tank 241 -AN- 
107 simulant contains 1.2M nitriie and 3.7M nitrate. In the endpoint solution the nitrite 
was increased to 2.3M whereas nitrate was reduced to 2.4M. Therefore, the 
concentration ratio as well as the absolute concentrations of nitrite and nitrate are 
predicted to change with time. As discussed above, nitrite generally is beneficial to 
carbon steel in terms of improving the resistance to pitting corrosion in nitrate solutions. 
However, it was not clear whether the positive movements in the pitting potential and 
the repassivation potential are a function of the absolute nitriie concentration or the ratio 
of nitrite to nitrate. 

In order to address this question, CPP tests were performed in Tank 241-AN-I07 
solutions with different nitritehitrate ratios as well as with approximately the same nitrite 
to nitrate ratio but with different absolute nitrite and nitrate concentrations. The test 
results are summarized in TABLE 5 with nitrite to nitrate concentration ratio changed 
from zero to 1.89. Note that the nitrate concentration was I .5 M when the nitritehitrate 
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ratio was 0.5 and 1. The changes of OCP, Epit and E,, at different nitritehitrate ratios are 
plotted in FIGURE I O .  

7 I 3.7 I 11 I -397 I 151 I 100 (E,W 00) I -65 I #D9019-45 

Table 5: The electrochemical parameters (OCP, E,,, and E,,,) in Tank 241-AN-I07 solution 
at different nitrite to nitrate ratios (TOC=20 g/L; T-SOOC) 

-800 ' f " ' m ' m ' 3 " ' m ' 3 ' a '  

0.0 0.2 0.4 0.6 0.8 Id  1 1  1.4 1.6 1.8 2.0 

Nitrile/Nitrate 
Figure I O :  The effect of Nitrite/Nitrate ratio on OCP, Epit and Erp at different nitrite to 
nitrate ratios (TOC=20 glL). The filled symbols correspond to the repassivation potentials 
determined from potentiostatic tests. 

The trend of OCP, €pit and E, as a function of nitritehitrate ratio is very similar to that 
was shown in FIGURE 10, except when the ratio was 0.5 since the solution at this 
nitritehitrate ratio also had a different nitrate concentration (I 5M). This is reasonable 
because for most tests shown in 
Table 5 the nitrate concentration was maintained at 3.7M and thus nitrite concentration 
was the only variable. 
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FIGURE 11 shows the change of Epit, E, and OCP as a function of nitrite concentration 
when the ratio of nitrite to nitrate concentration was approximately one. When 
increasing the nitrite concentration from 1.5M to 3.5M, the values of E, and Epit 
remained relatively constant and no significant change in any of the three 
electrochemical parameters was observed independent of the repassivation potential 
determination method (i.e., CPP vs. potentiostatic test). 

Therefore, when the nitrate concentration is fixed, it is beneficial to increase the 
absolute nitrite concentration. When both nitrite and nitrate concentrations are variable, 
as is the case for Tank 241-AN-107, maintaining a ratio of nitrite to nitrate concentration 
above 0.5 could be beneficial from a localized corrosion perspective (as will be 
discussed later, for SCC this minimum ratio is dependent on the applied potential and 
could be greater than 0.5 depending on the potential). 

1.0 1.5 2.0 2.5 3.0 3.5 4.0 

Nibite concenbatlon (M) 

Figure 11: The change of E,,,, E,, and OCP as a function of nitrite concentration in Tank 
241-AN-I07 solution when the ratio of nitrite to nitrate is approximately one. The 
potentials at nitrite concentration of 2.3 U were obtained for Tank 241-AN-107 endpoint 
solution at pH I O .  Other values were for Tank 241-AN-I07 standard solution at pH 11. The 
filled symbols correspond to the repasslvation potentials determined from potentiostatic 
tests. 

The mechanism of nitrite inhibition for carbon steel localized comsion’in alkaline nitrate 
solutions is not clear at the present point mainly due to the complexity of the solution 
chemistry in the Tank 241-AN-I07 simulant. In the Tank 241-AN-107 simulant, the high 
nitrate and nitrite concentrations allow for a range of possible cathodic reactions 
involving nitrogen-containing  specie^:^.' 

Encyclopedia of Electrochemistry of the Elements, Volume 8, ‘Nitrogen”, p. 321-479, Marcel-Dekker 6 

(1978). 
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NO,- i H 2 0  + 2e- + NO2- + 2 0 H -  [I 1 
11 a1 = 0.835 - 0.059pH +O.O29510g(NO; /NO, )  

NO2- + 5H10 + 6e- + NH, + 7OH- 121 
Pal = 0.785 -0.069pH + 0.0098l0g[NO~]-O.O098~0g~,~, 

2N0,- + 3 H 2 0 + 4 e -  + N 1 0 + 6 0 H -  [31 
134 E& I N20 = 1.396-0.0866pH +O.O14810g([NO;]~ / p N 2 0 )  

Though these reactions in the tank are likely more complex than shown here and have 
several intermediary steps, they illustrate what several potential cathodic reactions 
involving nitrogen may be possible. FIGURE 12 shows a comparison between the 
reversal potential for the reduction reactions listed above and the OCP as a function of 
nitrite concentration. The activity of NH3 and the partial pressure of N20 were assumed 
as unity. It can be seen that nitrite concentration had no significant effect on all three 
reversal potentials. More importantly, the OCP measured in Tank 241 -AN-I 07 simulant 
solutions was more negative than any of the reversal potentials at any given nitrite 
concentration. This indicates that all three reactions could contribute to the cathodic 
reaction at open circuit potential. Therefore, the role of nitrite might be its pH buffer 
ability by the form of reaction (2) and reaction (3) and thus reduces the corrosivity in the 
pits. Though no direct measurement or confirmation of these reactions has been 
performed, they do represent thermodynamically plausible reaction pathways that might 
explain the beneficial influence of nitrite. The possibility of additional work to determine 
the mechanism(s) of nitrite inhibition in these environments has been discussed.8 

G.S. Frankel, ‘Cathodic Reactions, Analysis of Polarization Curves, and Inhibition Mechanism”, Memo 

G.S. Frankel and C.S. Brossia, ‘Inhibition of Steel Pitting and Cracking in Nitrate Solutions by Nitrite 

7 

to Tank 241-AN-I07 Review Panel (2004). 
a 

Ions”, White Paper Proposal to K. Boomer at CHZM Hill (July 2006). 
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Figure 12: A comparison of reversal potential for different reduction reactions and the 
OCP in Tank 241-AN-I07 at pH 11. The reversal potentials were calculated with pH 11 and 
nitrate Concentration of 3.7 M. 

Effect of Total Omanic Carbon 
To investigate whether the organic carbon compounds function as inhibitors like nitrite, 
tests were performed in Tank 241-AN-I07 solutions with different total organic carbon 
concentrations with and without nitrite. 

TOC was found to be a minor inhibitor in the absence of nitrite. The effect of TOC on 
OCP, E,it and E, in the absence of nitrite is summarized in TABLE 6 and FIGURE 13. 
The values of the three parameters increased slightly with increasing TOC 
concentration. However, the magnitude of the change was minor. As a matter of fact, 
E, remained to be more negative than OCP, indicating that pit initiation is possible. This 
is a typical behavior in the absence of nitrite and further demonstrated that TOC is not a 
dominant inhibitor. 
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Figure 13: The Meet of TOC concentration on OCP, E,,,, and E, in Tank 241-AN-107 
solution in the absence of nitrite. 

In the presence of nitrite, increasing the TOC concentration had a mixed influence on 
localized corrosion. The effect of TOC on the electrochemical polarization behavior in 
the presence of nitrite in the Tank 241-AN-I07 solution is summarized in Table 7 and 
Figure 14. These data show that TOC had no significant effect on OCP, but did result in 
some increase in E,it which would generally be considered beneficial. However, an 
increase in TOC also generally resulted in a decrease in the repassivatlon potential and 
tended to move the repassivation potentiat closer to OCP which is detrimental for 
localized corrosion resistance. Although a less strong effect of TOC on the 
repassivation potentials might be observed if the potentiostatic tests were performed 
under other three TOC concentrations and caused the E, to shift in the positive 
direction. Based on the present repassivation potential data from CPP curves, however, 
it may not be beneficial to include a high concentration of TOC and nitrite at the same 
time as these two might compete against each other and hence reduce the inhibition 
effect that can be obtained othenrvise from either TOC-albeit minor-or nitrite. 
Additionally, although the pitting potential in Tank 241 -AN-107 solution at higher TOC 
concentration was more positive, the change was not significant and thus it appears that 
TOG is a weak inhibitor, at best, in Tank 241-AN-I07 solutions. 

Table 7: The electrochemical parameters (OCP, EPrt and E,,,) in Tank 241-AN-I07 solution 
at different TOC concentrations with 1 .ZM nitrite (T=5O0C]. 
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(OcE,,<100) 
1.2 3.7 0.1 11 -326 202 -318 #D9019-27 
1.2 3.7 0.1 11 -320 120 -175 #D9019-43 

b. Repassivation potential determined direcily from CPP curves; 

3w 

0 20 40 60 BO 

TOC (dL) 

IO 

Figure 14 The effect of TOC concentration. on OCP, E,,, and E, when nitrite 
concentration is 1.2M in Tank 241-AN-I07 solution. The filled symbol at 20 glL TOC 
corresponds to the potential value determined from potentlostatic test. 
Effect of Chloride 

It is generally accepted that chloride is detrimental to passive materials and promotes 
pitting corrosion. Since Tank 241 -AN-I 07 solution contains a number of chloride 
containing species and because carbon steel will tend to be passive in alkaline 
environments, tests were performed to investigate the effect of chloride on the 
polarization behavior of carbon steel in Tank 241 -AN-107 solution. Furthermore, present 
and endpoint chemistries for Tank 241-AN-I 07 that contained additional chloride than 
the standard simulants (0.2M compared to 0.lM) were used to bound the present and 
endpoint chemistries for Tank 241-AN-I 02. Three dwerent chloride concentrations, 
0.05M, 0.1M and 0.2M, were tested, with 0.05 M representing the present chloride 
concentration in Tank 241-AN-107 and 0.1M being the concentration in the standard 
Tank 241-AN-I07 simulant. 

In general, chloride only had minor effect on and OCP. The effect of chloride 
concentration on OCP, Epit and E, are summarized in TABLE 8 and FIGURE 15. There 
were only minor changes in OCP, Epit with the increase in chloride concentration. The 
effect of chloride on the repassivation potential was a little complicated. The data show 
that the increase in the chloride concentration had no significant impact on the 
repassivation potentials when using the values from potentiostatic tests whereas it 
caused the repassivation potentials determined from CPP curves to decrease. It is 
generally agreed that the increase in chloride concentration would decrease the pitting 

24 



Page 36 of 412 of DA03817132 

Chloride 
(MI 
0.05 

RPP-RPT-31680, Rev. 0 

Hanford Tanks 241 -AN-107 and 241 -ANI 02: Corrosion and Stress Corrosion Crackina Final Reoort 

potential but usually has no effect on repassivation potentialg. The data in the present 
work supported the same conclusion when using the repassivation potential values 
determined from the potentiostatic tests. This further highlighted that although the zero 
current potential on the backward scan of the CPP curve might be a conservative 
repassivation potential, the repassivation potentials determined from the potentiostatic 
tests more closely reftected the potentials where the repassivation really occurred. 

Sample ID TOC Nitrite Nitrate OCP Ewt Em 
(W (MI (mv) (mv) (mvr 1 (mW 
1.2 3.7 -366. 90 50(EW>50) I -70 #D9019-65 

pH ( e m  
11 20 

Table 8: The electrochemical parameters (OCP, Em and Em) In Tank 241-AN407 solution 
with different chloride concentrations {T=SO0C). 

a. Repassivation potential determined from potentiostatic test; 
b. Repassivation potential determined directly from CPP curve; 
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Figure 15: The effect of chloride concentration on OW, EN, and E,. The filled symbols 
correspond to values determined from potentiostatic test. 

G. Sussek, M. Kesten, "Effect of CIF Concentration on the Characteristic Pitting Potential", Corrosion 
Science, 15 (1975):225 
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Slow Strain Rate Testing 
This section summarizes the results and key findings from the SSR tests that were 
performed to explore the susceptibility of A537 Class 2 material to SCC, primarily as a 
function of solution chemistry and potential. The effects of applied potential, pH, nitriie 
concentration, nitritehitrate concentration ratio, TOC level, and chloride concentration 
on SCC behavior were examined. 

A summary of the SSRT results is shown in TABLE 9. This table includes results from 
both the present year and last year” for comparison. The table is organized based first 
on the main chemistry variable (e.g., standard Tank 241-AN-1 07 solution, endpoint 
Tank 241 - A N I  07 solution, effect of nitrite, etc.) and is then further organized in order of 
increasing pH value and then decreasing applied potential. The data presented in 
TABLE 9 includes the time to failure, the strain at failure, the maximum observed crack 
length found during metallographic cross sectioning and the resultant estimated crack 
growth rate, the degree of SCC ctassification, and the test and specimen identifications. 

In some limited cases, the propensity for SCC could be determined directly from the 
SSRT stress-strain plot though a more reliable approach was to perform metallographic 
cross sections and utilize the crack lengths observed to estimate a crack growth rate. 
For example, FIGURE 16 shows the stress-strain data for the Tank 241-AN-I07 
standard solution at pH 11 without nitrite which clearly exhibits a different response than 
the other four data sets presented. As will be discussed later, severe SCC and 
corrosion were often noted in the absence of nitrite. Furthermore, in the case of Tank 
241-AN-107 endpoint solution at pH 10 and an applied potential of -50 rnV, no SCC was 
noted and the stress-strain response was very similar to that of air. Though it would 
appear that general conclusions could be drawn from the stress-strain behavior (or 
parameters derived therewith), the other two stress-strain curves present in FIGURE 16 
(standard Tank 241-AN-I07 at pH 11 at applied potentials of 0 and +IO0 mV) illustrate 
why caution must be exercised. Though SCC did occur in both cases, it could be 
interpreted that increasing the potential from 0 to + I O 0  mV was beneficial as both the 
time to failure and failure strain increased. However, as will be discussed later, higher 
applied potentials result in higher crack growth rates, indicating a more severe 
condition. 

table 9: Summary of SSRT results. Note that the Test ID format indicates the project year 
in which the test was performed (Le., Y1-3 is the 3d test conducted in Year 1 and Y2-? is 
the I“ test conducted in Year 2). 

Michiel P. Brongers, C. Sean Brossia, ARES Tank 241-AN-107 Final Interim Report, ‘Investigation of 
Chemistry Factors Influencing Stress Corrosion Cracking Susceptibility of High-Level Waste in Double 
Shell Tank 241 -AN-107”. 

I O  
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Nc nitrite TOG 1 11 1 0 I 27.1 1 10.7 I Not.Meas. I NIA I Major 1 Y2-7 I D9019-40 1 
I Non!!!ite,ToC I t i  I o I 30.4 1 12.7 I Not. Meas. I NIA I Maior I ~ 2 - 9  I D901855 I 
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Figure 16: Selected stressatrain SSRT data. 
Effect of &Plied Potential 
The applied potential was found to significantly influence the susceptibility of A537 to 
SCC. The estimated crack growth rate in standard Tank 241-AN-I07 at pH 11 as a 
function of applied potential is shown in FIGURE 17. For comparison purposes, the 
corrosion potentials typically measured in Tank 241 AN-107 simulant solutions was 
between -150 and -225 mV vs. SCE (note that these corrosion potentials are higher 
than those reported in the localized corrosion discussion since these are measured 
under quiescent conditions and the electrochemical polarization tests were conducted 
under deaerated conditions). At potentials at or more negative than -100 mV vs. SCE, 
no SCC was observed in any test in the standard Tank 241-AN-I07 solutions. The only 
instances where SCC has been noted at potentials more negative than -100 mV have 
been in solutions with no or very low nitrite concentrations, as will be discussed later. 
From FIGURE 17 it is also evident that the estimated CGR tends to increase with 
increasing (more noble) applied potential once the apparent cracking threshold potential 
of -100 mV is exceeded. Based on linear regression of the data, the estimated crack 
growth rate will generally increase by about 4.4 x I O 7  mm/s for every 100 mV increase 
in potential (P = 0.899). Though it appears that the crack growth rate increases with 
increasing potential, it must be cautioned that this trend might not continue at higher 
potentials. Furthermore, the engineering relevance of these higher potentials from a 
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tank integrity perspective is diminished when the typical potentials measured in the tank 
are considerably lower. 

- - - -  1.58-6 

t - 
Note: two overlapping data 

/ *  
/ 

- 
/ 

OCP Range 

A/ 
/ 

-300 -200 -100 0 I00 200 

Applied Potential, mV vs. SCE 
Figure 17: Effect of applied potential on the estimated CGR from SSRT tests in Tank 241- 
AN-IO7 at pH 11. 

Effect of Solution DH 
The effect of pH on the estimated crack growth rate from SSR tests in the standard 
Tank 241-AN-I07 solution is shown in FIGURE 18 which shows the influence of pH in 
standard Tank 241-AN-I07 solutions on the estimated CGR. If the effect of applied 
potential is neglected and the data examined as an aggregate set, pH can be seen to 
have an inhibitive effect on SCC over the range of 7 to 11. For example, at an applied 
potential of +IO0 mV increasing the H from 7 to 11 resulted in a decrease in the 
average estimated CGR from 5 x 10 to 8.5 x IO-' mm/s. Additional increases in pH 
beyond 11 to values as high as 13.5, however, had no appreciable effect. Thus, the 
estimated CGR at an a plied potential of 0 mV at pH 10 and 13.5 were nearly identical 
at 1 x IO"  and 9 x 10- mm/s. Thus, one possible explanation why no significant SCC 
has been observed in Tank 241-AN-I07 though the pH level is below the specification 
might be because over the range that the pH has changed (13.5 vs. 11) there is little 
influence on SCC susceptibility especially when coupled with the low corrosion potential 
measurements that have been observed in the tank waste. 

-8 

P 
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PH 
Figure 1 8  Effect of pH on the estimated COR in Tank 241-AN107 standard solution. Also 
shown is the estimated crack growth rate determined in the Tank 241-AN-I07 endpoint 
simulant at pH 10 and an applied potential of 0 mV. 

Effect of Nitrite and NitriteNitrate Ratio 
Nitrite concentration and the nitritehitrate concentration ratio were found to have a 
pronounced influence on SCC susceptibility. FIGURE 19 shows the effects of the 
nitritehitrate concentration ratio as a function of applied potential on SCC susceptibility. 
These data show that at very low nitritehitrate ratios, the potential where SCC is 
observed extends to lower values. Conversely, as this ratio increases the SCC 
threshold potential increases. Thus, at any given potential, SCC can be mitigated by 
increasing the nitritehitrate ratio and at a constant nitritehitrate ratio the propensity for 
SCC decreases with decreasing potential. As the nitritehitrate ratio increases the 
difference between open circuit and the cracking potential widens thereby decreasing 
the risk for SCC. This is particularly the case since the open circuit potential has been 
observed to be essentially independent of the nitritehitrate ratio (FIGURE IO) .  

When examined strictly from a nitrite concentration perspective, the inhibition provided 
by increased nitrite concentrations becomes evident (FIGURE 20 and FIGURE 21). At low 
nitrite concentrations, severe SCC is observed based on the stress-strain behavior (as 
shown in FIGURE 16) along with significant degradation of the sample (FIGURE 22). As a 
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result, the estimated CGR was assumed to be I 0-5 mm/s in FIGURE 21. The beneficial 
effects of nitrite are immediately apparent even at concentrations as low as 0.35M 
(which equates to a nitritehitrate concentration ratio of approximately 0.095) when 
examining the stress-strain behavior though, it is unclear what influence nitrite has on 
CGR at these levels. Additional increases in the nitrite concentration to 0.875M and 
higher resulted in the stress-strain behavior becoming similar to that observed in air 
along with decreases in the estimated CGR. Eventually, complete inhibition of SCC was 
achieved at nitrite concentrations that approached the nitrate concentration (near a 
nitritehitrate ratio of 1). 

Y 0.5 

0.0 

Present AN-I 07 - 

4) - _ _ _  *--*+- A*--- 

- + /* * * 

./ 
1F * / .  

I * * .  * I .  . . .  I . . . .  

Potential, mV vs. SCE 
Figure 19: Effect of nitritehitrate concentration ratio on the propensity for SCC in Tank 
241-AN-I07 solution as a function of applied potential (both standard Tank 241-AN-I07 
and endpoint Tank 241-AN-I07 are included). 
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Figure 20: Stressstrain results from SSR tests in standard lank 241-AN-107, pH 11 
solutions wlth different nitrite concentrations at 0 mV. 
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Figure 21: Eftect of nitrite concentration on estimated CGR from SSR tests in standard 
lank 241-AN-I07 at pH 11 and an applied potential of 0 mV. Note that the CGR could not 
be estimated for the tests at 0 and 0.35M nitrite due to excessive degradation of the 
specimens and thus a value of I O 4  m d s  was assumed. Furthermore, no SCC was found 
at nitrite concentrations of 3.5 and 7M as denoted by the downward arrows. 
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IAN-107, pH 11, no 
I 

nitrite solution at 0 mV vs. SCE. 

Effect of Total Oraanic Carbon 
Because high organic carbon levels were thought to inhibit SCC sufficiently to allow the 
Tank 241-AN-I07 tank chemistry to fall out of pH specification, the effects of TOC levels 
on SCC were investigated. Based on the results obtained and shown in FiGURE 23 and 
FIGURE 24, there appears to be little influence of TOC levels on SCC in standard Tank 
241-AN-I07 solution, pH 11 solutions at 0 mV vs. SCE with estimated CGRs between 
4 - 7 x I O ’  mmls. When the effect of TOC level was investigated to determine if 
increased TOC levels could counteract the negative effects of removing the nitrite, 
essentially no differences were observable in terms of the estimated CGRs. However, 
some possible improvements in SCC resistance were noted in the stress-strain 
behavior. In any event, the TOC level does not appear to be a strong inhibitor for SCC. 
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Figure 23: Effect of TOC level on stress-strain behavior in standard Tank 241-AN-I07 
solution, pH 11 solutions at 0 mV vs. SCE with 0 and 1.2M nitrite. 
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Figure 24: Effect of TOC level on the estimated CGR from SSR tests in standard Tank 
241-AN-107, pH 11 solutions at 0 mV vs. SCE. 

Effect of Chloride 
As with the CPP testing, the effect of chloride concentration on SCC was evaluated at 
0.05M (present Tank 241-AN-IO7 concentration), 0.1 M (standard Tank 241-AN-I 07 
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simulant concentration), and 0.2M (to simulate Tank 241-AN-102) using SSR tests. 
Cracking propensity in both standard and endpoint solutions was studied. In addition, 
one test was run with higher chloride and an applied potential of -lOOmV to evaluate 
which of the two parameters had a greater effect on SCC susceptibility. 

Changing the chloride concentration over the range of 0.05 to 0.2M did not have an 
appreciable effect on SCC behavior, as measured through changes in the estimated 
crack growth rate (FIGURE 25). Reducing the chloride concentration from 0.1M to 0.05M 
did not have a significant effect on the estimated crack growth rate, and the degree of 
SCC remained moderate. Increasing the chloride concentration from 0.1 M to 0.2M had 
mixed results with one specimen exhibiting major SCC (the specimen was severely 
corroded after testing and an estimated crack growth rate could not be determined from 
cross sectional analysis and a value of lo5 mm/s was assumed). In a duplicate test at 
0.2M chloride and 0 mV vs. SCE, moderate SCC was observed with an estimated crack 
growth rate comparable to the other chloride concentrations evaluated. However, the 
SCC in the higher chloride solution appeared to be eliminated by reducing the applied 
potential to -lOOmV vs. SCE. This observation is consistent with other tests conducted 
at -1 00 mV. 

E 
Note: two overlapping data 

0 

0 

(€=lo0 mV, No SCC) 

0.04 0.06 0.08 0.10 0.12 0.14 0.16 0.18 0.20 0.22 

Chloride Concentration, M 
Figure 2 5  Effect of chloride concentration on the estimated crack growth rate in pH I 1  
lank 241-AN-I07 solutions at 50 'C. All tests (except one) were performed at an applied 
potential of 0 mV vs. SCE. 
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The observation that SCC occurs above a critical potential and is absent below this 

Cragnolino's work, a clear link between the repassivation potential for localized 
corrosion and the critical potential for SCC was established for stainless steels and Ni- 
Cr alloys in chloride environments. Though some similarities between the present work 
and that of Cragnolino's exist (e.g., carbon steel is passive in alkaline environments and 
stainless steels and Ni-Cr alloys are also passive, chloride is present in both cases), this 
relationship between pitting and SCC from a repassivation potential does not seem to 
hold under all conditions for the present work. For example, in standard pH 11 Tank 
241 -AN-I 07 simulant the repassivation potential and the critical potential for cracking 
are within 50 mV of each other (E,=-+50 mV vs. Escc=-O mV). However, in other 
cases (e.g., Tank 241-AN-I07 endpoint solution) the difference between E, and Esm 
was quite large (+215 vs. 0 mV respectively). Thus, even though there is a clear 
threshold potential for SCC, it may not be intimately tied to repassivation. 

potential is consistent with the reported observations of Cragnolino et al. 11,12 In 

Constant Load Crack Growth Rate Tests 
The SCC crack growth rate was determined using pre-cracked compact tension 
specimens exposed to different environmental conditions and stress intensities 
(applied K). The results are summarized in TABLE 10 where they are organized in terms 
of overall chemistry (e.g., standard vs. endpoint Tank 241-AN-107), then by solution pH 
and then applied K. Most tests were conducted at an applied potential of 0 mV vs. SCE 
but a few were also run at open circuit. 

The crack growth rate was determined using four methods: DCPD, metallographic cross 
section using the total crack length, metaltographic cross section using only the crack 
length along the through sample vector direction, and by examination of the fracture 
surface plan view. For the DCPD measurements, the first five days of the data were 
ignored to discount any initial crack tip creep effects. In some cases the DCPD 
measurements indicated a negative crack growth rate, and in these cases a zero crack 
growth was reported. The three approaches to determine the crack growth rate based 
on metallographic examination are illustrated in FIGURE 26. A comparison of the rates 
determined using these four methods is shown in FIGURE 27 which illustrates that as 
the measured CGR decreased there was a slight difference in the methods. DCPD 
tended to overestimate the rates that were on the order of I O g  to I O '  ink. Note that 
current tests can measure crack growth rates on the order of IO-'' ink. Historically, 
crack growth rates of these low levels were not measurable, and rates below IO-' inls 

G. Cragnolino, D.S. Dunn, and N. Sridhar, 1996. Environmental factors in the stress corrosion cracking 
of type 316L stainless steel and afloy 825 in chloride solutions. Corrosion, 52(3): 194-203 

G.A. Cragnolino, D.S. Dum. Y.-M. Pan, and N. Sridhar, 2001. The critical potential for the stress 
corrosion cracking of Fe-Ni-Cr Alloys and its mechanistic implications, Chemistry and Electrochemistry of 
Corrosion and Stress Corrosion Cracking: A Symposium Honoring the Contributions of R.W. Staehle. 
R.H. Jones (ed.), TMS Annual Meeting, New Orleans. 83-104. 

11 

12 
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were assumed to be below KISCC. Previous 
aggressive environments as high as 3.8 x IO-' ink. 

Final Report 

has shown crack growth rates in 

Several conditions were evaluated in duplicate and/or triplicate tests. These replicates 
provide some indication of the reproducibility of the results and are shown in FIGURE 28. 
The average CGR from the four measurement approaches was used for each of the 
triplicate tests conducted in standard Tank 241-AN-I07 solutions at pH 10 and 0 mV 
which was then combined to determine a mean and standard deviation for the three 
identical tests. When SCC was observed it was found to be intergranular. 

Table 90: Summary of SCC CGR results using PD data beginning on day 5 to discount 
initial crack mechanical creen effects. 

13L. 0. Blackburn, 1995a. Recommended Test Program to Determine Crack Growth Rate in DoubleShell 
Tank Materials. WHC-SD-WM-ETP-137 Rev 0, prepared by ICF Kaiser Hanford Company for 
Westinghouse Hanford Company, Richland, Washington. 
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Figure 26: Schematic of how crack length measurements were taken by (a) cross-section 
metallography and (b) stereo microscopy of the fracture surface. 
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Figure 27: A comparison of crack growth rates as determined by PD and three different 
metallographic approaches. 
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Figure 28: Test-t+test variability in measured CGRs from triplicate tests using the mean 
CGR results from each test measurement method. 
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Effect of Chemlstw and Potential 

The effect of chemistry on crack growth rate was limited to evaluations of the effects of 
pH, chloride concentration, nitrite concentration, and nitrate concentration (and the 
nitritehitrate ratio). The effect of potential has been limited to an examination of 
conditions at 0 mV and -100 mV vs. SCE, and open circuit potential, for the various 
chemistries. 

Based on SSR tests, the effect of pH over the range of 10 to 11 is not expected to be 
significant. Several tests were run in standard Tank 241-AN-I07 simulant solutions at 
applied potential of 0 mV and applied K of 20 ksidin. Those tests run at pH 11 (Tests 
Y2-CT-21 and Y2-CT-22) showed slightly lower crack growth rates than those run at pH 
10 (Tests Y2-CT-3, Y2-CT-10 and Y2-CT-11), based on DCPD measurement. The 
differences are not considered significant due to test to test variability. Crack length 
measurement by metallography showed that crack growth was negligible under these 
conditions. Furthermore, it was difficult to visually differentiate between the tip of the 
fatigue pre-crack and a small SCC crack demonstrating that these environments are on 
the borderline between susceptible and non-susceptible despite the observation of SCC 
in the SSR tests of comparable chemistries. 

The effect of chloride concentration on crack growth was also found to be insignificant. 
Comparing the crack growth rate at 0.1 M and 0.2 M chloride determined using DCPD 
in Tank 241-AN-I07 endpoint solution with applied K of 40 ksidin (Tests Y2-CT-9 and 
Y2-CT-14 compared to Y2-CT-15), or with applied K of 20 ksidin (Tests Y2-CT-16 and 
Y2-CT-23 compared to YZ-CT-17), shows no significant effects of higher chloride 
concentrations. 

Thus far the largest chemistry contributor to crack growth is nitrite (or the lack thereof). 
In the standard Tank 241-AN-I07 solution at pH 10 (1.2M nitrite, 3.7M nitrate), 
sustained crack growth was observed at applied Ks as low as 20-30 ksidin, perhaps 
even as low as 10 ksidin. In contrast, in Tank 241-AN-I07 endpoint solutions at pH 10 
(2.3M nitriie, 2.4M nitrate), essentially no crack growth was observed at 40 ksidin 
(though one test did show growth based on DCPD monitoring but post-test 
metallographic examination failed to provide any supporting evidence that crack growth 
had taken place). The beneficial influence of nitrite is further illustrated when the results 
from the 5M NaN03 tests are examined where crack growth rates 10 - 1OOx greater 
than those measured in standard Tank 241-AN-I 07 solutions were measured. 

The effect of potential has been limited to an examination of conditions at 0 mV and 
-100 mV vs. SCE in standard Tank 241-AN-qO7 pH 10 solutions and 0 mV vs. SCE and 
open circuit conditions in Tank 241-AN-qO7 endpoint pH 10 solutions and 5M NaN03. 
The crack growth rates measured by DCPD in standard AN 107 solution with an applied 
potential of 0 mV vs. SCE (Tests Y2-CT-3, Y2-CT-10 and Y2-CT-11) were slightly 
higher than those with applied potential of -100 mV vs. SCE (Tests Y2-CT-18 and 
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Y2-CT-20). This is consistent with expectations from the SSR tests. Though some crack 
growth was detected at an applied potential of -100 mV using DCPD, no conclusive 
evidence was seen during metallographic examination. At open circuit, only the 5M 
NaN03 was observed to still experience crack growth with rates being comparable at 
both OCP and 0 mV. In Tank 241-AN-I07 endpoint solutions at pH I O ,  no crack growth 
was noted at OCP even at an applied K of 40 ksidin. 

Effect of Stress Intensity 

The effect of applied K was explored in an attempt to define the critical threshold 
intensity factor for SCC (Klscc). Based on the results obtained (FIGURE 29), no crack 
growth was detected at 5 ksidin. At higher applied Ks, the crack growth became 
detectable at 10 ksidin but still at slow rates. Additional increases in K above 10 ksidin 
did result in an increase in the crack growth rate but essentially there were no additional 
rate increases with higher K values above 20 ksidin. It is unclear from these data 
precisely what the value of Klscc is in either standard or endpoint Tank 241-AN-107 
solutions but it appears to be between 10 - 20 ksidin, though it could also lie between 
20 - 30 ksidin. 

The conclusion that Klsm lies between 10 and 20 ksidin is based solely on DCPD 
measurements. FIGURE 27, above, demonstrated the relation between DCPD 
measurements and metallographic crack length measurements. The crack growth rate 
determined using the different approaches were equivalent for longer crack lengths, but 
there is a discrepancy between values for the smaller crack lengths. Given that the 
DCPD measurement technique tends to overestimate the rate at lower values and there 
is some difficulty in distinguishing SCC (if present) from the fatigue pre-crack 
metallographically in some cases, it could be argued that crack growth rates are 
negligible below an applied K of 20 ksidin (and perhaps even 30 ksidin). Only one SSC 
crack was clearly distinguishable and easily measurable metallographically from the 
thirteen tests conducted with an applied K of less than 30 ksidin. 

These estimates of Klscc can be used in conjunction with stress analyses and fracture 
mechanics to calculate the critical flaw size necessary for SCC14. If KISCC is assumed to 
be between 20 and 30 ksiyln, and a residual stress of 10 ksi and a 0.5 inch wall 
thickness in the lower knuckle region of the tank were also assumed, a crack would 
have to be between 0.15 and 0.25 inches (respectively) for SCC to occur. The upper 
limit on crack growth rate measured in the recent tests is approximately 2 x IO-' ink. If a 
crack of the critical size were present it would propagate and result in through wall 
penetration in approximately 4 to 5.5 years. Note that these estimates are subject to the 
assumptions made in stress and fracture mechanics analyses which were not 
performed during the course of this work or by GC Technologies. 

'4 M. W. Rinker, J. E. Deibler, K. I. Johnson and S. P. Pilli, 2005. Evaluation and Recommendation of 
Stress Criteria for Stress Corrosion Cracking of Hanford Double Shell Tanks [dra" report, Rev 0) Fig 5.4. 
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It is possible that crack tip blunting effects will influence the measured crack growth 
rates. Intuitively, it would be expected that a higher applied K would provide a greater 
driving force for crack propagation. However, a high stress near the crack tip can lead to 
blunting of the crack tip and a reduction in the effective localized applied K. This may 
explain why the crack growth rates for applied Ks between 20 and 40 ksidin are 
essentially the same. To minimize any effects of blunting all CT specimens were 
immersed in test solution before application of load, and the first five days of DCPD data 
were ignored, however crack blunting has not been actively investigated. 
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Figure 2 9  Effect of applied K on the crack growth rate determined using DCPD (using 
DCPD data after the initial 5 days of testing). 
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Material type: Carbon Steel A537-CL2 Tlme start: 
Material ID 1079 DalaFle: I or? 
Specimen ID: Dqal q -16 I CPP 

RPP-RPT-31680 Rev 0 

R5062-03R 
13 /o I 130 9s 

c- ~ l r  pm 
##.r@~e# .br 

ID E vs. Ref 01) I (Nm2) 

I ‘  

ID * Evs. R e f 0  i (Nm2) 

I I ~everse Potential I V 1 FinalPotential: I V f  

I 
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Work Requestlfest Information Farm 

c c T Q * ~  1 

r .zS2 in a 
0 4 8 L  in cm 
0.254 in2 4-99 cm2 

CURVE SINGUIARITIES 
ID 1 Evs.Ref(V) } 1 (Alm2) I ID 1 E v s . R e f 0  I t (Afcm2) 

I 1 1 I 

~~~ 
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Test Type; 
Material type: 
Material ID 

Potentiodynamic / Potentlostatic Polarization 
Work Requestrrest tnformatlon Form 

ARES AN-IO7 prolect* R5062-03R 
CydiiC Pot8ntiodynamlc Polarizatlfm w e  start: (3 /oJ/>fl!i- 
Carbon Steel A537432 Time start: 3.49 3m 
1079 mtaFi~e: 1 oCp #17Fplll?- &f 

Initial pH: 
Startfng Potential: 

Reverse Current 

Reverse Potential 

Atmosphere:: ModlRed AN407 Tank Waste 
simulant SolLaiOn: 

12 ' 0  (a, mx%n fQuJpsrshvf f - 1  pH: 
' V ScanRak mVIs 

w 
A 
V Final Potential: V 

r - t  L5 S T  mA 

Sample LengW: 
Sample Diameter: 
Sample Area: 

[-'4q in an 
o . t 0  in cm 
Q-2 3 d $ 8 6  can* 

CURVE SlNGULARmES 

COMMENTS: 

....... ...... .. . .  . . . ,. . . ........... . . ..9.3 
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Work RequestlTest fnformation Form ~~~ I 

R ~ s f e r e c e  Elect&. 

Reversecurrent 

CURVE SlNGULARmES 
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Atmosphere:: Modified AN-1 07 Tank Waste 
simulant Solution: 

P 
Reverse Current 

CURVE SfNGCllARITlES 

COMMENTS - 

Test rum b y  Fenrr Qui Homo Phon.: f614 777- 

Project Manegec Sean B r a d %  

Dateend: €31 / I  2 / z o 4  l ime end: & I d  P w \  , QA APPROVED 
NAME: e!& 
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1 m Q A - 1  
Potentiodynamic I Potentiostatic Polarization 

Work Requestrrest Information Form 

M o d i i  AN-I07 Tank Waste Atmosphete:: Simulanl solution: 

. I. 
_IrA I mA 

I I 

CURVE SINGULAFUTIES 

COMMENTS: 

I 
I 

Testrunby: FeMl Gul Home Phone: (614) 777-9599 
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Projed name: ARES AN-107 mject #: R506243R 
Test Type: cydi Potentiodynamic Polarizath Rate start: d h ?  O b  

Material  type^ C a m  Steel A537-CL2 Time start: 3:- &p'"p?+q $+* \ 

Material ID: 1070 OCP m - € p " I I *  c;JI 
~ a t a F ~ e :  cpp Soecimen ID: 
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1 Potentiostatic Polarization 
Information Form 

ARES AN-107 Project #: R5062-03R 

Carbon S t d  A537-CL2 
1079 ocp *b-E ph LO Of 

cydic Polentidynamic Polarization Date start o>/ 02/2oo b 
Time start: 

Data File: 

&oPYv\ CNL P l  h 3 Y W d  1 

Specimen IO: 3 Oq BI 9 -26 

Sdulim; Atmosphere:: 

CPP # 2 b ~ p ~ ~ n  j'kfa .&I 

Reference Electrode: 
OC I so2 3 

122-9,a Temperature I 

. Sample Length: I h z  r9 in cm 
Sample Oieter :  0 id& in an 
Sample Area: 0.7tx in' 4 *8q an2 

CURVE SlNGULARmES 

COMMENTS: 

Test tun by: Fena Gui Home Phone: I Project Manager: Sean B rossia 

I I 
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Sample Diameter: 6 r29 in cm 

Potentlodynamic I Potentiostatic Polarization 
Work Requesmest fnformation Form 

CURVE SlNGUtAFUTfES 



Page 136 of 412 of DA03817132 

RPP-RPT-31680 Rev 0 

Potentiodynamlc I Potentiostatic Pofarization E l  
Work Requesmest Information Form 



Page 137 of 412 of DA03817132 

Sample Lem 
Sample Diameter: 
Sample Area: 
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Work Requestrrest Information Form U 

CURVE SINGUIARITIES 
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Potentiodynamic I Potentiostatic Polarlzatlon 
Work RequesUTest Information Form 

Atmosphere:: M o d i i  AN-I07 Tank Waste 
Sirnutant PP.\=I~ & ?A Solution: 

Initial pH: I io I HnalpH: I y - 3 5  
Starling Potential: I - v . 5  Vvs. S C E  I scan Rate: I 0.1'7 WcV/f mV/s 

COMMENTS 

Teat run by: Fma Gut 

Project Manager: Sean Browia 

H ~ m e  Phanr: 

Dateend: Z f k J  10 A T h e  end / 2 k ? D  
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Starting Poientiat: 

Reverse Oumt 

ReversePotentid 
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N7 0 \Q 
- w a r  vvs. 3 G  Scan R a k  0.17 mV/s 
&mO PA 
Cc.& mA 

3 .msrP9 A 

I 

+ \  vvs: SCf F W  P W d .  c u r 7  vv6. 5C-e 

Potentfodynamic / Potentiostatic Polarization 
Work Requestll'est Information Form 

Sample Length 
Sample Diameter 
Sample Area: 

J 

1 
r - % k  I-zrI In an 

0 4  IBT in cm 
U.7d in2 CM) m2 

ID E vs. Ref (V) i (AlcmP) ID E vs. R e f 0  i (Alcm2) 

, 

COMMENTS 

- 
n n r r .  3 - 1 - d  

Test run by: Fena Gul H m  Phone: @I41 777 -9599 

Pmject Manager: Sean Broas la 

Date end Timeend: @Po3 D b  
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Work Requestrrest tnformation Form 
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Projectname: 
Test Type: 
Material type: 
Material ID: 
Spedmen ID: 
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ARES AN-107 Project #k RW243R 
Cyclic fbtentiedynamic Polarization Date start: 03/$2{  o b 

1079 
Carbon Steel A 5 3 7 4 2  Time start: 1 2 c I J r p r  [ N L  fiqM fid) 

*Dqoc.q -33 
WP =#P96(7-33-UCP*DT# 

DataFile: cpp 

Potentlodynamic / Potentiostatlc Polarization 
Work Requestmest Information Form 

10 Evs. WeJ, i ( A i a n P )  ID Evs.RefDI) \ i (Ncm2) 
I 

I 

Tost tun by: Fenu Oui Hwne Phone: 

I 
I 
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Sample Diameter. 
Sample Area: 
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1- 74q in crn 
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(7-757 in2 d .  a8 an2 

Potentiodynamlc ! Potentlostatic Polarkatfan 
Work RequestlTest lnformatlon Form 

ID E ys. R e f 0  

"' 1 ReferemEtectrode: SCE I pt- = 
\== * 4 "F 

i (Nm2) ID E vs. R e f 0  i (Ncm2) 

ReverseCwrent 
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Potentiod ynamic 1 Potenttostatic PolarIration 
Work RequesVTest Information Form 
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Potentlodynamlc 1 Polentiostatic Polarization 
Work Requestnest Information Form 

proieot name: ARES AN-t07 rpmject R R508263R 
Test Type: Cydic Potentfodynamtc Polar(zatibn Date start: 0 3 / I  b/s b 

Materzal IO: 1079 OCP d t p q o i i  -3L- OCP. DTb 
Soec-men ID 

hAateripll type: Carbon Steel A537-CL2 T h e  start a:vap* u2 pnr) iwi !&/ 

DataFife: cpp ZttDqU 14 - %4. 
~ 

I & 
COMMENTS 
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Potentlodynamic I Potentiostatic Polarization 
Work Requestrrest Information Form 

COMMENTS 
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Sample Lannth: 
Sample Diameter: 
Sample Area: 

RPP-RPT-31680 Rev 0 
, -  

(-2U? In cm 
0 * 187 in cm 
o-7b I In2 4.9 I an2 

Potentiodynamlc / Potentiostatic Polarization 
Work Requestrrest Information Form 

ID [ Evs.Ref(v) i (Alm2) ID 

I Pidecf name: I ARES AN-107 I 

EVS.Ref(V) i(Aicm2) 

I "' I Reference Electrode: 
( 0 3  2 

(22Z(C 'F Temperature I 

COMMENTS 
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I 
Initial pH: 4-47 

a 50 PA 
Reverse Current k4.6 illA 

0 COO'& 6 A 

Starting Potentiel: -0hT vvs. JCE 

RPP-RPT-31680 Rev 0 

t 
F b I  PH: 7.72- t 
Scan Rate: b.17  mVIs 

I 

i 

Potentiodynamic / Potentiostatic Pofarization 
Work Requestrrest Information Form 

ID E vs. R e f 0  i (Afcmt) ID 

I I ARES AN-I07 I Projectname: 

Evs.Ref(V) [ i (Alcm2) 

I Material I D  I 1079 

I a 

Tea run by: Few Gul 

Project Manager:- Brossia 

Home Phone: _I614)mQs99 

6 - 2 2  
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tD 

RPP-RPT-31680 Rev 0 

Evs. Ref or) i (Alan21 ID E vs. Ref (V) i (Alcm2) 

I 

Potentrodynamic 1 Potentiostatic Polarization 
Work Requestrrest Information Form 

Project name: 
TestTme: 

!43R 1 

Initial pH: 9.4 9 I F i i l  p H  Q,63 
. Stafting Menlial: - 0,y vvs. f ClE Scan Rat& P I  1 7  mVls 

CIA 
I Reverse Cunent mA 

I 
I 

Q- 23 
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ID 

RPP-RPT-31680 Rev 0 

Em. ReFp) 1 (-1 ID Em. Ref(v) i (Nm2) 

Potentlodynamic 1 Potentiostatic Polarfzation 
Work Request/Test Information Form 

I .  

p-24 
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RPP-RPT-31680 Rev 0 

Potentiodynamtc I Potentlostatic Polarization 
Work RequesWest Information Fom 

I SPedmen ID: 

~~ 1 ARES AN-IO? 
1 cyclic Potentitxiynamic ~~lar iza~on 
carbon Steel A537-CL2 
1079 

i#b9 019 -42 

Reverse Current 

CURVE SINGULARtTlES 
ID I Evs.ReC(V) 1 I (Alcm2) I ID I Evs.Ref(V) 1 i (Alcm2) 

I I 1 I 

$- 25 
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RPP-RPT-31680 Rev 0 

Potentiodynamic 1 Potentlostatic Polarization 
Work RequedTest Information Form 

ReferenCe 
'F Electrode: I 2 

l 2 2 Z  4 I Temperature 

Reverse Current 

hl 
I 
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RPP-RPT-31680 Rev 0 

Sample Length: 
Sample Diameter: 
Sample Area: 

Potentiodynamic I Potentiostatic Polarization 
Work RequestrreSt Information Form 

\.2s* in cm 
9. VL in cm 
0 -19 in2 4% Qo m2 

ID E w. Ref(V) 

ARES AN1 07 sohrtion Batch IO: 

i (Nan2) ID Evs. W(V) 1 I (NmP) 
I 

I 
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Sample Length: 1-aS-o in an 
Sample Diameter: 0 .  (81 in cm 

, SampleArea: 0.758 in2 4.84 cm2 

RPP-RPT-31680 Rev 0 

Potentiodynamic I Potentiostatic Polarization 
Work RequesVTest Information Form 

Reverse C u m  

1 T d  fun by: Tone Gul Horns Phone f61A 777QMHl 
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RPP-RPT-31680 Rev 0 

Potentiodynamic 1 Potentiostatlc Polarization 
Work RequestlTest Information Form 

Test run by: Fena Oui Home Phone: 16l417779sQ9 

Project Managsc- Brosstq 
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RPP-RPT-31680 Rev 0 

Potentiodynamic / Potentiostatlc Polarization 
Work Requestrrest fnforrnation Form 

I I I 

Test run by: Fena Oul Home Phone: I614 777- 

Project Manager  Sean Brwsia 

Date end: O @ / > \ [ Q a  TIM end: la30 0, 
, 

DATE: 
R-30 
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RPP-RPT-31680 Rev 0 

Potentlodynamic I Potentiostatic Polarkation 
Work Requestrrest Information Form 

COMMENTS 
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Rolect name: 
Test Typo! 
Material type: 
Mmterlai ID: 
Speclrnen ID: 

RPP-RPT-31680 Rev 0 

ARES AN407 Project 2: R5062-03R. 
Cyclic Potentlodynamic Polarizatton Date start: o C/32/06 

1079 
Carbon Steel A5376L2 Time start: p ' \ ' O h l  rJ* p.qy w 4  

OCP D b q o l q - 1 ~ 8 ~  ocp,'cor 
&-Jq at9 - fd - CP?. (b, #Pqolq -u - CPP 

Data Fik: 

Potentiodynamlc / Potentlostatic Polarization 
Work Requestrrest Information Form 

Initial pH: 
Starting Potential: 

Reverse Current 

il.0l Final pH: IJ * H - 0. r vvs. $& Scan Rete- 3117 ' mV/8 
48 HV N 1 
a.88 mA 

o.oouWA A I I 
Reve~sePotentlal [ Y0.K vvs. I Final Potentlak 1 -0.y V V s . $ G  

I 

I Potentiaaat IO: I OB 06 I 

COMMENT& 
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Modified AN-I07 Tank Waste Slmufant 
Solution: PH=LI rd-3 0-2 vv\ 

$473-2 "C 
o a z ! q  "F Temperature 

RPP-RPT-31680 Rev 0 

Atmosphere:: EIL PWyd 

9s RefelCHlCR 
Electrode: 

hltlal pH: 
starting P~Aential: 

Reverse Cummt 

Reverse Potential 

r !  Final pfi: lW3 -iPr vvs. SC€ Scan Rat= 0117 mVls 
dP7+ VA 

u . Q ~ & a 7  A 
. mA 

- t o y  V vs. SCF F i d  Potemthl: -9.r VVS. SCF 

8empkLongth: 
Sample Diameter: 
SampleArea: 

COMMENTS: 

f -3 1-3 in cm 
0.ldS in an 
0-3 s s in2 4-8- I Cm' 

Test run by: Fenp Oui Horns Phone: 1st41777-95~9 

Project Manager: Sean e-iq 

6- 33 
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RPP-RPT-31680 Rev 0 

Potentiodynamic I Potentiostatic Polarkatlon 
Work RequestlTest Information Form 

6-34 
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RPP-RPT-31680 Rev 0 

Potentiodynamic / Potentiostafic Polarization 
Work RequesUTest Information Form 

Reference 
r22Lte "F I Electrode: 
$ 0 5 2  Temperature I 

fa4 777-ssa I Taat run by: Fena Oul HamePlaone: I 
. R / o b  Tinm end: 32) 3 

1 I 

NAME:U!&- 
DATE: fn .J-OL 

. ~~ .. .- ....,.. . .... . . ~ .. ~ . . 6: ~ 35 . .. . .. .... . .. .. . .... , . . . .  ...... 
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RPP-RPT-31680 Rev 0 

Potentidynamic I Potentiostatic Polarization 
Work Requestrrest Information Form 

Teat run by: Fena Gui Home Phone: I614 m a w  
Pmjact Manager. Scan B r W a  
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ARES AN107 Solution Batch I D  

RPP-RPT-81680 Rev 0 

PNlJ 

or-r7- 0 6  

sAAa 

Potentidynamic I Potentiostatic Polarization 
Work RequestlTest Information Form 

0-- 37 
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'C 
I t a l e  'F Temperature 

RPP-RPT-31680 Rev 0 

I 

9@ R-Ca 
Electrode: 

Potentiodynamic I Potentlostatic Polarfration 
Work RequeStlTest Information Form 
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RPP-RPT-31680 Rev 0 

Potentiodynamic 1 Potentiostatic Polarization 
Work RequestlTest Informatfon Form 

7 ARES AN107 SOluHon Batch ID 

T d  run by: Fena Gul Home Phone: I614 777-6599 

Profera Manauw: Sea Bnwa ia 

Dateend: S 1 W - L  h e  end: D 

6- 39 
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RPP-RPT-31680 Rev 0 

- .  

Potentiodynsrhic i Potentiostatic Polarization 
Work RequesUTest Information Form 

Prafect nane: I ARES AN-I 07 I Project# I R5062-03R 
Test Type: I cyclic Potenmamic Polarization I Date start: bS/z r12 - 6 
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RPP-RPT-31680 Rev 0 

Potentiodynamic 1 Potentiostatic Polarization 
Work Requestnest fnformation Form 

Reference I pax4  OC "F I Uectrode: 
sU*z 

Temperature I 
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RPP-RPT-31680 Rev 0 

Potentiodynamic / Potentiostatic Polarization 
Work RequesVTest lnformatlon Form 

I I 
II I Fln*l nu. 

COMMENTS. 
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RPP-RPT-31680 Rev 0 

I Modifled AN-107 Tank W e t  Simulanl 
solution: pH=\I > p y h  #\+rl Atmosphe~:: r,q*A 

b$* &m= 

t z i - t c  !G SO*? 'C Reference 
3. 'F Electrode: Temperature 

I 

Initial pH: Ir*o Final pH: I V . 4 0  
Starting Potonthk -a\r vvs. SCEr Scan R a k  0 1 1 1  , mVfs 

uqoo PA / 
4.9. mA 

COMMENTS: 

. .. ... .. .. 

Test nm by: Fena Qui Home Phone: 1614) 777-9W 

Project Managec Sean Brosala 

L NAME:& 
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- 
Pmjed name: ARES AN407 Project # 
Test Type: Cyclic Pohtiodpmic Polarlzatlon Date start: cQ/rqI>aob 

- 
~ Material type: Carbon Steel A537CL2 Time start: I!*% t N z  w m  ’5 

RPP-RPT-81680 Rev 0 

OCP 
CPP 

Potentiodynamic 1 Potentiostatic Polarization 
Work Requesmest lnformatlon Form 

# bW4- 60- W. DTh 
# F901q- 60 -CPp. DTP 

Data File: Material ID: [ 1079 
Specimen ID: @D,ltelq -bo . 

1 R506243R I 

Modiiied AM107 Tank Waste Sknldant 
Solution: fc1-3 = 0 -2 nn Atmospherp:: 

It - oar 

COMMENTS 

U 

1 Test run bv: Fena GuI Home Phone: 4614 777-9699 I 
I fit 1 

Y 

DATE: t -Ob 

8- 44 
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- 
sample Length I I .2qQ in cm 

Sample Area: I 9-769 in2 4.9v cm* 
Sample Diameter: dl  rdJ in cm 

e€E Aruio7 

6- t3-CJ 6 
ARES AN107 Solution Batch I D  

RPP-RPT-31680 Rev 0 

Potalltrostat: IpPe 273 
Potentlostat I D  1 Oc90&? 
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RPP-RPT-31680 Rev 0 

Potentiodynamlc I Potentiostatic Polarization 
Work RequesVTest Information Form 

I 

COMMENT& 
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Inltfal p H  
Starting Potential: 

Reverse Cumnt 

RPP-RPT-31680 Rev 0 

I 

!I Ffnal pH: t t * t U  
-0t.r vvs. scr  Scan Rate: a t 1 3  mVls 

aim pA 

0 .30,0'~84 A 
-$Pi mA 

Potentiod ynamic I Potentiostatic Polariratlon 
Work RequestfCest Information Form 

Potantkstat: I~hIIZnr 3so 
Potentioatat ID: 1 ru4 1 

Test run by: Fencl Gul H u n o P h o n e .  I6lc1777-9599 

I 

43-47 
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RPP-RPT-31680 Rev 0 

Sample Length: IQ&4 In an 
Sample Diametec a, IPC in m 

~sampre Area: nc7S3 “ I .  inz 4dY an* 

ARES AN107 Solutlm Batch ID: i+RFs pH= 11 ts2w.2m 
8 6 - 

I Potsntioslat: pprz. 5333  - 
Potentloslat ID: fUl0 

Test run by: Fena Out HomePhone: 18141 777-9598 
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Sample Length: 
Sample Diameter: 
Sample Area: 

RPP-RPT-31680 Rev 0 

\ o f 2  m em 
o.raL in em 
.* cm2 in’ 0 

Potentiodynamic I Potentiostatlc Polarhation 
Work Requestrrest Information Form 

COMMENTS: 

I I 

I Home Phone: I6441 R7-ga9e 

I 1 

-’? .. . .  . ... B- 49 
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RPP-RPT-31680 Rev 0 

-Sample Lenath: la51 in cm 
Sample Diameter: 0,.186 in cm 
Sample Area: 0.7 L3 in2 4-qx cm* 

. 

ARES AN107 Solution Batch ID: 

Potantlostst: 
Potentlostat ID: 

Test run by: F.rm Out Uome Phone: IWA 777-96S8 

$9- 50 
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Sample Length r4e7 m cm 
Sample Dlamoter: l7 I rat, Ill cm 

-Sample Area: 0-7s 6 in' 44d mz 

RPP-RPT-31680 Rev 0 

Potentlodynamic I Potentiostatlc Polarization 
Work RequestTTest Information Form 

8- 51 
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RPP-RPT-31680 Rev 0 

Potentiodynamic 1 Potenttostatic Poiarizatlon 
Work Requesmest Information Form 

Modiikd AN-107 Tank Waste Sinubnl 
Solution: Atmosphere:: NmOgm purgad 

Referenoe 
'F Electrode: I if4722 

r2z.tY: temperature I 

N I E P A  m w n  

Teat run by: Fena Gui Home Phone: {SI41 777-9598 
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Modified AN-107 Tank Waste Simulant 
Atmosphere:: p w u  S 4 - U  Solution: 

RPP-RPT-32680 Rev 0 

Nitrogen purged 1 

Potentiodynamic / Potentiostatic Polarization 
Work Request/Test Information Form 

lnitlai pH: It  c o  
Startlng Potential: - 0' V vs. SCE 

4 9  *r llA 
Reverse Current 4 4  0 mA 

uLgo)6q A 
Reverse Potential 49 *d Vvs. SCE 

Final pH: I C $ )  
SC8n Rate: 0 1  I7 mVls 

I 

0 Final Potentlal: V vs. SCE 

Reference 
"F Electrode: 
"c I m 2  I 122M Temperature 

Sample Length: 
Sample Dlameter: 
Sample Area: 

1 SCE 

i b >  $7 in cm 
0'186 in cm 
a.7SCT in2 4.9.0 cm2 

ARES A"l07 Solution Batch ID 

Potanttostat: 
Potentlostat ID: 

pa€s W@') 
P\-l= r \  
0 7 - O S - 0 4  

PAP 273 
B O Q 6  

Test run by:- 0 ui Home Phone: I6141 7779599 I I 
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Test Type: 
Materfal type: 
Material ID: 
Specimen ID: 

RPP-RPT-31680 Rev 0 

Cyclic Potentlodynamic Polarization Date stark 0710 bloc 
Carbon Steel A537-CL2 Time stark tz'rooppm t i v a  p R q ? . q  \ 

4toq44 -7.0 
QCP &to4 ~ i + 7 ~ - 0 c p . ' & ~  
CPP * 045(9- 3oecpix rm Data File: 

1079 

Potentiodynamic / Potentiostatic Polarization 
Work RequestlTest Information Form 

Sample Length: 
Sample Diameter: 

I Project name: I ARES AN-I07 I Proiectt: I R5062-03R I 

I *W? in cm 
V t  ras in cm 

AftES'AN107 Solutlon Batch ID: 

Potantlostat: 
Potentlostat ID: 

. -  

Reverse Current 

f k € S  ANGO*) 

PAR 173 
i3@> 

w= If 
0 7 - o s - 0 6  

Tea run by: Fern Gui Home Phone: 16141 777-9599 

Pmject Manager: Sean Brossla 

W 
Dateend: O T / i  0 [T Tlmeend: f ( 2 7 0 B w  QA APPROVED 

ni 

6554  ' 
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Solutlon: 

RPP-RPT-31680 Rev 0 

Madlfied AN-I07 Tank Waste Sirnutant 1 

P I ~ = ~ . S  mol poi;.+ Atmosphere:: Nitfogen purged 

Potentiodynamic / Potentiostatic Polarization 
Work RequesVTest Information Form 

lnitlal pH: 
Startlng Potentlal: 

Reverse Current 

Reverse Potentfat 

I ’  

1 I 

9.z Ffnal pH: 4-7 
aQ2 0 HA I 

0 QW? 2 A 

-0 Ir V vs. SCE Scan Rate! 0, r) mW5 - 

G!4 2 mA 

@,.IC Vvs. SCE Ffnal Potential: - 0 t f  Vvs.SCE 

5oe Refersnce 
1 m  Temperature I SCE 

Test run by: Fena G Uf Home Phone: fa41 177-9598 

ProJwt Manager: S m  Brossla 
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Sample Length: . 
Sample Diameter: 

RPP-RPT-31680 Rev 0 

I - 2J2 In cm 
W B ’ )  in -cm 

Potentiodynamfc I Potentlostatic Polarization 
Work Requesmest Information Form 

Modied AN-I07 Tank Waste Sknulant 1 

Solutlon: Atm08pher6:: Nitrogen purged 

I 

Refemnce 
“F Eleutmde: 

*= I s a  
7 22&4 Temperature 1 SCE 

I 
Initial pH: I . ia=qA I Final PH: II.d’I 
Startlr SCE 1 Scan Rate: I t7d> mVls I -  ig Potentlal: 1 -.01r Vvs. 1 

U A I  I I 1 
m* I 

A I  
I I I 1 

~ L Reverse Potential I -fb\V Vvs. SCE . I Final .Potential: I c3 Vvs.SCE I 

ARES AM07 Solution Bkch ID: 7 
Potantlogttkk 
Potentiostat ID: 

, 

/ 1 
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M a d i e d  AN-lo7 Tank Waste Simulant 
Atmosphere:: ptq=u ~ ( l ( - J = O ~ z N \  

Solution: 

I 

RPP-RPT-31680 Rev 0 

Nitrogen pursed 

Potentiodynamlc / Potentlostatic Polarization 
Work Requesmest Information Form 

Inkial pH: 
Startlng Potential: 

Reverse Current 

Reverse Potential 

W 4 X  Final pH: i f  *a) 

tfqm PA I 
- Q\Y ' Vw. SCE Scan Rate: O t I 7  mVls 

v.4 0 mA 
0 r d k q  A 

I 

*O\U Vvs. SCE Flnal Potential: -Si@$- Vvs.SCE 

me  Reference 
1224 OC 'F I Electrode: I Temperature 

Sample Length: 
Sample Diamefer: 
Smpk Area: 

I SCE 

1 .as',. in cm 
0 6 @b In cm 
O.7r 9 in2 69' an2 

ARES ANIW Solution Bhtch ID: 

Potantioaat: 
Potentlostat ID 

f Test run by: Fern 0 ui Home Phone: (618 777-9SB9 

l0 

- =*2- pl: I I 5 paos 
a 7 -  17 -06 - 

&mry ')so cwp.,, 
( 0 2  

PAR 37- u7> cpr 
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' 

RPP-RPT-31680 Rev 0 

Sample Length: r-,n in an 
. Sample Diameter: o* [BB In .an . SampIe Area: 0 -7 67 in2 4-91 m2 

Potentiodynamic / Potentiostatic Polarization 
Work RequesWest Information Form 

Reverse Current 

ARES ANI07 Solution Bitch ID: 

Potantlostat: 
Potentiostat ID: 

przrs w r e 3  
pH =to et\apQ 

p-73 
-r7-06 

t 3 U 7  

Test run by: F e m G  Ui Home Phone: {til 41 777-9JB9 

Project Manager: Sean Brossla 

weemi: 03/+1,7 Time end: g+-* QA APPROVED 
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Material type: 
Material I D  
Speclmen I D  

RPP-RPT-31680 Rev 0 

Carbon Steel A537432 Time start: ["US w c Nc p w s h \  t 

stpq elal-7S CPP 3 l D P q P l f - 3 r -  m. 
OCP *)tq*r4-3r- ocp - Data Flle: 1 om 

Potentiodynamic I Potentiostatic Polarization 
Work RequesVTest Information Form 

Project name: 1 ARESAN407 I Project# I R508243R 
Test Type:, 1 Cyclic Potentlodynamic Polarization I Date start: I o7t w4 I 

Sample Length: 
Sample Diameter: 
Sample Area: 

I *.zv I in cm 
01 (Ph in cm 
0-7 J-2 in' /$ car Cma 

ARES AN107 Solutlon B h h  ID: 

Potantlogtat 
Potentlostat I D  

(rBs A d  ro 
d 7p- 

0 7 4 3 - - 0 6  

OVf& 
PAR e 3  
I 
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RPP-RPT-31680 Rev 0 

Potentiodynamic I Potentiostatlc Polarlzation 
Work RequestlTest Information Form 

Reverse Current 

Sample Diameter: I in an 
Sample Area: 0 - ? S 7  inz 448 cm2 

ARES AN907 Solutlan Bhch ID: 
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Sample Length: 
Sample Dlameter: 
Sample Area: 

RPP-RPT-31680 Rev 0 

( L m  in cm 
t?+ m in cm 
0.72 b in2 4. b,! m2 

Potentiodynamic / Potentiostatic Polarization 
Work RequestiTest Information Form 

ARES AN107 Solution Batch I D  

Potantlostat: 
Potentiostat I D  

prP pl(3 

07 -31 -06  

y f q l ~  

&.p 1 
J 

p h ~ = 7 3  

. . .. . .  . __ -. . . . .. . 

I 
le& run by: Fena Gul Home Phone: f6141777-9699 

Project Manager: Sean B m  

g-61 DATE: 
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Solution: 

RPP-RPT-31680 Rev 0 

Atmosphere:: Nitrosen Purged 

Potentiodynamic 1 Potentiostatic Polarization 
Work Request/Test Information Form 

Temperature 

lnltlal pH: 
Starting Potential: 

Reverse Current 

m2 SCE "C Reference 
122&4 O F  Electrode: 

Final pH: { 0 * 8  7 
.-* $ST VVS. SCE Soan R a t e  0 4 mVIs 

k?P llA 
e 7  I mA 

Sample Length: 
Sample Diameter: 
Sample Area: 

I 0 1 4 0 ~ 7  I A I I 
Reverse Potential I + a  \P Vvs. SCE I Final Potential: I -w~J-  Vv8.SCE 

1.24 9 in cm 

0.7730 in2 4.71 cm2 
D e r8 in Cm 

ARES AN107 Solution Bhtch ID: 

I 

Potantlostat p A R  273 
Potentlostat ID: IO~U'(( 

/ 

PRES fWl03 

oy- jr- PlO 

PH = I t  

Home Phone: 18.141 7774- 
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Sample Length: ( .2 $Z in cm 
Sample Dfameter: 01 Ob in cm 
Sample Area: 0.73 2. in2 mz 

I 

AKFs w 1"3 
ARES AN107 Solution &itch ID: pH El 0 

- 07-0 6 
~ Potantlostat: PAR 22.75 
Potentfostat ID: &VI- 

RPP-RPT-31680 Rev 0 

Potentiodynamic / Potentlostatic Polarization 
Work Requestmest Information Form 

Solution: Atmosphere:: Nitrogen purged 

w 
122i4 Temperature I SCE 

Reverse Current 

ITestrunby: FenaG ul Home Phone: rrne 7774699 

DATE: q-s'06 .B- 63 
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Project name: I ARES AN-107 Project P: 
Test Type: I Cyclic Potentiodynamic Polarization Date start: 
Materia! type: I Carbon Steel A537-CL2 Time start: 

RPP-RPT-31680 Rev 0 

R506243R 
o J / i 7 / ~ 6  

ly  pr)" 

Potentiodynamic / Potentiostatic Polarization 
Work Requestnest Information Form 

' 
Materia! IO 11081 
Specimen ID: qccrw - 4 

OCP ( t c ~ t i = ~ 8 1 - 4 -  U C ~ .  CW 
CPP ccr te81-a -c1~~ .  wr DataFile: 

Modified AN-I07 Tank Waste Simuiant 
Solution: Atmosphere:: NRrogen purged 

Sample Length: 
Sample Diameter: 
Sample Area: 

Reference 
122t4 

5&2 Temperature 

I -w in cm 
0 %  la& in cm 
0.33. in2 4.7 I cm2 

I SCE 

ARES AN107 Solution Batch ID: 

Potantiastat 
Potentiostat ID: 

I Initial pH: i d  Final pH: 10 .gu 
Starting Potential: - orr V vs. SCE Scan Rate: Q t I  7 mVls 

IIA I 

P R ' D S  M J W  
pyzrl b- 3 -*OS* 

0 8 -  16 -0 I 
phRw3 
VV'b 

Teat run by: Fena Gul Home Phone: 16141 777-9590 I 
Project Manager: Sean Brossiq 

Date end: 33 /a 1 f 0 & Tlmeend: P e  P m  QQ APPROVED 

R- 64 
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Project name: ARES AN107 Project I: 
Test Type: Cyclic Potentiodynamlc Polarization Date start 
Material type: Carbon Steel A537-CL2 Time start: 

OCP 
Data File: 

Material ID: 1081 

RPP-RPT-31680 Rev 0 

R5062-03R 
o S / i ? / c b  
b \ V i  p‘v\ 
R Cc7f”jI- $ -oCp,  Tm 

Potentiodynamic / Potentiostatic Polarization 
Work Requestrrest Information Form 

Specimen ID: CPP f r C c r r 0 8 r -  r- ap3, -p-r & ‘ C C t l d f  - s- 

I Reference 
OC “F I Electrode: 

5m2 
122f4 Temperature 

lnltlal pH: 
Starting Potentlal: 

Reverse Cumnt 

I SCE 
I 

( 1  Final pH: redI 
-8k r VVS. SCE Scan Rate: ot 1’) mVls 

4720 PA I 

633> rnA 

Sample Length: 
Sample Diameter: 
Sample Area: 

I 

Reverse Potential I 
I 

[.2s-l in cm 
6tf8L in cm 
bG331 in2 4\73 cm2 

E 

ARES AN107 Sdutbn Batch ID: 

Potantlostat: 
Potentlostat ID: 

1 I 

1 Final Potential: I +urlr Vvs.SCE 

p2b.S 4fUrs-7 
Pt+ 14 
0 8 ’-I 6 0 & 
VAR 2273 
L@lO 

Test run by: Fena Oul Home Phone: i6l4l777-9599 

Project Manager: Soan Brossla 

Date end: 4 y z  t l o  6 Tlme end: &Za OQp 4 A  APPROVED 
I 

DATE: 9-6 A 65 



Page 191 of 412 of DA03817132 

Project name: ARES AN-1 07 
Test Type: Cyclic Potentiodynamic Polarizafin 
Material type: Carbon Steel A537-CL2 

Specimen ID: C#CCT t-8' -6 
Material ID: 1081 

RPP-RPT-31680 Rev 0 

Project #: 1 R5062-03R 
Date start: 
Time start: $:w P- 

1 0 8 1 ~  3 /e 6 

OCP 4 CCT fa8 I - 6- oCp.Cdr 
CPP a CCTfsgI-  6 - c ~ P .  CW Data Flle: 

Potentiodynamic I Potentiostatic Polarization 
Work Requestrrest Information Form 

ModtedA 1 7 nk steS 
Solution: - F&d!f2 f@@'3% Atmosphere:: Nitrogen purged 

I "F I Electrode: Reference 
W f 2  

12a4  1 Temperature 
I 

Initial pH: 
Starting Potential: 

Reverse Current 

1 SCE I 
( l . 0  Flnal pH: 10 *ab 

-0ty V vs. SCE Scan Rate: 0 1  17 mVls 
it72 0 PA 
4-72 mA 

0 m 7 Q  7 'z A 
I I I ReversoPotentlal I .r[ Vvs. SCE I Final Potentlal: - 0 S . r  V vs. SCE 

COMMENTS: 

Teat run by: Fena Gut Home Phone: (6l41777Q598 

Project Managec Sean Brossia 
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Solution: Atmosphere:: 

RPP-RPT-31680 Rev 0 

Nitrogen purged 

Potentiodynamic / Potentiostatic Polarization 
Work Requestrrest Information Form 

Room Reference I 122f4 "F Electrode: Temperature I 1 SCE 

lnltlal pH: I I  Final pH: f0.90 

I 47 fa I 
StartIng Potentlal: -0IJ-V VS. SCE Scan Rahr: 3 1 1 7  mVls 

A 

Reverse Potentlal 1 - t J  Vvs. SCE I Final Potentlal: 1 ~ e t r  VVS-SCE 

Test run by: Fena Gul Home Phone: 16141 777-9599 

ProJect Manager: Sean BrorEla 

Dateend: 4 / > Y ( a 6  QA APPROVED 

6- 67 DATE: 9-r-L 
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Solution: 

RPP-RPT-31680 Rev 0 

Atmosphere:: Nitrogen purged 

Potentiodynamic / Potentiostatic Polarization 
Work RequestJTest tnformation Form 

Initial pH: 
Starting Potential: 

Reverse Current 

Reverse Potential 

I 

Y *if Final pH: q.3 
-oar VVS.SCE Scan Rate: 0, I-? mVls 

472.0 PA 
Q. 72 mA 
o b O u Q 7 2  A 

Vvs. SCE Final Potential: - 19 I Ir V VS. SCE t O ' V  

Sample Length: 
Sample Diameter: 
Sample Area: 

-2 "C IReference 
Temperature 1224 'F Electrode: 

I *35?  in cm 
o*lBb in cm 
073n in2 4 r 7 L  m2 

ARES AN107 Solution Batch ID: 

Potantlostat: 
Potentiostat ID: 

PRES A"o7 

Q 8 -+od 

#+e >?3 

p H' 'r 

13&7 

Test run by: Fena Gui Home Phone: 16141 777-9599 

QA APPROVED Project Manager: Sean Brossla 

timeend: [2e*;!M -. - 
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Solutlon: Atmosphere:: 

RPP-RPT-81680 Rev 0 

Nitrogen purged 

Initla( pH: 
Starting Potential: 

Reverse Current 

Rwefse Potential 

I 5M2 
122*4 Temperature 

q8r F lnal pH: IO 
V vs. SCE Scan Rate: o m  mVIs 
6 7  la CIA 

\UOV71 A 
It.7 I mA 

d'@ vvs. SCE Final Potential: - m 7  V ~ . S C E  

I I SCE 

Sample Length: 
Sample Diameter: 
Sample Area: 

( a q  in cm 

0'  I3L in2 @* 72 cm2 
(3 in cm 

ARES AN107 Solutlon Batch ID  

Potanttostat: 
Potentlostat ID: 

Test run by: Fena 0 ul Home Phone: (6141 777-9!SB 

6a-o~ 

08-W-06  
PBP 2 73 

GOVL 

r t-t= 7 ' 

Project Manager: Sean Brosrla 

8- 69 
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RPP-RFT-31680 R e v .  0 

Appendix C: Slow Strain Rate Testing (SSRT) 
Information Forms 
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RPP-RPT-31680 Rev 0 
Slow Strain Rate 

Work Reqcsestrrest Information Form 

Person Performing Test: - --Id3 p G-PF5.7' Homephone:'74~ SYF? 77v7 
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RPP-RPT-31680 Rev 0 

Test Sheet Addendum 

Test f Readings 

Sample # D% i 9 - 3 7  
Filar Eye Piece 

CCT # 0224 r 

Magnification 

incheslgraduation .EO ( Reading, inches/ = Final Diameter, 

63 

3 0  x Avg. 

graduations graduation in. 

c3 ,L"@ I QL3 

Comments 

! 

I 

I 
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RPP-RPT-31680 Rev 0 ' W I " ~  -A,- D I <  a 
Slow Strain Rate 

Work Requestrrest Information Form 

TEST PARAMETERS I 
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RPP-RPT-31680 Rev 0 
Slow Strain Rate 

Work Requestrrest Information Form 

4-274 

. CRACKING UAI  t: 
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Test # 

Sample # nso\s 3tl 
Filar Eye Piece 

CCT # 0224 

Magnification 30 k! 
inchedgraduation maw1 

RPP-RPT-31680 Rev 0 

Test Sheet Addendum 

Avg. 
Reading, inches/ = Finat Diameter, 

graduations graduation in. I 

! 
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RPP-RPT-31680 Rev 0 + O I L  '/ao/,, ~ 

Slow Strain Rate 
Work RequestilTest Information Form 

PersonPerfmingTeSt: G cr st iifJlnephone: 7qi) s q 8 7 w 7  
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RPP-RPT-31680 Rev 0 

Test C SSR-3 
Sample # D9OI9-3L 
Filar Eye Piece 

CCT # 0224 

Magnification 3 0  
incheslgraduation -00 I 

Test Sheet Addendum 

Readings 

9'1 4 5  
as 2 f  
67 6 7  c 

Avg. 
Reading, * inches! = Final Diameter, 

graduations graduation in. 

Gf -80 

C'- 7 
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Test # 55s- 5- 
Sample # ,0901$ - 3 d 
Filar Eye Piece 

CCT # 0224 

Magnification 3 0 A  
tncheslgraduation , D O  I 

RPP-RPT-31680 Rev 0 

Test Sheet Addendum 

Readings 

8 5- 
,370 
LS 1- 

Avg. 
Reading, inched = Final Diameter, 

graduations graduation in. 

u- &a0 I t 0 L S  

Comments 

(>- 9 +I&- 
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. CRACKING 

Crack Mode: 

Low power pox): Maz.CraCkDepth: rnm ' 
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Test # 5SR- 6 
sample P 
Filar Eye Piece 

CCT # 0224 

D Fo t 99 39 

Magnificatlon 30 x 
fnchedgraduation '00 

RPP-RPT-31680 Rev 0 

Test Sheet Addendum 

Avg. 
Reading, inched = Final Diameter, 

graduations graduation in. 

6b  coo I 

Comments 

I 
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RPP-RPT-31680 Rev 0 
Slow Strain Rate 

Work Requestrrest lnfonnation Form 

t+xnePhone: 7FcoL'fg* 77Y7 
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RPP-RPT-31680 Rev 0 
Slow Strain Rate 

Work Requestrrest Information Form 

person PelfoRnihg Test &e Get&- Homephone: 7YtlFfv 72v7 



Page 209 of 412 of DA03817132 



Page 210 of 412 of DA03817132 



Page 211 of 412 of DA03817132 

Test # 

Sample # 

Filar Eye Piece 

CCT # 0224 

Magnification 30 x 
lncheslgraduation ,QO I 

Comments 

RPP-RPT-31680 Rev 0 

Test Sheet Addendum 

Readings 

q7 
XS 
7J- 

Avg. 
Reading, inches! = Final Diameter, 

graduations graduation in. I 

t 
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Test # .ssn-r I 
Sample # bqS Iq-S-7 
Filar Eye Piece 
CCT # 0224 

Magnification 3 O K  
inchesfgraduation . Q o  f 

Comments 

RPP-RPT-31680 Rev 0 

Test Sheet Addendum 

Readings 

7 9  
II, b y  1- 

Avg. 
Reading, inched = Final Diameter, 

graduations graduation in. 

66/ ,001 r 0 6  s- 

i 
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RPP-RPT-31680 Rev 0 

Slow Strain Rate 
Work Requestrresf fnformation Form 

PersOnperfomMg . Test: T Q ~  Homephone: 7Yo SYf 77v7 

.- 
- CRACKING 



Page 216 of 412 of DA03817132 

Test # 5s (2-1 3 
Sample # 09619-6 I 
Filar Eye Piece 

CCT # 0224 

Magnification 3 ox 
inchestgraduation tao I 

Comments 

RPP-RPT-32680 Rev 0 

Test Sheet Addendum 

Readings 

77 
11 
& &  * 

Avg. 
Reading, inched = Final Diameter, 

graduations graduation in. 

6 6  ,BO I L O & &  

I 

i 
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Filar Eye Piece 

CCT # 0224 

Magnification 3QX 
lnchedgraduatlon e 00 I 

RPP-RPT-31680 Rev 0 

Test Sheet Addendum 

Readings 

i?/ 
a0 
61 c 

Avg. 
Reading, inches/ = Flnal Diameter, 

graduations graduation in. 

Comments 

D 

! 

I 

c: 23 
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RPP-RPT-31680 Rev 0 

Slow Strain Rate 
Work RequestfTest Information Fonn 

PersonPerfomhgTest G.eJs 7 %  SYb. '  77Y7 

' :  . . ,  . . . .  . . . .  . . . . . . . .  . . .  . . . . . . .  - . .  . . . .  . . . . . .  . . .  . . . . . . .  % : .. . . . .  . .  
, - L 

, , .  :., . . 
. .  S ' . . . .  . .  . .  . .  . .  

, . .  . .  
. .  

. .  
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. . .  
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Test # S b z -  t6 
Sample # 

Filar Eye Piece 

CCT # 0224 .) 

Magnification 30 7 
incheslgraduation 180 1 

Comments 

RPP-RPT-31680 Rev 0 

Test Sheet Addendum 

Readings 

77 
I +  
Gi a- 

Avg. 
Reading, inched = Final Diameter, 

graduations graduation in. 

61 t I COG I 

C .  26 
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Filar Eye Piece 

CCT # 0224 

Magnification 30 Y 
incheslgraduation I O &  I 

RPP-RPT-31680 Rev 0 

Test Sheet Addendum 

Readings 

$5 

61 c 

AVg. 
Reading, inched = FInal Diameter, 

graduatlons graduation . in. 

Comments 
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Test # 5 S f l -  Id 
Sample # 046 19 - 66 
Filar Eye Piece . 

CCT # 0224 

Magnification 30x  
incheslgraduation ‘0 0 I 

Comments 

RPP-RPT-31680 Rev 0 

Test Sheet Addendum 

Readings 

gf 
2 0  
6 d  c 

Avg. 
Reading, inched = Final Diameter, 

graduations graduation in. 

dE/ .oc) I ,e34 v 
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RPP-RPT-31680 Rev 0 ' 
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RPP-RPT-31680 Rev 0 

Sbw Sfrain Rate 
Work RequesvreSt Information Form 

PerwnPertOrmirtgTest Ti,= Gej >Ct- H o m e m e :  7'10 S\IS 77V) 
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RPP-RPf-31680 Rev 0 

Slow Strain Rate 
Work ReguestlTest information Form z-e GesZT Homephone: 7% S"VY 77'17 
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RPP-RPT-31680 Rev 0 
Stow Strain Rate 

Work Request!Test Information Form 
.-3- 

PersonPerfOrmingTest: ~ ' o e  GersY HomePhone: 74 ~ O S V S l ? ? V ?  

CRACKING 
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RPP-RPT-32680 Rev 0 

Filar Eye PiW8 

CCT # 0224 

Magnification 30 x 
incheslgraduatfon too ( 

Corn men ts 

Test Sheet Addendum 

Readings 

9s 
3a 
G 3  c 

Avg. 
Reading, inches1 = Final Diameter, 

graduations graduation in. 

. .  
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RPP-RPT-31680 Rev 0 

Test # w b k 3  
Sample # 0 s37c4a.- I 
Filar Eye Piece 
CCT # 0224 

Magnification 3c3x 
inc heslgraduation too / 

Comments 

Test Sheet Addendum 

Readings 

41 

Avg. 
Reading, inched = Final Diameter, 

graduations graduation in. 
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b 
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RPP-RPT-31680 Rev 0 

- Test # 

Sample t 
FilarEyePiece . 
CCT # 0224 

fl-3- ? 7CLd -a 

Magnification 30 j (  
inchestgraduation .OB i 

Comments 

Test Sheet Addendum 

Readings 
97 
1s 

' 77 c 

Avg. 
Reading, inches/ = Final Diameter, 

graduations graduatlon in. 

79 e 079 

. .  
. .  
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RPP-RPT-31680 Rev 0 

S b  Strain Rate 
Work RequestKest Information Form 

4 

PenonPeIbmKl . Test e-1 ae c k d -  Homephone: 7@SSyb'77Y? 
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RPP-RPT-31680 Rev 0 

Test # ss R-2s- 
Sample # ASX7CLd-S 

CCT # 0224 

Magnlfkatfon T*Y 
inc heslgraduation to* I 

Filar Eye Piece 

Test Sheet Addendum 

Readings 

q %  
357 
6 3  c 

Avg. 
Reading, inched = RnaI Diameter, 

graduations graduation in. 

Comments 



Page 237 of 412 of DA03817132 

RPP-RPT-31680 Rev 0 
Slow Strain Rate 

Work RequesWest tnformation Form 

PerSanPerformingTest &'Z G e t s t  Homephone: 71/0 s-w 7 t y 7  
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RPP-RPT-31680 Rev 0 

Test # SSfl-2-G 
Sample # R S f 7  eL% 5- 
Filar Eye Piece 

CCT # 0224 

Magnification 3s x 
incheslgraduation 600  I 

Comments 

Test Sheet Addendum 

Readings 

a'l 
22 
bJ a- 

Avg. 
Reading, inched = Final Diameter, 

graduations graduation in. 

! 

c' -43 
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lest # S S R -  27 .. 

Sample # AS37 CL%- y 
Filar €ye Piece 

CCT # 0224 

Mag nificdo n 3M 
incheslgraduati on ‘00 I 

RPP-RPT-31680 Rev 0 

Test Sheet Addendum 

Readings 

glcf 

Avg. 
Reading, inched = Final Diameter, 

graduations graduation in. 

-7 c/ I t b73’ 

Comments 
j 

! 

c.45 
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Test # 

Filar Eye PkCe I- 

Sample # t 
1 LLAJJ, 

Y 

CCT # 0224 

Magnification .L I31 

inchedgraduation r l  d B  

RPP-RPT-31680 Rev 0 

Test Sheet Addendum 

Readings 
a 
20 
6 %  .- 

Avg. 
Reading, inches/ = FinaI Diameter, 

graduations graduation In. 

6% .a0 r l G ?  

Comments 
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RPP-RPT-31680 Rev 0 
Slow Strain Rate 

Work RequestlTest Information Form 

Person Performing Test: Home Phone: 7 q a 5 w  77 y7 
Special Hazards: C A o S  TrC Ptoject Name: 4 R Es 7 
Stalt (Datemime):&-s% 9 :do .9-M Finish @ateAme)l b "'get 3 Yo e& F;lfe$ ce ir 7.4 e x 3  

Material: 4ss?cca Test#: S s R x i 2 7  SSR System #: G 
MaPed&IWt: ExtensionRate: / E - k  l n k c  RPM: l-77 

project Number: 5 
L- A f - 0 6  

TEST PARAMETERS 

sample#: A n  7Cc2-- 7 Strain Rate: 1 E- b sec-' 

DATA ACQUISKION 

Data Acquisiiian Computer #: / 1 2.__ Data File Name: 5 K-A? Strip Chart Sale: 

Data Channels: 9r t - 6  Strip Chart Sped: - LVDT cf Dial Gauge IDR so 

Gas: AJ& 1 J . e  Reference Electrode: s CF 
Initial pH: (1.00 Temperature: \so Free Corrosion Po ntial -339 mV 

SAMPLE ENVIRONMENT 

t' : 
FinalpH: 10 tg' Pressure: flee4 Applied Potential: b fl0.0 mV 

- IrtWal - Final SPECIMEN DIMENSIONS 

Overall Length: Y. R in. Overall Length: 

Gauge Mark Length: ! . '%dl s- in. Device ID #: 2 Gauge Mark Distance: 2 - 0 & ' l  in. 

Gauge Diameter: 0 L ( t v  in. GaugeDiameter: 407 in. 

6 / .  0 in. Measurement Device: c 9 I;pe,J 

RESULTS 8 CALCULATIONS 

CRACKING 

Vaual: 5 Crack Mode: 

Low Power @OX): y ,e 5 Max. Crack Depth: mm 
Metallographic. Crack Velocity: mmlsec 

comments: 1000 ,n/ k&5th- 
7-c aa\r  T&+TtQlle.f IA7C) 
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RPP-RPT-31680 Rev 0 

Test # 55K-2? 
Sample # hb;37CC2 

Magnification 30 x 
incheslgraduation ,Do / 

Filar Eye Piece 

CCT # 0224 

Test Sheet Addendum 

Comments 

Readings 
7 5  

dc 
71 c 

Avg. 
Reading, inched = Final Diameter, 

graduations graduation in. 

7( I O Q l  c 0 7 j  

... I 

. .  
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DATA ACQUISITION 

Data File Name: 5s e ' 3d  0 7 Strip Chart Scale: r- Data Acquisition Computer #: 3 

Test Sdutian: fld/o 7 0, $ Gas: do+- Reference Electrode: 5CE 

LVDT or Dial Gauge JWC: /&/ - 
Data Channels: / 2- StrlpChartSpeed: 

cfit& fo-n'l-66 SAMPLE ENVIRONMENT 

Initial pH: //* d Temperature: KO*L FW Corrosion Potential: L 3Ŝ ;l rnv 

Final pH: ! I  c ra pressure: KO0 .-L Applied Potential: O- 10 CJ mV 

Final - -1 SPECIMEN DIMENSIONS 

ovelallL43l?gth: 3.0 in. Measurement Device: c 4 ~ J J  Overall Length: s, 2 in. 
Gauge Mark Length: / I  dd  6 in. Oevioe ID * am 5- Gauge Mark Distance: 2.03 3 in. 

h u g e  Diameter: 0 * in. Gauge Diameter: I 3 
Machined Gauge Length: /? do cross secti~nal  rea: 0 r 0 I I M I in? in. cross sectional hw T i ; ;  

7. - ." 
RESULTS & CALCULATIONS 6" 
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RPP-RPf-31680 Rev 0 

Test # f5S-3s 
Sarnpte I rqs37cLa . g 

Magnification 20% 

Filar Eye Piece 

CCT # 0224 

inchedgraduation I 06 

Comments 

Test Sheet Addendum 

Readings 

7 3  
1 2 - -  

GI c 

Avg. 
Reading, * inched = FinaIDiarneter, 

graduations graduation in. 
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~ ~ ~ 5 ~ ~ ~ : ~ %  Rev O 
Work RequestlTest Information Form 

Person Performing Test: ? G ' ' Homephone: 7V'O SYg 77y2 
Spedall&y$ . c 4 J 3 Tc* 
Stalt (osterrirne)?"~-i bob /b!qs 

Project Name: AKts  f l d ( 0 7  
$$g-CC, 7:30 Project Number: XdLd 6 2 IC? l e  I E* 

Finish (Oaterze)! 

TEST PARAMETERS 

Material: Rs3 7 c a Test #: 5 s  62-3 i SSR System #: / 
Material ID#: 10 d l  Extension Rate: /E- idsec RPM: L?Y 
Sample#: Rs37Ct2-  / I  Strain Rate: / E - &  set" 

3 
Data Channels: f +  z Strip Chart Speed: _c LVDT or Dial Gauge ID#: / g  1 

TestSolutlon: fld I07 *aM & b ~ ; t f C  Gas: N0d.e 
Initial pH: Temperature: S O b C  FW corrosion Potential: -2 Y S  mv 

Pressure: ( z m  6% Applied Potential: 0 mV 

DATA ACQUISITION 

Data File Name: s.5 R-3 / 1 Dk#- Strip Chart Scale: - Data Acquisition Computer #: 

&&h g - j ~ d b  Ed4 P0fb-I- SAMPLE ENVIRONMENT 

Reference Electrode: s c  E. 

- Final , SPECIMEN DIMENSIONS 

Overell Length: 1 0 in. Overall Length: cr# a. in. 

Gauge Mark Distance: 2, / 72 in. 

Gauge Diameter: t i  in. Gauge Diameter: 0 I & in. 

CrossSectlonal Area: 09 d {z:! in? in. CrossSectional Area: d~oo3,& in? 

Final pH: --?%I- 
- Initial 

Measurement Device: A 11.p 4 r s  
GaugeMarkLength: !,q in. a ao 0 

Gauge Length '* 
RESULTS (L CALCULATIONS 

Ibs. TimetoFailure: 7ff ' ' hn.  

abfA-L$f 5ec. 

pre-Load: 75- Ibs. Man LOXI 9 q7 
Elongatlon =A ,172- 11 f /  6' io. Redudion in A r e a r m 7 7  in. Time to Failure: 

Crack Mode: 

Max. Crack Depth: mm 

Project Leader's Signature: - Date: dlb fob 

Date Approved: April 2006 QA 009 SSR Specimens, Tests. 8 Evaluation 
Rwision #3 PaQe 11 Prepared By: C. Scott 

-52 
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RPP-RPT-31680 Rev 0 

Test # /5s R -3 t 
Sample # A52 7Ck' I I  
Filar Eye Piece 
CCT # 0224 

Magnification 30 x 
incheslgraduatian -06 ( 

Comments 

Test Sheet Addendum 

Readings 
6 0  
1G 
k Y  e 

Avg. 
Reading, inches! = Finat Diameter, 

graduations graduation in. 

. .  

. .  . 
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RPP-RPT-31680 Rev 0 
Slow Strain Rate 

Work RequesWTest Information Form 

Person Petforming Test: 10 e G C? r s t  Homephone: 7yo 6qg 7747 
C 4 d 7 t l .  I - ProjectNarne: A&CS 4 ~ 1 0 7  

Sd 
0 6 10 y l L  Finish (DateflimJ4 ke&S-O 7.30 Project Number 80 50& 2 /o 

TEST PARAMETERS 
Material: 453 7c-L a Test #: ssR-3A SSR System #: Q ' '  

Material ID#: l0'ipi Extension Rate: ) E - in/sec RPM: 17'3 
Sample#: 4937cC gb 3 Strain Rate: F, -G sed' 

DATA ACQUlSlTlON 

Data Acquisition Computer #: // - Strip Chart Scale: 

Strip Chart Speed: - LVDT or Dial Gauge ID#: 53 0 

SAMPLE ENVIRONMENT 

Data Channels: 

" .. 
Test Solution: 0 103 :a f% a\ an& 5 Gas f l o w ?  Refenme Elektrode: sc E 
Initial pH: /o '0 Temperature: 50 C, Free Corrosion Potential. 

Final pH: 4 -4s- Pressure: f7*= 4 ~ p p ~ ~ e c i  Potential: . 0 mV 

.--A2 y mV 0 

lnltial - Final SPECIMEN DIMENSIONS 

Overall Length: $' 0 in. Measurement Device: PI, I f' Overall Length: p- L in. 

Gauge Mark Length: / * Ls 7 in. DevicelD# 3Aos Gauge Mark Distance: /. 7.2 9 in. 

Gauge Diameter: -in. Gauge Diameter: 0 v 0 L.5- in, 

CrossSedionalArea:Or ot1H3 in? Machined Gauge Len@h:/rOOOn. CrossSectional Area: 0 , 0 0 3 3 1 4 i n . 2  

- 

CRACKING 

LowPowerI30X): UPS dwy smIhr$7 h t  F i i t v r q  Max CrackDepth. mm 

Metallographic' Crack Velocity: mmlsec 

Crack Mode: Visual: N D  CPA 

*u comments: jboo P d h ~  ri. i301 TmTw l e e  NA M E:& l a m  
DATE: 811 7/06 

Project Leader's Slgnature: Date: d/Clt% 
QA 009 SSR Speclmena. Tests. 8 Evaluetlon Date Approved. Apnl2OC6 
Revision #3 Page 11 Prepared By C Scott 

\ I  -54 
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Test # SSK-33 
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MagnHicatlon 70% 
inchedgraduation .Oh \ 

Test Sheet Addendum 

Readings 
10 

5 
dS *- 

Avg. 
Reading, inched = Final Diameter, 

graduatlons graduatlon in. 

65  .so I m95 

Comments 

. .  



Page 251 of 412 of DA03817132 

RPP-RPT-31680 Rev 0 

CRACKING 

Cradc Mode: 

Max. Crack Depth: mm 

. 1 - 
/ Project Leader's Signature: 4 

QA 009 ' DateApprDved:April2008 
Revision W Page 11 Prepared By: C. Scott 

-- 
SSR Specimens, Tests, 8 Eva1   ME: li 



Page 252 of 412 of DA03817132 

RPP-RPT-31680 Rev 0 

Test # _SSR-3\1 

Sample # A53-7CLh- I3 
Filar Eye Piece 

CCT # 0224 

Magnification 30 8 
incheslgaduation .30 ( 

Test Sheet Addendum 

Readings 
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Reading, inched = Final Diameter, 
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Apuendix E: CPP Testing E- 

Table E-I: CPP testing results 

E -1 
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Amendix E: CPP Testing E- 
a. Repassivation potential determined from the potentiostatic tests; 
b. Repassivation potential determined directly from CPP curves; 
c. Data from 2005 final interim report; 
d. Endpoint solution; 



Page 281 of 412 of DA03817132 

RPP-RPT-3 1680 RW 0 

ADDendix E: CPP Testine E- 

t 

. . . . . . .  . ........ ......... ................ . . . . . . . . .  . . . . . . .  . . . . . . . . .  . . . . . . . .  .... .... .... .,.. ...... ..,. .... 

i ......... ......... ......... ......... ......... ........... ...... ......... . .  , ..... 
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1010 101 io" 1 0 7  ~ o b  ~ o b  IW IW i t ~  

Current density (Ncm2) 
Figure E-I: The CPP curves in Tank 241-AN-I07 solution at pH 7 and 9.5. 
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E - 3  
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Current density (Alcm2) 
Figure E-2: The CPP curves in Tank 241-AN-I07 solution at pH 10 and pH 11. 
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ADtWlldl 'x E: CPP Testine E- 
lo00 

pWl2 (roooI!b21) 

G 
8400 

-600 

600  '...''.I * """* ' %-''.I ' """" ' "'.''d ' """" ' " ' Y Y  

l&" l & ' O  1od 1od ID' lod lod 10.' le iv 
Cumnt density (Nan2) 

Figure E-3 The CPP curves in Tank 241-AN-107 solution at pH 12,13 and 13.5. 

Table E-?: The specimen appearance after CPP tests In Tank 241-AN-I07 solutlon 
at different pH values. 

E -  4 
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A m d i x  E: CPP Testing E- 
lo00 

m111, [N0211.0375 Y (wDoo19-48) 800 - 
-- pHd1. [N%1=3.5 M (MNOl9-44) 
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Current density (Nan2) 
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Figure E 4  The CPP curves in Tank 241-AN-I07 solution at pH 11 with different 
nitrite concentrations. 
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Figure E-5: The CPP curve in lank 241-AN-I07 endpoint solution at pH I O .  
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A~uendix E: CPP Testing E- 
Table E-3 The specimen appearance after CPP tests in Tank 241-AN-107 solution with 
dlfferent nitrite concentrations. 

pH=l 1 
[NOzl=O M 

pH=I 1 
[N021=0.35 M 

pH111 
[N021=0.875 

M 

pH=I I 
[NC&l=I .0375 

M 
?..', . 
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Figure E-& Tho CPP curves in Tank 241-AN407 with dlthnnt nitrltslnitnk ratios 
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Atyendix E: CPP TeStine E- 
Table E 4  The specimen appearance after CPP tests in Tank 241-AN-107 solution8 
with different nitritelnitrate concentration ratios. 

pH=l 1 
[N021=0.75 M 
[N031=1.5M 

pH=l I 
[N021=1.5 M 
[N031=1.5M I 

L -  10 
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Table E-5 The specimen appearance after CPP tests in Tank 241-AN-I07 solutions 
with different TOC ratios in the absence of nitrite. 

pH=l 1 
TOC=20 g/L 
[NOzl=O M 

t-- 
pH=l 1 

TOC=40 g/L 
[N021=0 M 
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A D ~ X ~ X  E: CPP Testitlp E- 
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Figure E-8: the CPP curves in Tank 241-AN-I07 solution with 1.2M nitrite at pH 11 
with different TOC concentrations. 



Page 292 of 412 of DA03817132 

. r - . .  . .  c _.. , I .  

RPP-RPT-3 1680 Rev 0 

Au~endix E: CPP Testing E- 
Table E- 6: The specimen appearance after CPP tests in Tank 241-AN-I07 solution 
with 1.2M nitrite and different TOC concentrations. 

pH=l I 
TOC=IO gIL 
[N021=1.2M 

pH=l 1 
TOC=20 g/L 
[N021=1.2M 

pH=l 1 
TOC=40 g/L 
[NO21=1.2M 

pH=l 1 
TOC=80 g/L 
[NO21=1.2M 

* . .  . .  

A m  -*- 

UIIICT' 
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Amendix E CPP Testing E- 

1000 I 
pH=11 [CT]=O.I M (noQ019-37) 
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Cumnt density (Alcm') 
Figure E-9: The CPP curves in Tank 241-AN-I07 at pH 11 with different chloride 
concentratlons. 

Table E-7: The specimen appearance after CPP tests in Tank 241-AN-I07 solution 
ride concentrations. 

E-  15 
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ADDendix F: Potentiostatic Test F- 1 

Appendix F: Potentiostatic Test Results 
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A~n~endix F: Potentiostatic Test F-2 

Table F-I: Potentlostatic tests results summary 

1 F  

Current denslry (Alcm*) 

Figure F-I: CPP curves showing the potentials for the potentiostatic tests in Tank 
241-AN-I07 endpoint solution at pH 9.5 (#D9019-71-Potentlal held at -100 mV; 
#D9019-76-Potential held at 100 mV). 
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It F-3 

0 10 20 30 40 50 80 

Time (hrs) 
Figure F-2: The current change as a function of time from the potentiostatic tests 
in Tank 241-AN-I07 solution at pH 9.5 (#D9019-71-PotentiaI held at 
#D9019-76-Potential held at 100 mV). 

-100 mV; 
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Figure F-3: The CPP curves showing the potentials for the potentiostatic tests in 
Tank 241-AN-I07 endpoint solution at pH 10 (#D9019-39--Potentlal held at 300 
mV; #D901M&Potential held at 100 mv). 
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Amendix F: Potentiostatic Test F-4 

P \ 
potential held at +300 mV vs. SCE 

Potenti I held at +I 00 mV M. SCE 7 
I 

0 5 I O  15 20 25 

Time (hrs) 
Flgure F-4: The current change as a function of time from the potentiostatic tests 
in l ank  241-AN-I07 endpoint solution at pH 10 (#D9019-39-Potentiai held at 300 
mV; #D9019-40-Potential held at 100 mV). 

pH=l 1 , [N02]=7 M --- [ - 
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Current denslty (Ncrn') 
Figure F-5: The CPP curve showing the potential for the potentiostatic test in Tank 
241-AN-I07 solution at pH 11 with 7 M nitrite (#D9019-52). 
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Amendix F: Potentiostatic Test F-5 

N- 

5 
7x104 - 

a - 6x104- 

S a 
U 

E a 
5x104 - 

.- 
0 5 10 15 20 25 

Time (hrs) 
Figure Fa: The current change as a function of time from the potentiostatic tests 
in Tank 241-AN-I07 solution at pH 11 with 7 1111 niMte (#D9019-52). 

600 

~ W l l  standarrl solution 

1011 i o " 0  io0 io1 107 iv iv ir 10s 

Current density (Alan2) 
Flgure F-7: The CPP curves showing the potentials for the potentiostatic tests in 
Tank 241-AN-I07 solution at pH Il(#D9019-53-Potential held at I00 mV; #D9019- 
55-Potential held at 300 mV; #D9019-6SPotential held at 0 mV; #D9019-70- 
Potential held at -50 mV). 
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ADDendix F: Potentiostatic Test F-6 

c 

% 
Q 101: 

.a a 
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i, 
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.rl 

ImldatOmV 

101 . . ' _ ' . ' . " . ' _ . ' . ' . ' ' . L  

0 20 40 60 80 

Figure F-8: The current change as a function of time from the potentiostatic tests 
in Tank 241-AN-I07 solution at pH 11 (#D9019-53-Potentlal held at 100 mV; 
#D9019-5+Potential held at 300 mV; #D901969-Potentlal held at 0 mV; #D9019- 
70-Potential held at -50 mv). 

(W 

1043 1042 iw i w o  io4 io1 10-7 iv iod io4 IDS 

Current density (Ncm*) 
Flgure F-9: The CPP curves showing the potentials for the potentlostatic tests In 
Tank 241-AN-I07 solution at pH 11 with 0.2M chloride (#D90l9-61-Potentlal held 
at -200 mV; #D9019-63-Potentlal held at -100 mV; #D9019-&kPotential held at 
100 mV; #D9019-73-Potential held at -50 mv). 
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Amen& F: Potentiostatic Test F-7 

. IF 

held at 100 mV 

Time (hrs) 
Figure F-IO: The current change as a function of time for the potentlostatic tests 
In Tank 241-AN-I07 solution at pH 11 with 0.2M chloride (#D9019-61-Potentlal 
held at -200 mV; #D9019-63-Potentlai heid at -100 mV; #D9019-84-Potential held 
at 100 mV; #D9019-73-Potentlal held at -50 mv). 

1044 IW 10-12 10-11 1010 io1 io1 10-7 io1 iod i w  io3 105 IW 

Current density (Alan') 
Figure F-11: The CPP curve showing the potential for the potentiostatic test in 
Tank 241-AN-I07 solution at pH I O  (#CCT1081-l-PotentiaI held at -100 mv). 
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ADDendix F: Potentiostatic Test F-8 

1 I I 

0 5 10 15 20 25 30 35 

Time (hrs) 
Figure F-12: The current change as a functlon of time from the potentlostatic test 
in Tank 241-AN-107 solution at pH 10 (#CCT1081-l-PotentiaI held at -100 mV). 

pH=M - 
400 

t 

.. 
 io-'^ i t a  IW 1 0 7  io4 101 104 i w  101 10-1 

Current density (Alcm') 
Figure F-13: The CPP curve showing the potential for the potentiostatic test in 
Tank 241-AN407 solution at pH 9.5 (#CCTlO81-9-Poteniaal held at -70 mV). 
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Amendix F: Potentiostatic Test F-9 

pH4.5 - 

t o 5  ' I 
I 

0 I O  20 30 40 50 60 

Time (hrs) 
Figure F-14 The current change as a function of tlme from the potentiostatic test 
in Tank 241-AN-I07 solution at pH 9.5 (#CCT1081-9-Potential held at -70 mV). 

8 
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ADDendix G: Slow Strain Rate Tests G- 

Table G 1 Summary of SSRT results. Note that the Test ID format indicates the project 
year the test was performed (Le., Y1-3 is the 3rd test conducted in Year 1 and Y2-1 is 
the I" test conducted in Year 2). 

Standard 
Standard ,.. . . 

26.6 
26.7 
24.4 

G -1  
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ADDendix G: Slow Strain Rate Tests G- 

60000 

60000 

f"" 

loo00 

SSRT I AN 107 No Nibit. Solution 

r? 
0 

0 0.05 0.1 0.11 0.2 0.25 0.3 
-(*) 

Figure G 1 The stress-strain curve from SSRT 1 performed in Tank 241-AN-107 no 
nitrite solution, pH 11, with applied potential of OmV vs SCE. 
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ADDendiX G: Slow Strain Rate Tests , ~ G- 

~ 

2.00 mm 

A 
.A 

i 
/ L: , i 

Figure G 3 A post-test micrograph of the cross-section of the specimen from SSRT 11 
performed in Tank 241-AN-107 no nitrite solution, pH 11, with applied potential of OmV 
vs SCE. 
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ADDendiX G: Slow Strain Rate Tests G- 

SSRT 2 AN 107 Stondad Solution 

80000 

OAN.107 st.ndrd pH12 OmV I 
0 0.05 0.1 0.15 0.2 025 

a w n  (Idin) 

Figure G 4 The stress-strain curve from SSRT 2 performed in Tank 241 -AN-I 07 
standard solution, pH 11, with applied potential of OmV vs SCE. 
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b h  

Figure G 5 A post-test photograph of the specimen from SSRT 2 performed in Tank . . - - ._. .. . I .. . - -  .. -a- 

I 

Figure G 6 A post-test micrograph of the cross-section of the specimen from SSRT 2 
performed in Tank 241-AN-I07 standard solution, pH 12, with applied potential of OmV 
vs SCE. 
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ADDendiX G: Slow Strain Rate Tests G- 

SSRT 3 AN 107 Standard Solutlon 

fz 
2om 

1om 

0 
0 0.05 0.1 0.15 0.2 0.25 0.3 

8w11 (mn) 

Figure G 7 The stress-strain curve from SSRT 3 performed in Tank 241 -AN-1 07 
standard solution, pH 12, with applied potential of +100mV vs SCE. 

G 7  
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241 -AN-1 
Figure G 8 A post-test photograph of the specimen from SSRT 3 performed in Tank 

, . . I . a .  -. 

Figure G 9 A post-test micrograph of the cross-section of the specimen from SSRT 3 
performed in Tank 241-AN-IO7 standard solution, pH 12, with applied potential of 
+ I  OOmV vs SCE. 
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Atmendix G: Slow Strain Rate Tests G- 

SSRT 4 AN 107 End Point Solution 

80000, 

AAN 107EndPohtpH=lOOmV 

0 0.06 0.1 0.15 0.2 0.25 0.3 - ww 

Figure G 10 The stress-strain curve from SSRT 4 performed in Tank 241 -AN-1 07 end 
point solution, pH 10, with applied potential of OmV vs SCE. 

G 9  
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ADDendix G: Slow Strain Rate Tests G- 

1 
.:u. 

Figure G 11 A post-test photograph of the specimen from SSRT 4 performed in Tank 
. . A _  ... .. . . .. . c 1  .. m-7 241-AN-I07 ' ' 

' 

Figure G 12 A post-test micrograph of the cross-section of the specimen from SSRT 4 
performed in Tank 241-AN-I 07 end point solution, pH I O ,  with applied potential of OmV 
vs SCE. 

G 10 
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ADDendix G: Slow Strain Rate Tests G- 

SSRT 5 AN 107 TOC 40 @L SduUon 

X A N  107 TOC 40 pH111 OmV 

0 0.05 0.1 0.15 0.2 0.23 0.3 
abrln (Mn) 

Figure G 13 The stress-strain curve from SSRT 5 performed in Tank 241-AN-I07 40 g/L 
TOC solution, pH 11, with applied potential of OmV vs SCE. 

G: 11 
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A P D d  ix G: Slow Strain Rate Tests G- 

Figure G 14 A post-test photograph of the apdmen from SSRT 5 performed in Tank . . 1 * ... ” . . .... ..?A .I, -A- 

Figure G 15 A post-test micrograph of the cross-section of the specimen from SSRT 5 
performed in Tank 241-AN-I 07 40 g/L TOC solution, pH 11, with applied potential of 
OmV vs SCE. 

G 12 
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ADDendix G: Slow Strain Rate Tests G- 

SSRT 6 AN 107 TOC 10 @L Solution 

0 
0 0.05 0.1 0.15 0.2 0.25 0.3 

SWn (IMn) 

I Figure G 16 The stress-strain curve from SSRT 6 performed in Tank 241-AN-107 10 gR 
TOC solution, pH 11, with applied potential of OmV vs SCE. 

e 13 
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Appendix G: Slow Strain Rate Tests G- 

' 4  h 

Figure G 17 A post-test photograph of the specimen from SSRT 6 performed in Tank . . a 1 ... .. . . .. . * -  .. 

Figure G 18 A post-test micrograph of the cross-section of the specimen from SSRT 6 
performed in Tank 241 -AN-I 07 10 g/L solution, pH 1 1, with applied potential of OmV vs 
SCE. 
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ADDendiX G: Slow Strain Rate Tests G- 

2 m  

0 

SSRT 7 AN 107 No Ni(rlt. TOC 40 @L Solution 

-AN 107 No Nibit. TQC 40 fi pn=11 OmV r 
0 0.05 0.1 0.15 0.2 025 0.3 

8Wn Onlin) 

Figure G 19 The stress-strain curve from SSRT 7 performed in Tank 241 -AN-I 07 no 
nitrite 40 g/L TOC solution, pH 11, with applied potential of OmV vs SCE. 
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ADDendix G : Slow Strain Rata Tests G- 

U 

Figure G 20 A post-test photograph of the specimen from SSRT 7 performed in Tank 
241AN-107 no nitrite 40 g/L TOC solution, pH 11, with applied potential of OmV vs 
SCE. 

Figure G 21 A post-test micrograph of the cross-section of the specimen from SSRT 7 
performed in Tank 241-AN-107 no nitrite 40 g/L TOC solution, pH 11, with applied 
potential of OmV vs SCE. 
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Figure G 22 The stress-strain curve from SSRT 8 performed in Tank 241-AN-107 no 
nitrite solution, pH 11, with applied potential of OrnV vs SCE. 
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Figure G 23 A post-test photograph of the specimen from SSRT 8 performed in Tank . .. . . 1 1  ... I. . I ..-a _ L *  -.,, - A A C  
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Figure G 24 A post-test micrograph of the cross-section of the specimen from SSRT 8 
performed in Tank 241-AN-107 no nitrite solution, pH 11, with applied potential of OmV 
vs SCE. 
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Figure G 25 The stress-strain curve from SSRT 9 performed in Tank 241 -AN-I 07 no 
nitrite 80 g/L TOC solution, pH 11, with applied potential of OmV vs SCE. 
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1 
)f the sDecimen from SSRT 9 Derformed in Tank 

241-AN-I 07 no nitrite 80 glL TOC solution, pH 11, with applied potential of OmV vs 
SCE. 

Figure G 27 A post-test micrograph of the cross-section of the specimen from SSRT 9 
performed in Tank 241-AN-I07 no nitrite 80 g/L TOC solution, pH 11, with applied 
potential of OmV vs SCE. 
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Figure G 28 The stress-strain curve from SSRT 10 performed in Tank 241-AN-107 
standard solution, pH 13.5, with applied potential of OmV vs SCE. 
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Figure G 30 A post-test micrograpn 01 the cross-seaion of the specimen from SSRT 10 
performed in Tank 241 -AN-1 07 standard solution, pH 13.5, with applied potential of 
OmV vs SCE. 
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Figure G 31 The stress-strain curve from SSRT 11 performed in Tank 241-AN-107 80 
g/L TOC solution, pH 11, with applied potential of OmV vs SCE. 
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Figure G 32 A post-test photograph of the specimen from SSRT 11 performed in Tank 
2414~-107 OA -11 Tnfi ..-I. 6-n nu 4 4 ..ah - - d - r l  I.m+am+inI ai nm\i \IC C r . E ,  

Figure G 33 A pos-rest micrograph or the cross-seaion of the specimen from SSRT 11 
performed in Tank 241 -AN-1 07 80 g/L TOC solution, pH 1 1, with applied potential of 
OmV vs SCE. 
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Figure G 34 The stress-strain cuwe from SSRT 12 performed in Tank 241-AN-107 no 
nitrite solution, pH 11, with applied potential of OmV vs SCE. 
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Figure G 36 A post-test micrograph of the cross-section of the specimen from SSRT 12 
performed in Tank 241 -AN-I 07 no nitrite solution, pH 1 1, with applied potential of OmV 
vs SCE. 
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Figure G 37 The stress-strain curve from SSRT 13 performed in Tank 241-AN-107 
standard solution, pH 11, with applied potential of OmV vs SCE. 
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Figure G 39 A post-test micrograpn 01 me cross-section of the specimen from SSRT 13 
performed in Tank 241-AN-I 07 standard solution, pH 1 1, with applied potential of OmV 
vs SCE. 
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Figure G 40 The stress-strain curve from SSRT 14 performed in Tank 241-AN-107 no 
nitrite solution, pH 11, at OCP. 
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Figure G 41 A poat-test photagraph of the specimen from SSRT 14 performed in Tank 
241-AN-107 no nikite solution, pH 11, at OCP. 

~~ 

I 
Figure G 42 A post-test micrograph of the cross-section of the specimen from SSRT 14 
performed in Tank 241-AN-IO7 no nitrite solution, pH 11, at OCP. 
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Figure G 43 The stress-strain curve from SSRT 15 performed in Tank 241 -AN-I 07 no 
nitrite solution, pH 13.5, with applied potential of OmV vs SCE. 
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Figure G 44 A post-test photograph of the specimen from SSRT 15 performed in Tank 
241-AN-I07 no 

. .  
te solution, .. 13.5, with applied potential of OmV vs SCE. 

m 

Figure G 45 A post-test micrograph of the cross-section of the specimen from SSRT 15 
performed in Tank 241-AN-I07 no nitrite solution, pH 13.5, with applied potential of 
OmV vs SCE. 
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Figure G 46 The stress-strain curve from SSRT 16 performed in Tank 24 
nitrite solution, pH 11, with applied potential of OmV vs SCE. 
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Figure G 47 A post-test photograph of the spedmen from SSRT 16 performed in Tank 
- "CE. . .. . . i ... .. rn I I.. * I . . .  

Figure G 48 A post-test micrograph of the cross-section of the specimen from SSRT 16 
performed in Tank 241-AN-I07 3.5M nitrite solution, pH 11, with applied potential of 
OmV vs SCE. 
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Figure G 49 The stressstrain curve from SSRT 17 performed in Tank 241-AN-107 7M 
nitrite solution, pH 11, with applied potential of OmV vs SCE. 
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Figure G 50 A post-test photograph of the specimen from SSRT 17 performed in Tank 241-AN-107 -.. ..LA._ _ _ I  ..I_- - I  I 11 ..1IL ---,I-> --.--A!-, -ZA-, ,..- rr -7  

m 

Figure G 51 A post-test micrograph of the cross-section of the specimen from SSRT 17 
performed in Tank 241-AN-I07 7M nitrite solution, pH 11, with applied potential of OmV 
vs SCE. 
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Figure G 52 The stress-strain cuwe from SSRT 18 performed in Tank 241 -AN-107 
0.875M nitrite solution, pH 11, with applied potential of OmV vs SCE. 
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Flgure G 53 A post-test photograph of the specimen from SSRT 18 performed in Tank 
- nnE. . .. . . 1 a ... .. . L .._I - * A  -.,, 

Figure G 54 A post-test micrograph of the cross-section of the specimen from SSRT 18 
performed in Tank 241-AN-107 0.875M nitrite solution, pH 11, with applied potential of 
OmV vs SCE. 
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Figure G 55 The stress-strain curve from SSRT 19 performed in Tank 241-AN-107 
0.35M nitrite solution, pH 11, with applied potential of OmV vs SCE. 

c 39 



Page 344 of 412 of DA03817132 

RPP-RPT-31680 Rev 0 
A ~ ~ e n d  ix G: Slow Strain Rate Tests G- 

t= 

I 

Figure G 57 A post-test micrograph of the cross-section of the specimen from SSRT 19 
performed in Tank 241-AN-I07 0.35M nitrite solution, pH 11, with applied potential of 
OmV vs SCE. 
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SSRT 20 AN 107 No Nl(ritr Sdutlon 

Figure G 58 The stress-strain curve fmm SSRT 20 performed in Tank 241-AN-107 no 
nitrite solution, pH 11, with applied potential of -50mV vs SCE. 
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Figure G 60 A post-test micrograpn of the cross-section of the specimen from SSRT 20 
performed in Tank 241-AN-107 no nitrite solution, pH 11, with applied potential of - 
50mV vs SCE. 
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Figure G 61 The stress-strain curve from SSRT 21 performed in Tank 241 -AN-I 07 no 
nitrite solution, pH 11, with applied potential of -1OOrnV vs SCE. 
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Figure G 02 A post-test photograph of the specimen from SSRT 21 performed in Tank . .. .. 11 h _.-I 1 - 3  --L--.,-, -d a n n  -,I.- 0-F 241 -AN-I 07 *' 

Figure G 63 A post-test micrograph of the cross-section of the specimen from SSRT 21 
performed in Tank 241-AN-I07 no nitrite solution, pH 11, with applied potential of - 
1 OOmV vs SCE. 
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Figure G 64 The stress-strain cutve from SSRT 22 performed in Tank 241-AN-107 end 
point solution, pH 10, with applied potential of -50mV vs SCE. 
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Figure G 65 A post-test photograph of the specimen from SSRT 22 performed in Tank . . 1.. ." I._ 3 ._.__. ?-, -1 P A  --., A*P 241-AN-107 ' ' ' ' 

Figure G 66 A post-test micrograph of the cross-section of the specimen from SSRT 22 
performed in Tank 241 -AN-1 07 end point solution, pH 10, with applied potential of - 
50mV vs SCE. 
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Figure G 67 The stress-strain curve from SSRT 23 performed in Tank 241AN-107 
1.0375M nitrite solution, pH 11, with applied potential of OmV vs SCE. 
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Figure G 68 A post-test photograph of the specimen from SSRT 23 performed in Tank 
2 4 1 - ~ ~ - 1 0 7  ,I n - 7 ~ ~  ..:b&b.. ..-l.d:r- -U 11 ennl i sr l  nmtantinl nf nm\/ \IC GCE. 

Figure G 69 A post-test micrograph of me crosssenion of the specimen rrom SSRT 23 
performed in Tank 241AN-107 1.0375M nitrite solution, pH 12, with applied potential of 
OmV vs SCE. 
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Figure G 70 The stress-strain curve from SSRT 24 performed in Tank 241-AN-107 0.2M 
chloride solution, pH 11, with applied potential of OmV vs SCE. 
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Figure G 71 A post-test photograph of the specimen from SSRT 24 performed in Tank 
2414~-107 n 
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Figure G 72 A post-test micrograph of the cross-sectlon of the specimen from SSRT 24 
performed in Tank 241 -AN-I 07 0.2M chloride solution, pH I 1, with applied potential of 
OmV vs SCE. 
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Figure G 73. The stress-strain curve from SSRT 25 performed in Tank 241AN-107 
Standard solution, pH 11, with applied potential of -200mV vs SCE. 
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Figure G 75 A post-test micrograpn or tne cross-section or me specimen imm SSRT 25 
performed in Tank 241 -AN-I 07 Standard solution, pH 1 1, with applied potential of - 
200mV vs SCE. 
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Figure G 76. The stress-strain curve from SSRT 26 performed in Tank 241-AN-107 
0.75M nitrite, 1.5M nitrate solution, pH 11, with applied potential of OmV vs SCE. 
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Figure G 77 A post-test photograph of the specimen from SSRT 26 performed in Tank 
241-AN-107 0.75M nltrlte, 1.5M nitrate solution, pH 11 with applied potential of OmV v8 
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Figure G 78 A post-test micrograph of the cross-section of me specimen rrom SSRT 26 
performed in Tank 241-AN-107 0.75M nitrite, I S M  nitrate solution, pH 11, with applied 
potential of OmV vs SCE. 
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Figure G 79. The stress-strain curve from SSRT 27 performed in Tank 241 -AN-I 07 
1.5M nitrite, 1.5M nitrate solution, pH 11, with applied potential of OmV vs SCE. 
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Figure G 81 A post-test micrograph of the cross-section of the specimen from 
performed in Tank 241AN-107 1.5M nitrite, 1.5M nitrate solution, pH 11, with 
potential of OmV vs SCE. 
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Figure G 82. The stress-strain curve from SSRT 28 performed in Tank 241-AN-107 end 
point solution, pH 9.5, with applied potential of OmV vs SCE. 
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Figure G 83 A post-test photograph of the specimen from SSRT 28 performed in 
--E. ' ' . . - ... .. . , .. . I -  .. 241-AN-107 
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Figure G 84 A post-test micrograph of the cross-section of the specimen from SSRT 28 
performed in Tank 241-AN407 end point solution, pH 9.5, with applied potential of OmV 
vs SCE. 
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Figure G 85. The stress-strain curve from SSRT 29 performed in Tank 241 -AN-I 07 
0.05M chloride solution, pH 11, with applied potential of OmV vs SCE. 
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Figure G 87 A post-test micrograph of the cross-section of the specimen from SSRT 29 
performed in Tank 241-AN-107 0.05M chloride solution, pH 11, with applied potential of 
OmV vs SCE. 
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Figure G 88. The stress-strain curve from SSRT 30 performed in Tank 241-AN-107 
0.2M chloride solution, pH 11, with applied potential of -100mV vs SCE. 



Page 366 of 412 of DA03817132 

RPP-RPT-31680 Rev 0 
ADDendiX G: Slow Strain Rate Tests G- 

Figure G 89 A post-test photograph of the specimen from SSRT 30 petformed in Tank 
241 -AN-I 07 0.2M chloride solution, pH 1 1, with applied potential of -1 OOmV vs SCE. 

Figure G 90 A post-test micrograph of the cross-section of the specimen from SSRT 30 
performed in Tank 241 -AN-I 07 0.2M chloride solution, pH 1 1, with applied potential of - 
1OOmV vs SCE. 
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Figure G 91. The stress-strain curve from SSRT 31 performed in Tank 241 -AN-I 07 end 
point 0.2M chloride solution, pH 10, with applied potential of -lOOmV vs SCE. 
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Figure G 92 A post-test photograph of the specimen from SSRT 31 performed in Tank 
241 -AN-107 end point 0.2M chloride solution, pH 10, with applied potential of -100mV 
vs SCE. 
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Figure G 93 A post-test micrograph of the cross-section of the specimen from SSRT 31 
performed in Tank 241 -AN-I 07 end point 0.2M chloride solution, pH 10, with applied 
potential of -1 OOmV vs SCE. 
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Figure G 94. The stress-strain cutve from SSRT 32 performed in Tank 241-AN-107 end 
point 0.2M chloride solution, pH 10, with applied potential of -1 OOmV vs SCE. 
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Figure G 95 A post-test photograph of the specimen from SSRT 32 performed in Tank 
241 -AN-I 07 end point 0.2M chloride solution, pH 10, with applied potential of -1 OOmV 
vs SCE. 
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Figure G 96 A post-test micrograph of the cross-section of the specimen from SSRT 32 
performed in Tank 241-AN-107 end point 0.2M chloride solution, pH 10, with applied 
potential of -1 OOmV vs SCE. 
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Figure G 97. The stress-strain cuwe from SSRT 34 performed in Tank 241AN-107 
0.2M chloride solution, pH 11, with applied potential of OmV vs SCE. 
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Figure G 99 A post-test micrograph of the cross-section of tne specimen from SSRT 34 
performed in Tank 241-AN-107 0.2M chloride solution, pH 11, with applied potential of 
OmV vs SCE. 
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Appendix H: Constant Load Crack Growth Rate Testing 
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Table H 1 Summary of SCC CGR results using PD data beginning on Day 5 to discount 
initial crack mechanical creep effects. 

0.2M 10 40 0 - 0  0 0 0 Y2-CT-15 
chloride 

5M NaNOs 
5MNaN03 I - I 40 0 I 2 . 9 ~ 1 0 "  I 3.2 x 10- 1 3 .1~10"  I 3 . 3 ~ 1 0 "  I Y2-CT-8 
5MNaNO3 I - I 40 OCP 1 5.1 x lOd I 4.5 x IO"  I 4.1 x l O *  [ 4 . 2 ~ 1 0 ~  I Y2-CT-6 
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Figure H 1 The crack extension-time curve from CT 1 performed in Tank 241-AN-107 
standard solution, pH 10, applied stress intensity of Sksidn, with applied potential of 
OmV vs SCE. 
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2.00 mm d 

Figure H 2 A post-test photograph of the fracture surface from CT 1 performed in Tank 
241 -AN-I 07 standard solution, pH 10, applied stress intensity of 5ksi&, with applied 
potential of OmV vs SCE. 

Figure H 3 A post-test micrograph of the cross-section of the specimen from CT 1 
performed in Tank 241-AN-I07 standard solution, pH 10, applied stress intensity of 
5ksidn, with applied potential of OmV vs SCE. 
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Figure H 4 The crack extension-time curve from CT 2 performed in Tank 241-AN-107 
standard solution, pH 10, applied stress intensity of 1 Oksidn, with applied potential of 
OmV vs SCE. 
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Figure H 5 A post-test photograph of the fracture surface from CT 2 performed in Tank 
241-AN-I07 standard solution, pH 10, applied stress intensity of IOksiJn, with applied 
potentialof C .' -A- 

I m 

Figure H 6 A post-test micrograph of the cross-section of the specimen from CT 2 
performed in Tank 241 -AN-I 07 standard solution, pH 10, applied stress intensity of 
IOksidn, with applied potential of OmV vs SCE. 
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Figure H 7 The crack extension-time curve from CTs 3, 10 and 11 (replicates) 
performed in Tank 241-AN-107 standard solution, pH 10, applied stress intensity of 
2Oksi,,fn, with applied potential of OmV vs SCE. 
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ADDendix H: Constant Load Crack Growth Rate H-7 

2.00 mm 

Figure H 8 A post-test photograph of the fracture surface from CT 3 performed in Tank 
241-AN-107 standard solution, pH 10, applied stress intensity of 2OksiJn, with applied 
potential of C-" ..- 

b 

Figure H 9 A post-test micrograph of the cross-section of the specimen from CT 3 
performed in Tank 241 -AN-I 07 standard solution, pH I O ,  applied stress intensity of 
20ksidn, with applied potential of OmV vs SCE. 

H -  7 
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Figure H 10 The crack extension-time curves from CTs 4,12 and 13 (replicates) 
performed in Tank 241-AN-I07 standard solution, pH 10, applied stress intensity of 
30ksidn, with applied potential of OmV vs SCE. 
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Figure H 11 A post-test photograph of the fracture surface from CT 4 performed in Tank 
241 -AN-I 07 standard solution, pH 10, applied stress intensity of 30ksidn, with applied 
wtential of C-" .'- 

Figure H 12 A post-test micrograph of the cross-section of the spar;lrrleri from CT4 
performed in Tank 241 -AN-I 07 standard solution, pH 10, applied stress intensity of 
3OksiJn, with applied potential of OmV vs SCE. 



Page 383 of 412 of DA03817132 

RPP-RPT-31680 Rev 0 
~ H-1 0 

-~ - ADDendix H: Constant Load Crack Growth Rate __ 

Crack Growth Owr 50 Dap 

6 10 15 so 

I 

Figure H 13 The crack extension-time curve from CT 5 perfwmed in Tank 241 -AN1 07 
standard solution, pH 10, applied stress intensity of 4Oksi& with applied potential of 
OmV vs SCE. 
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Figure H 14 A post-test photograph of the fracture surface from CT 5 performed in Tank 
241 -AN-I 07 standard solution, pH 10, applied stress intensity of 4Oksi,jn, with applied 
Dotential of C .’ -A- 

I 

Figure H 15 A post-test micrograph of the cross-section of the specimen from CT 5 
performed in Tank 241-AN-107 standard solution, pH 10, applied stress intensity of 
4OksiJn, with applied potential of OmV vs SCE. 
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Figure H 16 The crack extension-time curve from CT 6 performed in 5M NaN03 
solution, applied stress intensity of 40ksid1-1, at OCP. 
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Figure H 17 A post-test photograph of the fracture sui,dce from CT 6 perdmed in 5M 
NaNO3 solution, applied stress intensity of 40ksi&, at OCP. 

Figure H 18 A post-test micrograph of the cross-section of the specimen from CT 6 
performed in 5M NaN03 solution, applied stress intensity of 4OksiJn, at OCP. 
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Figure H 19 The crack extension-time curve from CT 7 performed in Tank 241-AN-107 
end point solution, pH 10, applied stress intensity of 40ksi,Ln, at OCP. 
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Figure H 21 A post-test micrograph of the cross-section of the specimen from CT 7 
performed in Tank 241AN-107 end point solution, pH 10, applied stress intensity of 
4Oksidn, at OCP. 
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Figure H 22 The crack extension-time curve from CT 8 performed in 5M NaN& 
solution, applied stress intensity of 4Oksi,Jn, with applied potential of OmV vs SCE. 
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Figure H 23 A post-test photograph of the fracture surface from CT 8 performed in 5M 
NaN03 solution, applied stress intensity of 40ksi,Ln, with applied potential of OmV vs 
SCE. 

Figure H 23 A post-test photograph of the fracture surface from CT 8 performed in 5M 
NaN03 solution, applied stress intensity of 40ksi,Ln, with applied potential of OmV vs 
SCE. 

Figure H 24 A post-test micrograph of the cross-section of the specimen from CT 8 
Performed in 5M NaN03 solution, applied stress intensity of 40ksi,Ln, with applied 
potential of OmV vs SCE. 
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Figure H 25 The crack extension-time curve from CT 9 performed in Tank 241-AN-107 
end point solution, pH 10, applied stress intensity of 4OksiJcn, with applied potential of 
OmV vs SCE. 
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Figure H 26 A post-test photograph of the fracture surface from CT 9 performed in Tank 
241AN-107 end point solution, pH IO,  applied stress intensity of 40ksiJn, with applied 
potential of OmV vs SCE. 

Figure H 27 A post-test micrograph of the cross-section of the specimen from CT 9 
performed in Tank 241-AN-107 end point solution, pH 10, applied stress intensity of 
40ksidn, with applied potential of OmV vs SCE. 

19 f4- 
I 
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For a plot of 

2.00 mm 

Figure H 28 A post-test photograph of the fracture surface from CT 10 performed in 
Tank 241 -AN-I 07 standard solution, pH 10, applied stress intensity of 2OksiJTn, with 
applied potential of OmV vs SCE. 

performed in Tank 241-AN-107 standard solution, pH 10, applied stress intensity of 
2OksiJTn, with applied potential of OmV vs SCE. 

H - 20 
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For a plot of 

Figure H 30 A post-test photograph of the fracture surface from CT 11 performed in 
Tank 241-AN-I07 standard solution, pH 10, applied stress intensity of 20ksidn, with 
applied potential of OmV vs SCE. 
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f l -  21 
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Figure H 33 A post-test micrograph of the cross-section of the specimen from CT 12 
performed in Tank 241AN-107 standard solution, pH 10, applied stress intensity of 
30ksiJn, with applied potential of OmV vs SCE. 
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For a plot of 

Figure H 34 A post-test photograph of the fracture surface from CT 13 performed in 
Tank 241-AN-I07 standard solution, pH 10, applied stress intensity of Mksidn, with 
applied potential of OmV vs SCE. 

I 

Figure H 33 A posr-resr micrograpn OT me cross-seaion OT me specimen Trom CT 13 
performed in Tank 241 -AN407 standard solution, pH 10, applied stress intensity of 
30ksidn, with applied potential of OmV vs SCE. 
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Figure H 37 A post-test micrograph of the cross-section of the specimen from CT 14 
performed in Tank 241-AN-I07 end point solution, pH I O ,  applied stress intensity of 
40ksidn, with applied potential of OmV vs SCE. 
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Figure H 38 The crack extension-time curve from CT 15 performed in Tank 241 -AN-I 07 
end point 0.2M chloride solution, pH I O ,  applied stress intensity of rlOksiJn, with applied 
potential of OmV vs SCE. 

/f -25 
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Figure H 39 A post-test photograph of the fracture surface from CT 15 performed in 
Tank 241AN-107 end point O.2M chloride solution, pH 10, applied stress intensity of 

I 1 

Figure H 40 A post-test micrograph of the cross-se&ion of the specimen from CT 15 
petformed in Tank 241-AN-107 end point 0.2M chloride solution, pH 10, applied stress 
intensity of 4Oksh,h, with applied potential of OmV vs SCE. 
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Figure H 41 The crack extension-time curves from CTs 16 and 23 performed in Tank 
241-AN-I07 end point solution, pH I O ,  applied stress intensity of 2Oksi41, with applied 
potential of OmV vs SCE. 

,-/ -27 
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ADDendix H: Constant Load Crack Growth Rate H-28 

Figure H 42 A post-test photograph of the fracture surface from CT 16 performed in 
Tank 241-AN-107 end point solution, pH 10, applied stress intensity of POksi,ln, with 
applied 

Figure H 43 A post-test micrograph of the cross-section of the specimen from CT I 6  
performed in Tank 241AN-107 end point solution, pH 10, applied stress intensity of 
2Oksi&, with applied potential of OmV vs SCE. 
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Figure H 44 The crack extension-time curve from CT 17 performed in Tank 241-AN-107 
end point 0.2M chloride solution, pH 10, applied stress intensity of 20ksidn, with applied 
potential of OmV vs SCE. 
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Figure H 45 A post-test photograph of the fracture surface ftom CT 17 performed in 
Tank 241-AN-107 end Doint 0.2M chloride solution, DH 10, applied stress intensity of 
20ksi&, 

Figure t 46 A post-test micrograph of the cross-section of the specimen from CT 17 
performed in Tank 241AN-I07 end point 0.2M chloride solution, pH 10, applied stress 
intensity of 20ksi&, with applied potential of OmV vs SCE. 



Page 404 of 412 of DA03817132 

RPP-RPT-31680 Rev 0 
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Figure H 47 The crack extension-time curves from CTs 18 and 20 performed in Tank 
241 -AN-107 standard solution, pH 1 1, applied stress intensity of 20ksidn, with applied 
potential of -1OOmV vs SCE. 
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Figure H 48 A post-test photograph of the fracture surface from CT 18 performed in 
Tank 241-AN-I07 standard solution, pH 11, applied stress intensity of 20ksi&, with 

Figure H 49 A post-test micrograph of the cross-section of the specimen from CT 18 
performed in Tank 241 -AN-I 07 standard solution, pH 1 1, applied stress intensity of 
POksiJn, with applied potential of -lOOmV vs SCE. 
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Figure H 50 The crack extension-time curve from CT 19 performed in Tank 241 -AN-I 07 
0.2M chloride solution, pH 11, applied stress intensity of 2OksiJTn, with applied potential 
of OmV vs SCE. 
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Figure H 51 A post-test photograph of the fracture surface from CT 19 performed in 
Tank 241 -AN-I 07 0.2M chloride solution, pH 1 1, applied stress intensity of POksiJTn, 
with applied potential of OmV vs SCE. 

Figure H 52 A post-test micrograph of the cross-section of the specimen from CT 19 
performed in Tank 241-AN-107 0.2M chloride solution, pH 11, applied stress intensity of 
2Oksi,,h, with applied potential of OmV vs SCE. 
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For a plot of the crack 

Figure H 53 A post-test photograph of the fracture surface from CT 20 performed in 
Tank 241AN-107 standard solution, pH 11, applied stress intensity of 20ksi,Jn, with 

)lie( 

Figure H 54 H post-res1 rnicrograpn OT me cross-seaion OT me specimen Trom GT 20 
performed in Tank 241 -AN-I 07 standard solution, pH 1 1, applied stress intensity of 
2Oksi,,ln, with applied potential of -1 OOmV vs SCE. 



Page 409 of 412 of DA03817132 

RPP-RPT-31680 Rev 0 
ADDendix H: Constant Load Crack Growth Rate H-36 

0.01 

0.0075 

- 
i O'OW 

0 

4.0025 
f 

Figure H 55 The crack extension-time CUNBS from CT 21 and 22 performed in Tank 
241-AN-107 standard solution, pH'11, applied stress intensity of 20ksidn, with applied 
potential of OmV vs SCE. 

- 36 
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Figure H 56 A post-test photograph of the fracture surface from CT 21 performed in 
Tank 241-AN-I07 0.2M chloride solution, pH 11, applied stress intensity of 2OksiJTn, 
with applied potential of OmV vs SCE. 
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. 

500 pm 

Figure H 57 A post-test micrograph of the cross-section of the specimen from CT 21 
performed in Tank 241-AN-I07 0.2M chloride solution, pH 11, applied stress intensity of 
POksiJTn, with applied potential of OmV vs SCE. 
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Figure H 58 A post-test photograph of the fracture surface from CT 22 performed in 
Tank 241-AN-I07 0.2M chloride solution, pH 11, applied stress intensity of 2OksiJTn, 
with applied Dotential of OmV vs SCE. 



Page 412 of 412 of DA03817132 

RPP-RPT-31680 Rev 0 2 H-39 

For a plot of the 41. 

Figure H 60 A post-test photograph of the fracture surface from CT 23 performed in 
Tank 241-AN-107 0.2M chloride solution, pH 11, applied stress intensity of 20ksi4-1, 
with applied potential of OmV vs SCE. ~~ ~~ 
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