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ABSTRACT 

In fiscal year 2012, activities under the U.S. Nuclear Regulatory Commission’s Disposal-Related 
Integrated Spent Nuclear Fuel Regulatory Activities program have focused on further refining 
key regulatory and technical issues identified during the previous years, as well as on 
developing strategies and detailed plans for resolving them.  One strategy in this effort is to 
conduct specific and well-defined tests and experiments to further resolve technical issues.  
This report updates the status of laboratory experiments on corrosion of engineered barrier 
metallic materials initiated in fiscal year 2011 and conducted in fiscal year 2012.  The laboratory 
experiments conducted address technical issues related to engineered barriers.  

Laboratory experiments conducted in fiscal year 2012 included tests on borated stainless steel 
exposed to humid air for 6 to 9 months and titanium alloys exposed to dripping seepage water 
longer than 3 months.  304B4 borated stainless steel was exposed to both the liquid solution 
and the vapor phase of simulated J-13 water, neutral type groundwater, and water containing 
some boron (possibly remaining from the drying process or originating from repository 
groundwater).  Contrary to previous 3-month exposure tests in simulated J-13 water, pitting 
corrosion was not observed under the same temperatures, which could be a result of less 
contact with the polytetrafluoroethylene holder material and less condensation accumulation on 
the surface due to changes in the sample orientation.  The samples exposed to the J-13 water 
had corrosion rates that were less than 60 nm/yr.  Pitting corrosion also was not observed from 
the neutral type water experiments and specimens showed negligible general corrosion rates.  
Specimens exposed in the 2,600 ppm boron experiments showed the highest corrosion rates, 
and pitting corrosion was observed at 90 °C [194 °F] under exposure to liquid.   

Dripping tests at longer durations compared to those conducted in fiscal year 2011 indicated 
corrosion rates for Titanium Grades 7 and 29 were below 30 and 80 nm/yr, respectively, which 
decreased as dripping progressed.  Consistent with previous results, no pitting corrosion was 
observed on both materials.   



 

iii 

ACKNOWLEDGMENTS 

This report was prepared to document work performed by the Center for Nuclear Waste 
Regulatory Analyses (CNWRA®) for the U.S. Nuclear Regulatory Commission (NRC) under 
Contract No.  NRC–02–07–006.  The activities reported here were performed on behalf of the 
NRC Office of Nuclear Material Safety and Safeguards, Division of Spent Fuel Alternative 
Strategies.  This report is an independent product of CNWRA and does not necessarily reflect 
the views or regulatory position of NRC. 

The author thanks T. Mintz for technical review and G. Wittmeyer for programmatic review of 
this report.  The author also appreciates A. Ramos for providing word processing support and 
L. Neill for editorial support in preparation of this document. 

QUALITY OF DATA, ANALYSES, AND CODE DEVELOPMENT 

DATA:  All CNWRA-generated data contained in this report meet quality requirements 
described in the Geosciences and Engineering Division Quality Assurance Manual. 
Experimental data have been recorded in CNWRA Scientific Notebook 1088AE (He, 2012).  
Sources of other data should be consulted for determining the level of quality assurance. 

ANALYSES AND CODES:  None.  

REFERENCE: 

He, X.  “Corrosion Tests of Titanium Alloys and Borated Stainless Steel.”   
Scientific Notebook No. 1088AE.  San Antonio, Texas:  Center for Nuclear Waste Regulatory 
Analyses.  pp. 1–13.  2012. 

 



 

iv 

CONTENTS 

Section   Page 

ABSTRACT ................................................................................................................................... ii 
ACKNOWLEGMENTS .................................................................................................................. iii 
FIGURES ...................................................................................................................................... v 
TABLES ....................................................................................................................................... vi 

1 INTRODUCTION ............................................................................................................ 1-1 
1.1 Objective ............................................................................................................ 1-1 
1.2 Organization of the Report ................................................................................. 1-1 

2 BORATED STAINLESS STEEL CORROSION IN HUMID AIR ..................................... 2-1 
2.1 Test in Simulated J-13 Water for 200 Days ........................................................ 2-1 
2.2 Test in Neutral Type Water................................................................................. 2-3 
2.3 Tests in Boric Acid-Containing Solution ............................................................. 2-5 

3 TITANIUM ALLOY CORROSION UNDER DRIPPING SEEPAGE  
WATER CONDITIONS ................................................................................................... 3-1 

4 SUMMARY AND FUTURE WORK ................................................................................ 4-1 
4.1 Summary ............................................................................................................ 4-1 
4.2 Future Work ........................................................................................................ 4-1 

5 REFERENCES ............................................................................................................... 5-1 
 



 

v 

FIGURES 

Figure Page 

2-1 304B4 Borated Stainless Steel Specimens Setting Vertically in the Cell 
 Before Exposure to Simulated J-13 Water ..................................................................... 2-2 
2-2 Coupons Before and After Exposure in Simulated J-13 Water for 200 Days ................. 2-2 
2-3 Ternary (Ca-SO4

−HCO3) Phase Diagram Showing the Three Brine Types 
 and Test Solutions Used in the Current and Previous Work .......................................... 2-4 
2-4 304B4 Borated Stainless Steel Specimens Setting Vertically in the Cell Before 
 Exposure to Water Containing 2,600 ppm Boron ........................................................... 2-6 
2-5 Specimens Showed Pitting After Exposure to Water Containing 2,600 ppm Boron 
 in Liquid at 90 °C [194°F] ............................................................................................... 2-7 

3-1 Photos of Titanium Grades 7 and 29 Specimens During and After the Test.................. 3-2 



 

vi 

TABLES 

Table Page 

2-1 Weight Loss and Corrosion Rates of 304B4 Specimens Exposed in  
 Simulated J-13 Water for 200 Days ............................................................................... 2-3 
2-2 Inductively Coupled Plasma Analysis of Posttest Solutions ........................................... 2-4 
2-3 Composition of Neutral-Type Water ............................................................................... 2-4 
2-4 Weight Loss and Corrosion Rates of 304B4 Specimens Exposed in Neutral-Type 
 Water for 272 Days ........................................................................................................ 2-5 
2-5 Weight Loss and Corrosion Rates of 304B4 Specimens Exposed  
 in Boric Acid-Containing Water for 272 Days ................................................................. 2-6 

3-1 Specimens Weight Before and After Test at Temperature of 90 °C [194°F] 
 and Relative Humidity of 75 Percent .............................................................................. 3-3 

 



 

1-1 

1 INTRODUCTION 

The U.S. policy for disposal of spent nuclear fuel (SNF) and high-level radioactive waste (HLW) 
is currently being reexamined, and possible alternatives to the proposed Yucca Mountain 
repository are being considered.  In anticipation of possible statutory changes, the U.S. Nuclear 
Regulatory Commission (NRC) staff have developed a plan for integrating SNF regulatory 
activities in response to changing priorities in the national program for managing SNF and HLW.  
One element of the integrated program is for NRC, with assistance from the Center for Nuclear 
Waste Regulatory Analyses (CNWRA®), to conduct technical analyses related to the ultimate 
disposal of SNF and HLW in a geologic medium (e.g., clay, granite, and salt).  These analyses 
are designed to reduce technical uncertainties and knowledge gaps such that the agency is 
prepared to continue to regulate disposal in any future policy and legal environment. 

In fiscal year 2012, activities focused on further refining technical issues identified during 
previous years, and developing detailed plans for resolving them.  One plan is to conduct 
specific, well-defined tests and experiments that directly address the technical issues.  This 
report provides updates on laboratory experimental studies conducted at CNWRA on titanium 
alloys and borated stainless steel materials that are candidate engineered barrier materials for 
various geologic disposal systems. 

1.1 Objective 

In the fiscal year 2011 status report (He, et al., 2011), additional tests were identified to 
address uncertainties in the experimental test on titanium alloys under dripping seepage 
water conditions and borated stainless steel in humid air.  The objective of this report is to 
provide updates on these additional tests and future work to address the issues on 
corrosion of engineered barriers. 

1.2 Organization of the Report 

This report is organized into four chapters.  Chapter 1 includes the introduction; Chapter 2 
discusses testing of borated stainless steel in humid air; Chapter 3 reviews titanium alloy 
dripping tests; and Chapter 4 summarizes the test results and future work.  
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2 BORATED STAINLESS STEEL CORROSION IN HUMID AIR 

Borated stainless steel alloys are neutron absorber materials used for criticality control 
(ASTM International, 2007).  In a repository environment, breaching of the waste package could 
lead to corrosion of neutron absorbers, which could compromise criticality margins.  Absorber 
material could be subjected to humid air corrosion, but corrosion rate data for this environment 
are scarce.  In fiscal year 2011, 304B4 and 304B5 borated stainless steels were tested in liquid 
and vapor phase simulated J-13 water at 60, 75, and 90 °C [140, 167, and 194 °F] for 
approximately 3 months with results reported in He, et al. (2011).  Additional tests were 
conducted in 2012 to address the following technical issues. 

 Pitting corrosion was observed from exposure to simulated J-13 water vapor, but it is not 
clear whether pit growth persists with time.  Therefore, tests longer than 3 months using 
the same solution composition and at the same temperature were conducted to improve 
understanding of how these pits evolve as a function of time.   

 After evaporation, simulated J-13 water is likely to evolve into an alkaline-type brine 
according to thermodynamic simulations (Dunn, et al., 2005).  To cover a wider range of  
brine chemistry, tests with another type dilute water that will evolve to a neutral-type 
brine after evaporation were conducted (Dunn, et al., 2005). 

 During the disposal period, neutron absorber material may be exposed to small volumes 
of boron-containing water that remain after extended storage, or to infiltrating 
groundwater with elevated concentrations of boron leached from soil or rocks (Fram and 
Belitz, 2012; Buszka, et al., 2007).  Exposure tests were conducted in the liquid and 
vapor phase of boron-containing water. 

2.1 Test in Simulated J-13 Water for 200 Days  

Three specimens of 304B borated stainless steel were exposed in vapor and three other 
specimens were exposed to liquid at temperatures of 60, 75, and 90 °C [140, 167, and 194 °F].  
The only difference from the previous test is that the large surface of the specimens was 
vertically oriented instead of horizontally to avoid accumulation of condensation on the 
specimen surface, as shown in Figure 2-1.  The tests were terminated after 200 days.   

After the test at 90 °C [194 °F], the solution was slightly cloudy and yellowish.  For all other 
tests, the solution was clear and no visible solids were observed after the tests.  Some white 
deposits were observed on specimens, as shown in Figure 2-2.  (Only the 90 °C [194 °F] 
specimens are shown in the figure.  Others have fewer deposits and are not shown in the 
figure).  No corrosion pits were observed on any specimen during the 200 day test.  This 
difference could be a result of less contact with the polytetrafluoroethylene holder material and 
less accumulation of condensation on the specimen surface with the specimen oriented 
vertically to examine corrosion behavior under humid air as opposed to pool of water.   

After the test, all specimens showed weight loss.  Specimens were cleaned with 10 percent 
HNO3 at 60 °C [140 °F] for 20 minutes, which is the same solution as used previously (He, et 
al., 2011).  But the cleaning did not lead to much weight change.  To reduce uncertainty from 
additional metal dissolution from the cleaning solution, the weight loss after the test was used to 
calculate the corrosion rates, which are summarized in Table 2-1.  The corrosion rates were 
less than 70 nm/yr for samples exposed to both humid air and the solution, which is similar to  
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Figure 2-1.  304B4 Borated Stainless Steel Specimens Setting Vertically in the Cell Before 
Exposure to Simulated J-13 Water 

 

Tests 
Sample 

ID Before Exposure Post Exposure 

90 °C 
[194 °F] 
Liquid 

B4-13 

B4-14 

B4-15 

90 °C 
[194 °F] 
Humid 
air 

B4-16 

B4-17 

B4-18 

Figure 2-2.  Coupons Before and After Exposure in Simulated J-13 Water for 200 days 
 

304B4 specimen 
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Table 2-1. Weight Loss and Corrosion Rates of 304B4 Specimens Exposed in Simulated 
J-13 Water for 200 Days 

Tests Sample ID 
Weight Loss, 

mg 
Corrosion 

Rate, nm/yr 

Average Corrosion 
Rate ± Standard 
Deviation, nm/yr 

60 °C [140 °F] 
Liquid 

B4-1 1.39 43 
30±12 B4-2 0.80 25 

B4-3 0.64 20 

60 °C [140 °F] 
Humid air 

B4-4 1.84 58 
36±19 B4-5 0.75 23 

B4-6 0.84 26 

75 °C [167 °F] 
Liquid 

B4-7 0.15 5 
10±8 B4-8 0.18 6 

B4-9 0.61 19 

75 °C [167 °F] 
Humid air 

B4-10 0.89 28 
30±3 B4-11 1.08 34 

B4-12 0.90 28 

90 °C [194 °F] 
Liquid 

B4-13 1.36 43 
28±14 B4-14 0.91 28 

B4-15 0.45 14 

90 °C [194 °F] 
Humid air 

B4-16 1.99 62 
50±11 B4-17 1.30 41 

B4-18 1.54 48 

that obtained previously (He, et al., 2011).  The average corrosion rates in humid air were 
higher than in liquid.  Solutions were collected for Inductively Coupled Plasma analysis.  
Elements with concentrations above detection limits are shown in Table 2-2.   Iron dissolution 
from the borated stainless steel is below the detection limit. 

2.2 Test in Neutral Type Water 

The chemical composition for the neutral type water is shown in Table 2-3, which is near the 
center of the neutral type water in the ternary (Ca-SO4-HCO3) phase diagram, as shown in 
Figure 2-3.  This solution composition is more representative of the neutral type water compared 
to the previous neutral type water used in the dripping test (He, et al., 2011), also shown in 
Figure 2-3.  There were three specimens arranged vertically in liquid and three specimens in 
vapor at three temperatures of 60, 75, and 90 °C [140, 167, and 194 °F].  

The test was terminated in 272 days.  After the test, some specimens had scale on the surface 
and most specimens showed weight gain.  The specimens were cleaned with 10 percent HNO3 
at 60 °C [140 °F] for 20 minutes.  After the first cleaning, some specimens still showed weight 
gain.  Further cleaning was conducted, but weight gain persisted.  Weight loss from the first 
cleaning was used to calculate weight loss because further cleaning led to dissolution of metal 
from the control specimen.  The corrosion rates were summarized in Table 2-4 (specimens with 
weight gain were not used to calculate corrosion rates).  Overall, corrosion rates were 
negligible, although rates were higher in humid air.    
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Table 2-2.  Inductively Coupled Plasma Analysis of Posttest Solutions 
Species Above 
Detection Limit 60 °C [140 °F] 75 °C [167 °F] 90 °C [194 °F] 

B 14.0 13.9 12.2 
Ca 2.61 3.05 2.48 
Si 74 98.8 69.1 
Na 61.5 78.3 62.9 
S 6.89 8.67 7.44 
Chloride 11.8 15.6 11.6 
Fluoride 1.68 2.88 2.74 
Nitrate 3.29 4.06 3.33 
Sulfate 21.0 27.3 22.5 
 

Table 2-3.  Composition of Neutral-Type Water 
Ions Concentration, mg/L Chemicals Molarity, M 

Na+ 65.5 MgSO4 4.8 × 10−4 
K+ 4 K2SO4 5.1 × 10−5 
Mg2+ 11.7 Na2SO4 4.9 × 10−4 
Ca2+ 48.2 CaCl2 6.7 × 10−4 
F− 6.3 Ca(NO3)2 5.4 × 10−4 
Cl− 47.3 NaNO3 3.2 × 10−4 
SO4

2− 98 NaHCO3 1.7 × 10−3 
NO3

− 86 — — 
HCO3

− 101 — — 
CO3

2− 1 — — 

Si 84.4 — — 
pH calculated 7.78 — — 
 

 
Figure 2-3.  Ternary (Ca-SO4

-HCO3) Phase Diagram Showing the Three Brine Types and 
Test Solutions Used in the Current and Previous Work 
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Table 2-4.  Weight Loss and Corrosion Rates of 304B4 Specimens Exposed in 
Neutral-Type Water for 272 Days 

Tests Sample ID 

Weight Loss After 
First Cleaning With 
10 Percent HNO3 at 
60 °C [ 140 °F] for 
20 Minutes, mg 

Corrosion 
Rate, nm/yr 

Average 
Corrosion 

Rate ± 
Standard 
Deviation, 

nm/yr 

60 °C [140 °F] 
Liquid 

B4-19 0.18 4 
5±4 B4-20 0.08 2 

B4-21 0.42 10 

60 °C [140 °F] 
Humid air 

B4-22 0.4 9 
7±3 B4-23 0.39 9 

B4-24 0.18 4 

75 °C [167 °F] 
Liquid 

B4-25 Weight gain (0.67) N/A 
N/A B4-26 0.2 5 

B4-27 Weight gain (0.54) N/A 

75 °C [167 °F] 
Humid air 

B4-28 0.24 5 
7±1 B4-29 0.3 7 

B4-30 0.32 7 

90 °C [194 °F] 
Liquid 

B4-31 Weight gain (2.37) N/A 
N/A B4-32 Weight gain (3.06) N/A 

B4-33 Weight gain (5.53) N/A 

90 °C [194 °F] 
Humid air 

B4-34 2.2 50* 

2 ± 2 
B4-35 0.03 1 

B4-36 0.2 5 

*This data point appears to be an outlier. 
 

2.3 Tests in Boric Acid-Containing Solution 

In a repository environment, neutron absorber material may be exposed to boron-containing 
water.  The boron may come from residual water left from the drying process prior to disposal or 
from infiltrating groundwater with elevated boron concentrations leached from soil or rocks.  
Exposure tests in boric acid-containing solution simulating the spent fuel pool water were 
conducted at temperatures of 60, 75, and 90 °C [140, 167, and 194 °F].  The test water 
contained 2,600 ppm boron by dissolving 5.2 g H3BO3 in 2 L deionized water.  Each 
temperature had six specimens, two in liquid and four in vapor with two horizontal and 
two vertical, as shown in Figure 2-4.  The test was terminated at 232 days. 

After the test, all specimens showed much larger weight loss compared to tests discussed in 
Sections 2.1 and 2.2 and only two specimens exposed to liquid at 90 °C [194 °F] showed pitting 
on the surface.  Table 2-5 summarizes weight loss results and corrosion rates.  Corrosion rates 
estimated from this set of tests varied widely and the uncertainty in the corrosion rate was on 
the same order as the corrosion rate.  More test specimens are needed to obtain an accurate 
corrosion rate.  The specimens with pitting corrosion, which were very narrow, are shown in 
Figure 2-5.  
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Figure 2-4.  304B4 Borated Stainless Steel Specimens Setting Vertically in the Cell Before 
Exposure to Water Containing 2,600 ppm Boron 

 
Table 2-5.  Weight Loss and Corrosion Rates of 304B4 Specimens Exposed in Boric 

Acid-Containing Water for 272 Days 

Tests Sample ID 
Weight Loss, 

mg 
Corrosion Rate, 

nm/yr 

Average Corrosion 
Rate ± Standard 
Deviation, nm/yr 

60 °C [140 °F] 
Liquid 

B4-40 0.89 24 
114±127 B4-41 7.58 204 

60 °C [140 °F] 
Humid air 

B4-42 (vertical) 4.68 126 

375±342 

B4-44 (vertical) 14.72 395 
B4-45 

(horizontal) 4.72 127 
B4-46 

(horizontal) 31.73 852 
75 °C [167 °F] 
Liquid 

B4-47 0 33 
46±18 

B4-48 2.2 59 

75 °C [167 °F] 
Humid air 

B4-49 (vertical) 4.09 110 

675±480 

B4-50 (vertical) 22.17 595 
B4-51 

(horizontal) 26.58 714 
B4-52 

(horizontal) 47.63 1279 
90 °C [194 °F] 
Liquid 

B4-53 3.55 Pitting occurred 
N/A 

B4-54 9.15 Pitting occurred 

90 °C [194 °F] 
Humid air 

B4-55 (vertical) 16.7 449 

368±200 

B4-56 (vertical) 2.51 67 
B4-57 

(horizontal) 17.59 472 
B4-58 

(horizontal) 17.95 482 
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Figure 2-5.  Specimens Showed Pitting After Exposure to Water Containing 2,600 ppm 
Boron in Liquid at 90 °C [194 °F] 
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3 TITANIUM ALLOY CORROSION UNDER DRIPPING SEEPAGE 
WATER CONDITIONS 

Previously, two sets of dripping tests were conducted on Titanium Grades 7 and 29 with 
neutral-type seepage water exposed to a constant temperature and relative humidity.  The first 
set was conducted at 80 °C [176 °F], 85 percent relative humidity, and a dripping rate of 
80 ml/day [2.7 oz/day], and the second set was conducted at 95 °C [203 °F], 75 percent relative 
humidity, and a dripping rate of 65 ml/day [2 oz/day].   

The corrosion rates of Titanium Grades 7 and 29 materials exposed to 80 °C [176 °F] 
and 85 percent relative humidity for 181 days were in the range of 20–50 nm/yr  
[7.9 × 10−7–2.0 × 10−6 in/yr].  There was no clear difference in the measured corrosion rates of 
Titanium Grades 7 and 29.  The corrosion rates for Titanium Grades 7 and 29 exposed to 95 °C 
[203 °F] and 75 percent relative humidity for 64 days were 130–380 nm/yr [5.12 × 10−6  to  
1.50 × 10−5 in/yr] and 260–530 nm/yr [1.02 × 10−5 to 2.09 × 10−5 in/yr], respectively.  No 
localized corrosion was observed on either titanium alloy from the two sets of tests. 

Because higher corrosion rates were observed from exposure conditions at 95 °C [203 °F] and 
75 percent relative humidity and titanium corrosion rates are likely to decrease with time, 
additional tests at this condition were conducted for a longer test duration to determine 
long-term corrosion rates.  Three specimens of Titanium Grades 7 and 29 were used in the test.  
The specimens were set up with other circular specimens, as shown in Figure 3-1(a).  The tests 
were conducted at 90 °C [194 °F] and 75 percent relative humidity for 129 days, allowing for 
better control of environmental chamber set points.  However, the temperature difference may 
have introduced additional corrosion rate uncertainty.  

Photos of the post test specimens are shown in Figure 3-1(b).  As observed previously, the 
specimens were covered with white deposits.  Using the same procedure, as in the previous 
test, the specimens were chemically cleaned with 1.8 M HCl solution four times.  The weight 
change after cleaning is summarized in Table 3-1.  Because there was a consistent weight gain 
after cleaning with HCl solution, the specimens were further cleaned in boiling 10 percent HNO3 
solution.  After the first HNO3 cleaning, the Titanium Grade 29 specimens showed weight loss, 
but the Titanium Grade 7 specimens still showed weight gain because of strong adherence of 
the thickened oxide film to the surface.  The specimens were cleaned again in the same HNO3 
solution.  After this cleaning, one Titanium Grade 7 specimen still showed weight gain.  To avoid 
metal dissolution from further cleaning, the specimens were not cleaned further.  The 
specimens after all cleaning, are shown in Figure 3-1(c).  Consistent with the previous test, no 
pitting corrosion was observed in the specimens. 

The weight loss after the second HNO3 cleaning was used to calculate the corrosion rates, 
which are summarized in Table 3-1.  For Titanium Grade 7, the corrosion rate was less than 
30 nm/yr.  For Titanium Grade 29, the corrosion rate was less than 80 nm/yr.  Overall, for this 
set of tests, the corrosion rate is twice as low as the previous test, although the exposure time is 
twice as long (He, et al., 2011).  These lower corrosion rates are close to the upper bound of 
literature data under immersion conditions (Sandia National Laboratories, 2007).  The lower 
corrosion rates could be a result of the lower temperature or (the reduced cycling between) dry 
and wet conditions.  
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(a) Dripping Test Setup (the Test Specimens are at the Back of the Chamber) 
 

Side subject to dripping Side not subject to dripping 

 
(b) After Test for 129 Days 

 

 

 
(c) After Final Cleaning With 1.8 M HCl and 10 Percent HNO3 

 
Figure 3-1.  Photos of Titanium Grades 7 and 29 Specimens During and After the Test 
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Table 3-1.  Specimens Weight Before and After Test at Temperature of 90 °C [194 °F] and Relative 
Humidity of 75 Percent 

Sample 
Identification Ti 7-1 Ti 7-2 Ti 7-3 Ti 29-1 Ti 29-2 Ti 29-3 
Initial weight, g 41.77371 40.50330 42.05427 33.43679 33.21425 51.05164 
First HCl 
cleaning  

41.77468 40.50420 42.05535 33.43798 33.21527 51.05206 

Second HCl 
cleaning 

41.77419 40.50379 42.05500 33.43776 33.21459 51.05188 

Third HCl 
cleaning 

41.77427 40.50383 42.05492 33.43741 33.21414 51.05181 

4th HCl 
cleaning 

41.77405 40.50391 42.05449 33.43717 33.21411 51.05184 

First HNO3 
cleaning 

41.77379 40.50364 42.05450 33.43667 33.21405 51.05163 

Second HNO3 
cleaning 

41.77370 40.50316 42.05456 33.43664 33.21394 51.0511 

Weight 
loss, mg 

0.01 0.14 Weight gain 
of 0.29 mg 

0.15 0.31 0.54 

Corrosion rate, 
nm/yr 

1 26 N/A 30 55 76 
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4 SUMMARY AND FUTURE WORK 

4.1 Summary 

This report updates the status of laboratory experiments on corrosion of engineered barrier 
metallic materials initiated in fiscal year 2011 and conducted in fiscal year 2012.  The laboratory 
experiments were conducted to address technical issues related to engineered barriers.  

Following the work conducted in fiscal year 2011, additional tests on titanium alloy under 
dripping seepage water conditions and on borated stainless steel in humid air were conducted.  
304B4 borated stainless steel was exposed to humid air in equilibrium with simulated J-13 
water, neutral type groundwater, and water containing 2,600 ppm boron.  Contrary to a previous 
shorter term test in simulated J-13 water, pitting corrosion was not observed under the same 
temperatures, which could be a result of less contact with the polytetrafluoroethylene holder 
material and orientation of the specimen.  With J-13 water, the corrosion rates were less than 
60 nm/yr.  Pitting corrosion of 304B4 also was not observed under exposure to neutral type 
water and specimens showed negligible corrosion rates in this type of water.  Specimens 
exposed to water containing 2,600 ppm boron showed the highest corrosion rates and pitting 
corrosion was observed at 90 °C [194 °F] in liquid exposure.  

Dripping tests at longer durations indicate corrosion rates for Titanium Grades 7 and 29 were 
less than 30 and 80 nm/yr, respectively, indicating that corrosion rates may have decreased as 
dripping progressed.  The lower corrosion rates compared to previous study in fiscal year 2011 
could be a result of lower temperature or better control of the environmental chamber.  
Consistent with previous tests, no pitting corrosion was observed. 

4.2 Future Work 

To support NRC in assessing technical issues related to ultimate disposal of SNF and HLW that 
is broadly applicable to chemical degradation in different physio-chemical environments, 
CNWRA staff is expanding the current experimental program to investigate chemical 
degradation of engineered system materials to include copper and carbon steel.  Tests on 
copper corrosion in a reducing environment are on-going.  Stress corrosion cracking tests of 
carbon steel are planned.  Additional tests on titanium alloys and borated stainless steel in other 
environments, such as salts and deep borehole, are to be identified and considered for 
continued studies.  
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