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BACKGROUND

• The long life of waste packages (WP) and drip shields 
(DS)  is a key attribute of the U.S. Department of Energy 
(DOE) safety strategy for the potential disposal of high-
level waste (HLW) at Yucca Mountain (YM), Nevada.  

• Aqueous corrosion is expected to be a primary 
degradation process limiting the life of WP and DS.  The 
type, rate, and duration of WP and DS corrosion that 
may occur at the repository are dependent on solution 
chemistry and temperature.  

• Conditions that could lead to aqueous corrosion of WP 
and DS surfaces could result from (i) seepage of 
groundwater into the drift or (ii) deliquescence of dusts 
on the WP and DS surfaces.  



Schematic Illustration of the Emplacement Drift with 
Cutaway Views of Different Waste Packages (DOE, 2002) 



BACKGROUND
(Continued)

• In a hot repository setting, evaporation processes could 
increase the aqueous concentrations of corrosion-enhancing 
anions (e.g., chloride and fluoride) and corrosion-inhibiting 
anions (e.g., nitrate, carbonate and sulfate). 

• Evaporation processes and entrainment of atmospheric salts 
with ventilation air could lead to the accumulation of multi-
component salt deposits on WP and DS surfaces.  

• Inorganic salts can be hygroscopic and will absorb moisture 
from humid air, generating small volumes of potentially 
corrosive brines.  Depending on the types of salts, various 
deliquescent aqueous environments could form at various 
temperatures as high as 180 °C [356 °F].



WORK DESCRIPTION

• Modeling and experimental studies have been conducted to 
determine the plausible range of chemical conditions that may 
occur on the WP and DS surfaces at the potential YM repository 
[Pabalan et al., 2002].  

• This paper presents the results of additional modeling studies 
focused on the effects of (i) dust salt deliquescence, (ii) 
physical separation of salts with different solubilities, and (iii) 
corrosion products on the chemistry of brines that contact the 
engineered barrier.

• Thermodynamic simulations were conducted using the 
LabAnalyzer and StreamAnalyzer software.  These codes are 
part of a suite of software developed by OLI Systems, Inc. 
(Morris Plains, New Jersey) for evaluating aqueous chemical 
processes in industrial and environmental applications.



RESULTS: Dust Deliquescence

• DOE proposed six bins of dust aqueous elemental 
compositions [Bechtel SAIC, 2003].  They were obtained from 
the chemical analysis of leachates of dust collected in the 
Exploratory Studies Facility of the potential YM repository.  The 
compositions of four of the six bins were chosen for this 
exercise.  

• Deleterious conditions for corrosion are determined based on 
the ratios of the concentration of corrosion inhibiting species 
(i.e., oxyanion) to that of corrosion enhancing species (i.e., 
chloride ion).  As fluoride effects are studied separately, the 
ratios of oxyanion (nitrate, carbonate/bicarbonate, or sulfate) to 
chloride were plotted from the results of the simulation.  

• At 100, 140 and 160 °C [212, 284 and 320 °F], at least one of the 
ratios appear to be greater than the conservative threshold 
value, ~ 0.5,  for initiation of localized corrosion of Alloy 22
below the threshold value [Dunn et al., 2005].  



Ternary Phase Diagram Showing the Six DOE Bins 
Representing the Compositions of Brines that May 

Form by Deliquescence of Dust Salts



Evaporation of Dust Bin 1, 100 C
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Evaporation of Dust Bin 6, 140 C 
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RH vs. Conc. Factor Dust Bin 5, 160 C
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RESULTS: Physical Separation

• Physical separation of soluble salts with different solubilities can 
result from evaporation of seepage pore water (SiO2 - 61, Na+1– 45.8, 
K+-5.04, Mg+2– 2.01, Ca+2 -13, F- - 2.18, Cl-1 – 7.14, SO4

-2 – 18.4, NO3
-1 –

8.78, HCO3
-1 – 128.9 mg/L) the WP and DS surface. On the first place 

where groundwater drips, solids precipitate leaving the solution
chemistry altered. 

• As the solution of the altered chemistry flows on the WP or DS 
surface, other types of precipitates may form.  

• In each cell (i.e., the dripping place), the StreamAnalyzer code was 
exercised to determine the ratios of oxyanions to chloride.  At 100 °C 
[212 °F] up to 7 cells (spatial arrangement) were tested at 
concentration factors of 2, 10, and 100.  

• The ratios typically showed values lower than  0.5.  

• The capillary force of thin film water could prohibit the groundwater 
flowing and the diffusion of dissolved species could homogenize the 
brine chemistry.



Physical Separation of Pore Water, 100 C, 
Conc. Factor = 10
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Physical Separation of Pore Water, 100 C, 
Conc. Factor = 2
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RESULTS: Effect of Iron Component

• Any iron component (e.g., steel) may alter the groundwater chemistry 
in the drift.  This simulation would apply to the in-package (i.e., inside 
the failed WP) chemistry.

• The contributions of corrosion products from uniform corrosion of 
steel are maintained constant at 1 M while the contributions of 
corrosion products from localized corrosion is increased from 0 to 
0.25 M.  The base solution was J13 well water (SiO2 – 10.4, Na+1– 8.56, 
K+-4.00, Mg+2– 11.8, Ca+2 -57.3, F- - 2.16, Cl-1 – 76.6, SO4

-2 – 83.9, NO3
-1 –

10.7, HCO3
-1 – 20.3 mg/L)

• From the 0.1 M contribution from localized corrosion, pH dropped
below 3 at 100 °C [212 °F] and the concentration factor of 10.  

• The possibility of higher contributions from localized corrosion under 
repository conditions is likely to be diminished over an extended 
period.



pH with J13, 1M Uniform Corrosion, 100 C
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SUMMARY

• The results of the simulations suggest  that most brines that 
could form in the in-drift environment of the potential 
repository are benign with respect to localized corrosion of WP 
or DS.  

• Some deleterious environments may form under the physical 
separation conditions and in the presence of steel components.  
The likelihood of such environments was discussed. 



DISCLAIMER

The NRC staff views expressed herein are preliminary and do not constitute a final judgment or 
determination of the matters addressed or of the acceptability of a license application for a
geological repository at Yucca Mountain.  This presentation is also an independent product of the
CNWRA and does not necessarily reflect the views or regulatory position of the NRC.
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