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Effect of Areal Power Density and Relative Humidity on Corrosion 
Resistant Container Performance 

James D. Gansemer, Alan Lamont 
Lawrence Livermore National Laboratory 

P.O. Box 808 
Livermore, CA 94551 

The potential repository at Yucca Mountain is expected to undergo a period of dryout due to 
thermal loading followed by rewetting as the rock mass cools. The timing of the rewetting process 
is critical to evaluation of repository performance since the container corrosion processes are 
sensitive to the temperature at die time of rewetting. Up to now, some fairly simple assumptions 
about rewetting time have been made1-2. Recently Buscheck et al3 at the Lawrence Livermore 
National Laboratory (LLNL) have modelled the time history of relative humidity and temperature 
for several areal power densitys (APD) and locations within the repository. The temperature-
humidity histories included in this study were calculated using a bulk permeability of 280 
millidarcies and a repository-scale smeared disk heat source. These studies indicate that for a 
repository design with a high APD, relative humidity remains low until the repository temperature 
returns to near ambient conditions. For a repository with a low APD, the relative humidity returns 
to ambient conditions (98%) much earlier, before the repository has cooled substantially below its 
peak temperature. These trends are illustrated in Figure 1. 
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Figure 1: Temperature and relative humidity versus time for median locations (data from 
Buscheck et al3) 

This paper explores the impact of the temperature-humidity relationships on pitting corrosion 
failure of stainless steel containers in the repository. It compares the likely performance of 
containers in a repository with a low APD, 55 kW/acre, and a high APD, 110 kW/acre. 
Corrosion model and parameters 

The analysis here uses the pitting corrosion model contained in the Yucca Mountain Integrating 
Model4-5 (YMIM) which models the growth of pits as a function of time and temperature. The 
YMIM pitting corrosion model is stochastic and predicts a time history of container failures. 

1 



As a first approximation, it is assumed here that there is some critical relative humidity at which 
a water film can form on the container surface and initiate pitting. It is assumed that the value of 
the critical relative humidity is approximately independent of temperature within the range of 
temperatures considered here. To model the failures at a given value of critical relative humidity, 
the YMIM model was run and pitting corrosion was not started until the time at which the relative 
humidity reached the given value. 

The true value of the critical relative humidity is uncertain and must be determined 
experimentally. This study uses judgments from LLNL corrosion experts which indicate that the 
critical value is unlikely to be less than 65% or greater than 80%. It is most likely to be between 70 
and 75%. A second uncertain parameter which can also be determined from experiments, known 
as the "70° pitting increment", is closely related to the rate of growth of the average pit. Based 
again on expert judgment of LLNL researchers, it is unlikely to be less than 0.003 mm or greater 
than 0.3 mm, and is most likely to be around 0.03 mm1. 

Analysis and results 
We analyzed a single walled container with a 1 cm thick 825 stainless steel wall. A double 

walled container with a mild steel overpack was not studied since the corrosion of a mild steel 
overpack is studied separately by McCoy et al6. 

YMIM was used to determine the minimum pitting increment required to fail 100% of the 
containers during 100,000 years as a function of critical relative humidity using the relative 
humidity and temperature data provided by Buscheck et al3. This was done for APD's of 55 and 
110 kW/acre and containers at the edge, median, and center repository locations. Figure 2 shows 
the results for each case. The region above a line represents the combinations of critical relative 
humidity and pitting increment that lead to 100% failures for that case. Since the range of 70°C 
pitting increments over which the transition from 100% failures to less than 5% failures in 100,000 
years was found to be small, only the line representing 100% failures is shown in figure 2. 
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Figure 2: Minimum pitting increment for failure to occur as a Junction of critical relative 
humidity for several locations in the 55 and 110 kW/acre designs. 
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The shaded area in Figure 2 highlights the region where parameter values are expected to fall. 
For the 110 kW/acre cases the true values of pitting increment and critical relative humidity are 
expected to lie below the line (except for containers at the edge). For the 55 kW/acre design the 
values are expected to fall above the line. Thus taking rewetting and temperature into account and 
integrating over repository location, it is expected that a significantly greater percentage of 
containers would be likely to fail for a 55 kW/acre repository as compared to a 110 kW/acre 
repository. 
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