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OutlineOutline

•• BackgroundBackground
•• ObjectivesObjectives
•• ExperimentsExperiments

–– Carbon Steel and Glass Immersion Carbon Steel and Glass Immersion 
–– Neptunium SorptionNeptunium Sorption
–– Stainless Steel Immersion Stainless Steel Immersion 

•• ResultsResults
•• SummarySummary
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BackgroundBackground
•• The waste package would be an The waste package would be an 

important engineered barrier important engineered barrier 
controlling the release of controlling the release of 
radionuclides from the potential radionuclides from the potential 
repository at Yucca Mountainrepository at Yucca Mountain

•• Penetration of the waste package Penetration of the waste package 
may allow seepage water to enter may allow seepage water to enter 
and contact the waste formsand contact the waste forms

•• Reactions with inReactions with in--package components are expected to affect package components are expected to affect 
water chemistry, which affects waste form degradation and water chemistry, which affects waste form degradation and 
radionuclide release (e.g., radionuclide release (e.g., PuPu and and NpNp))

•• Steel corrosion products may retard release of radionuclides Steel corrosion products may retard release of radionuclides 
such as such as NpNp

•• A newer DOE canister design eliminates most carbon steel A newer DOE canister design eliminates most carbon steel 
internal componentsinternal components

(Modified from U.S. DOE, Yucca Mountain 
Science and Engineering Report, Rev 1, 2002)

Stainless steel canisters filled 
with high-level waste glass

Alloy 22 outer 
container

Carbon 
steel 
inserts
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DOE InDOE In--Package Chemistry Model AbstractionPackage Chemistry Model Abstraction

•• Corrosion of A516 carbon Corrosion of A516 carbon 
steel leads to pH values steel leads to pH values 
of 1.5 to 2, due toof 1.5 to 2, due to
–– oxidation of elemental oxidation of elemental 

sulfur sulfur 
–– large quantity and high large quantity and high 

corrosion rate of steel  corrosion rate of steel  

•• Multicomponent models Multicomponent models 
predict minimum pH of predict minimum pH of 
~4~4

•• Surface complexation Surface complexation 
model predicts that the model predicts that the 
pH will be buffered at 7.3 pH will be buffered at 7.3 
to 8.1 to 8.1 

Carbon steel

(Bechtel SAIC Company, LLC. Technical 
Basis Document No. 7: In-Package 
Environment and Waste Form Degradation 
and Solubility, Rev 1, 2004)
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ObjectivesObjectives

•• Conduct independent analysis of inConduct independent analysis of in--package chemistry to package chemistry to 
–– Reduce uncertainty in possible range of chemistries on corrosionReduce uncertainty in possible range of chemistries on corrosion

of steels and glass waste formof steels and glass waste form
–– Provide insights into DOE inProvide insights into DOE in--package chemistry abstractionpackage chemistry abstraction

•• Experimentally determine the evolution of the chemical Experimentally determine the evolution of the chemical 
composition and pH of the fluid inside the waste package composition and pH of the fluid inside the waste package 
due to corrosion of carbon steel and stainless steel due to corrosion of carbon steel and stainless steel 
samples starting with expected groundwater samples starting with expected groundwater 
compositionscompositions

•• Characterize the corrosion products by particle size Characterize the corrosion products by particle size 
distribution, mineral phases, and neptunium sorptiondistribution, mineral phases, and neptunium sorption
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ExperimentsExperiments

•• Materials: A516 carbon steel, 316L stainless steel, and Materials: A516 carbon steel, 316L stainless steel, and 
simulated SRSsimulated SRS--202G high202G high--level waste glasslevel waste glass

316L Stainless 316L Stainless 
Steel Heat P80746Steel Heat P80746

A516 Carbon Steel A516 Carbon Steel 
(Heat D84944)(Heat D84944)

0.0140.0140.0180.0180.0260.0260.490.491.581.58NANANANA2.072.0710.0410.0416.3516.35BalBal

0.180.180.0110.0110.0110.0110.300.300.900.900.0210.021<0.01<0.01<0.01<0.01NANA0.020.02BalBal

CCSSPPSiSiMnMnAlAlVVMoMoNiNiCrCrFeFe

Chemical Composition (Weight Percent)Chemical Composition (Weight Percent)

Simulated highSimulated high--level waste glass:level waste glass: AlAl22OO33 (5.81), B(5.81), B22OO33 (10.32), (10.32), BaOBaO
(0.03), (0.03), CaOCaO (1.08), Cr(1.08), Cr22OO33 (0.41), (0.41), CuOCuO (0.12), Fe(0.12), Fe22OO33 (9.27), K(9.27), K22O (3.28), LaO (3.28), La22OO33
(0.02), Li(0.02), Li22O (3.44), O (3.44), MgOMgO (1.70), MnO(1.70), MnO22 (1.54), MoO(1.54), MoO33 (0.01), Na(0.01), Na22O (15.33), NdO (15.33), Nd22OO33
(0.01), (0.01), NiONiO (0.95), P(0.95), P22OO55 (0.32), (0.32), PbOPbO (0.04), SiO(0.04), SiO22 (44.46), (44.46), SnOSnO (0.02), TiO(0.02), TiO22
(0.13), UO(0.13), UO33 (1.61), (1.61), ZnOZnO (0.01), and ZrO(0.01), and ZrO22 (0.08) (0.08) 
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ExperimentsExperiments——continuedcontinued

•• Solution: simulated sodiumSolution: simulated sodium--pore waterpore water

•• Test solution volume : surface area of carbon Test solution volume : surface area of carbon 
steel/stainless steel = 13.7 mL/cmsteel/stainless steel = 13.7 mL/cm22

•• Temperature: 60 °CTemperature: 60 °C
•• Tests: Immersion in glass cell lined with Tests: Immersion in glass cell lined with 

polytetrafluoroethylenepolytetrafluoroethylene

8.488.482992996.156.1524.224.20.420.4231.331.31201203.373.376.166.1618.118.1Content Content 
(mg/L)(mg/L)

pHpHHCOHCO33
--FF--ClCl--NONO33

--SOSO44
22--NaNa++MgMg2+2+KK++CaCa2+2+SpeciesSpecies

Chemical Composition of Simulated SodiumChemical Composition of Simulated Sodium--Pore WaterPore Water
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InIn--Package Chemistry:Package Chemistry:
pH During Carbon Steel Corrosion in Simulated pH During Carbon Steel Corrosion in Simulated 
SodiumSodium--Pore WaterPore Water

•• High pH (>9) seen in High pH (>9) seen in 
simulated pore waters; simulated pore waters; 
moderate pH in moderate pH in deionizeddeionized
waterwater

•• In both cases, the pH In both cases, the pH 
values were higher than values were higher than 
predicted by DOE modelpredicted by DOE model

•• Addition of glass Addition of glass 
increased the pH furtherincreased the pH further
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InIn--Package Chemistry: Chemical Package Chemistry: Chemical 
Composition During Carbon Steel CorrosionComposition During Carbon Steel Corrosion

•• No soluble iron No soluble iron 
detected in solutiondetected in solution

•• Sulfur concentration Sulfur concentration 
increased during increased during 
the first 20 days, the first 20 days, 
but it decreased but it decreased 
with timewith time

•• Calcium and Calcium and 
magnesium magnesium 
decreased with timedecreased with time
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InIn--Package Chemistry:Package Chemistry:
Carbon Steel Corrosion ProductsCarbon Steel Corrosion Products
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•• Most particles ranged Most particles ranged 
from 0.5 to 3 µmfrom 0.5 to 3 µm

•• Small number of large Small number of large 
particles contributed particles contributed 
significant mass and significant mass and 
volumevolume

•• The corrosion The corrosion 
products tended to products tended to 
agglomerateagglomerate

•• XRD showed that the XRD showed that the 
corrosion products corrosion products 
were primarily were primarily 
magnetitemagnetite
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InIn--Package Chemistry: Neptunium Sorption Package Chemistry: Neptunium Sorption 
on Carbon Steel Corrosion Productson Carbon Steel Corrosion Products

•• KKDD——Magnitude of Magnitude of 
sorption of an sorption of an 
element or species element or species 
onto a given onto a given 
substrate substrate 

•• Corrosion products Corrosion products 
showed substantial showed substantial 
sorption of sorption of 
neptunium; neptunium; 
however, calcite however, calcite 
may also contribute may also contribute 
to the sorptionto the sorption

Tests are underway to determine neptunium 
sorption on calcite-free corrosion products 

Np KD for Carbon Steel Corrosion Products
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InIn--Package Chemistry: Stainless Steel Package Chemistry: Stainless Steel 
Corrosion in Simulated Pore WaterCorrosion in Simulated Pore Water

•• The chemical composition The chemical composition 
evolution of pore water evolution of pore water 
immersed with stainless steel immersed with stainless steel 
is similar to that of pore water is similar to that of pore water 
with no stainless steelwith no stainless steel

•• ClCl-- concentration increase concentration increase 
could be due to could be due to ClCl-- leaching leaching 
from pH probefrom pH probe
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•• Little pH change and no visible corrosion were observedLittle pH change and no visible corrosion were observed
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SummarySummary

•• Carbon steel corrosion processes increased the pH of the Carbon steel corrosion processes increased the pH of the 
solution from near neutral to alkaline (pH>9), solution from near neutral to alkaline (pH>9), 
accompanied by the formation of ironaccompanied by the formation of iron--bearing corrosion bearing corrosion 
product precipitates.product precipitates.

•• Adding simulated highAdding simulated high--level waste glass to the corroding level waste glass to the corroding 
carbon steel solution caused a further increase in pH.carbon steel solution caused a further increase in pH.

•• Stainless steel immersion produced little pH change, and Stainless steel immersion produced little pH change, and 
corrosion was limited.corrosion was limited.

•• No pH decrease was observed.  The measured pH values No pH decrease was observed.  The measured pH values 
were higher than predicted by DOE model. were higher than predicted by DOE model. 
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Future WorkFuture Work

•• Continue to conduct immersion tests of stainless steel Continue to conduct immersion tests of stainless steel 
specimens; tests may be extended to borated stainless specimens; tests may be extended to borated stainless 
steel, which is specified in the newer DOE canister steel, which is specified in the newer DOE canister 
design.design.

•• Evaluate the presence of colloids due to carbon steel and Evaluate the presence of colloids due to carbon steel and 
stainless steel corrosion with improved methods.stainless steel corrosion with improved methods.

•• Study the corrosion products of carbon steel and Study the corrosion products of carbon steel and 
stainless steel using stainless steel using in-situ Raman Spectroscopy.Raman Spectroscopy.

•• Model the chemical evolution of the experimental Model the chemical evolution of the experimental 
solutions during steel corrosion. solutions during steel corrosion. 
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DisclaimerDisclaimer

• This presentation was prepared to describe work 
performed by the Center for Nuclear Waste Regulatory 
Analyses (CNWRA) for the U.S. Nuclear Regulatory 
Commission (NRC) under Contract No. NRC–02–02–012. 
The activities reported here were performed on behalf of 
the NRC Office of Nuclear Material Safety and 
Safeguards, Division of High-Level Waste Repository 
Safety. This presentation is an independent product of 
the CNWRA and does not necessarily reflect the view or 
regulatory position of the NRC.
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