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Background

Stainless steel canisters filled The waste paCkage would be an
with high-level waste glass important engineered barrier
\ !‘ controlling the release of
" Alloy 22 outer | radionuclides from the potential
container i repository at Yucca Mountain

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

Codisposal Waste Package Insen

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

® Reactions with in-package components are expected to affiect
water chemistry, which affects waste form degradation and
radionuclide release (e.g., Puiand Np)

Steel corrosion products may retard release of radionuclides
such as Np

e A newer DOE canister design eliminates most carbon steel
internal components




DOE In-Package Chemistry Model Abstraction

e Corrosion of A516 carbon
steel leads to pH values
of 1.5 to 2, due to

— oxidation of elemental
sulfur

— large quantity and high
corrosion rate of steel
Multicomponent models
predict minimum pH of
~4
Surface complexation
model predicts that the
pH will be buffered at 7.3
to 8.1

106 10+ 102 1
Reaction Progress (moles)

Evolution of pH and Reactants for Codisposal Waste Packages
Seepage-Dripping Conditions and 10% Fuel Exposure at 25°C

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

under 1.5-Liyr




Objectives

® Conduct independent analysis of in-package chemistry to

— Reduce uncertainty in possible range of chemistries on corrosion
of steels and glass waste form

— Provide insights into DOE in-package chemistry abstraction

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

Characterize the corrosion products by particle size
distribution, mineral phases, and neptunium serption




Experiments

e Materials: A516 carbon steel, 316L stainless steel, and
simulated SRS-202G high-level waste glass

Chemical Composition (Weight Percent)

Fe

Cr

Ni

Mo

V

Al

Mn

Si

P

S

A516 Carbon Steel
(Heat D84944)

Bal

0.02

NA

<0.01

0.90

0.30

0.011

0.011

316L Stainless
Steel Heat P80746

Bal

16.35

10.04

2.07

NA

NA

1.58

0.49

0.026

0.018

Simulated high-

(0.13), U0, (1.61), ZnO (0.01), and Zr0, (0.08)

evel waste glass: AlLo; (5.81), B,O; (10.32), BaO
(0.03), CaO (1.08), Cr,0; (0.41), CuO (0.12), Fe,0; (9.27), K,0 (3.28), La,0;
(0.02), Li,O (3.44), MgO (1.70), MnO, (1.54), MoO, (0.01), Na,0 (15.33), Nd,0;
(0.01), NiO (0.95), P,O: (0.32), PbO (0.04), SiO, (44.46), SO (0.02), TiO,




Experiments—continued

® Solution: simulated sodium-pore water

Chemical Composition of Simulated Sodium-Pore Water

Species | Caz* | K+ | MgZ* | Na* | SO, |NO; | CIF | F | HCO;

Content
18.1 : 3.37 31.3 . : : 299
(mg/L)

e Test solution volume : surface area of carbon
steel/stainless steel = 13.7 mL/cm?

® Temperature: 60 °C

® Tests: Immersion in glass cell lined with
polytetrafluoroethylene




In-Package Chemistry:
pH During Carbon Steel Corrosion in Simulated
Sodium-Pore Water

e High pH (>9) seen in
simulated pore waters;
moderate pH in deionized
water

pH values

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

Addition of glass
Increased the pH further




In-Package Chemistry: Chemical
Composition During Carbon Steel Corrosion

No soluble iron e
detected in solution

& FeinCell #2
B FeinCell #3
Fe in Cell #4

Nhh—Ah—h— A ———%

Fe concentration (mg/L)

Sulfur concentration
increased during oo e
the first 20 days,

but it decreased
with time

Sulfur concentration (mg/L)

Time (days)

N
o

—>— Mg2+ in Cell #1
X Mg2+(calculated)

—_
(&)

& Mg2+in Cell #2
B Mg2+in Cell #3
A Mg2+in Cell #4

—_
o

a

Calcium and
magnesium
decreased with time 4010 30 40 10 30 50 70

Time (days) Time (days)

o

Ca?* concentration (mg/L)
Mg?*concentration (mg/L)
L o a4 N w A~ w

1
a




In-Package Chemistry:
Carbon Steel Corrosion Products

Size distribution analysis in micron range

Volume-weight Differential Distribution Number-weight Differential Distribution

® Most particles ranged
from 0.5 to 3 um :

Small number of large -
particles contributed
significant mass and
volume

The corrosion ' Diameter (um) ameter )’

Diameter (um

products tended to Environmental-Scanning Electron
agglomerate _ M|croscope photographs iy

XRD showed that the
corrosion products
were primarily
magnetite

1.2

0.8

Relative percent
Relative percent

0.4




In-Package Chemistry: Neptunium Sorption
on Carbon Steel Corrosion Products

® /(D—MagnitUde Of Np K, for Carbon Steel Corrosion Products
sorption of an . . . . .
element or species oo n
onto a given Avorage NpCS B
substrate

O
|
[ |
H Average NpCS B

—— DOE Fe-oxide Range

L
-
E
Q
X
o
Z

Corrosion products
showed substantial
sorption of

neptunium; | ' ' '

8.50 8.75 9.00

however, calcite oH

may also: contribute Tests are underway to determine neptunium
to the sorption sorption on calcite-free corrosion products




Concentration (mg/L)

n
]
=
®
>
= —e— Stainless steel in pore water (cell #1)
—=— Stainless steel in pore water (cell #2)
—— Pore water only
1
0 100 200 300 400 500
Time (days)
c U dllde aliic 0
—<o— Chloride from pore w ater only
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Summary

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

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

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

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




Future Work

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

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

Study the corrosion products of carbon steel and
stainless steel using /n-situ Raman Spectroscopy.

Model the chemical evolution of the experimental
solutions during steell corrosion.




Disclaimer

® 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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