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THE DISPOSAL VAULT ENVIRONMENT

NATURAL CONDffiONS

GROUNDWATER CHEMISTRY

Cl" 5000· to 50000 ppm
pH 6 to 9

REDOX OXYGEN FREE - MILDLY REDUCING

INDUCED CHANGES·

BENTONITE BUFFER - 1 TO 3 l.\1PA SWELLING PRESSURE
- DIFFUSIVE MASS TRANSPORT
- ENTRAPPED 0 IN PORES2·

DECAY HEAT - T = 80, - lOOOC AT 100 YR
-:- 40 - 700C AT > 1000 YR

GAMMA RADIATION - PRODUC"TION OF RADICAL AND
MOLECULAR OXIDANTS AND
·REDUCfANTS « SOO YR)
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Table 1. General characteristics of candidate
materials for nuclear waste containers
eorro.Ion.1IIIow8I1C8
mabIrI.h

Thermodynamically
unstable in water and/or
oxygenated water.

Possess measurable
rates of general
corrosion in warm saline
vault environments.

Inability to fonn
protective oxide films
reduces their
susceptibility to
localized corrosion
processes.

A thick~walled

container may be
required.

DeveloPment of a
model to predict .
container failure times
relatively simple.

Use of cheap materials
possible.

Examp!es
Irons, carbon steels,
copper and copper
alloys

ConDeIon·,. III."
.......1'•.

Thermodynamically
unstable in water but
protected from
corrosion by the
presence of a protective
oxide.·

. General corrosion rates.
negligible in warm
saIin8 vault
environments.

May be susceptible to
localized corrosion
processes (e.g., pitting.
crevice corrosion.
Sbass-corrosion
cracking).

A thin-walled container
may suffice.

Development of a
model to Predict
container failure tmes
cfJfficult.

MateriaJs inevitably
expensive, but less
material required.

EampIes
Stainless steels,
nlckeI-based alloys,
titanium alloys

.L- .....J





Categories of Materials Studied

• Iron and Carbon Steels

• Copper and ~opper Alloys

• Stainless Steels

• Nickel-Based Alloys

• Titanium Alloys



Iron and Carbon Steels

Unifonn Corrosion

Rates (80°C to 100°C)
- 2 to 30 IJm oa-1

Model Predictions (Marsh)
- 15 to 97 IJm oa-1

Pitting
- could occur in initially oxidizing vault
m estimates vary widely (202 mm to 160 mm)

Stress Corrosion Cracking
- avoidable with stress-relief heat treatments

Microbial Corrosion
- likely, but nutrient limited

Hydrogen Production
- will occur under anoxic conditions
- consequences difficult to evaluate

\



COlmer and COlmer Alloy!!
(Canada, Sweden)

Unifonn Corrosion

Susceptible to corrosion underaqueous oxidizing conditions but
stable in non-oxidizing aqueous environments providing
sulphide is absent

1. Rates

High in aerated environments
(200 decreasing to 15 l"nn·a-1)

2. Mechanism

Detailed mechanism, well defined

Corrosion rate is detennined by the adsorption!
Transport properties of the compacted clay

Oxidant can be oxygen or sulphide

- Analog support - bronze cannon buried in Baltic Sea
sediment (310 a) and Swedish copper lightning
conductors buried in soil (60 - 80 a)

3. Pitting

Generally not observed under vault conditons

Conditions for which pitting is possible (coexistence of
Cui, Cu" solids in the presence of oxygen) will initially
exist



4. Microbially Induced Corrosion

Not expected to be significant when radiation fields
are high

Sulphides, produced by the action of SRBs at a
distance from the COntainer could eventually be
transported to the r-<;>ntainer surface and enhance
corrosion by making Cu reactive to water

5. Modelling

A model based on uniform corrosion and an extreme
value statistical analysis of pitting data, for
permanently oxidizing conditions predicted container
lifetimes of 31 000 a to 106 years (container wall
thickness 25 mm)

more realistic models based on deaerated conditions
with and without sulphide corrosion indicate lifetimes
> 106 years



Natural Analogues for CO/J.Pel
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STAINLESS STEELS

Likely to be susceptible to localized corrosion processes

such as pitting, crevice corrosion and SCC in the initially

oxidizing saline environment expected in a Canadian vault



NICKEL ALLOYS

Materials Selection

• Good phase stability, materials can be designed for
specific environments

• Hastelloys C4, C276 and Inconel 625 most studied

Unifonn Corrosion

• Rates« 1J,lm·a-1 for
at T < 100°C

Localized Corrosion

aerated and deaerated conditions

• Not susceptible to pitting or crevice corrosion
below -100° under vault conditions

• Tests on susceptibility to crevice corrosion and
SCC were inconclusive

Influence of Radiation

• Susceptibility to pitting increased significantly in
the presence of gamma radiation (102_103 Gy·h-1

).

This Is particularly evident in highly saline brines.



TITANIUM AND TITANIUM ALLOYS

Ti-2 (comme;-cially pure)

Ti-12 (0.8 Ni 0.3 Mo)

Ti-7 (0.2 Pd)

Ti-16 . (0.05 Pd)

Unifonn Corrosion

• Insignificant (<<0.1 IJm'a-1)

Localized Corrosion

,

• Not susceptible to sec, MIC or-pitting but could be susceptible to

hydrogen induced cracking (HIC) under oxidizing saline vault

,conditions

• Resistance to crevice corrosion and the accompanying

susceptibility to HIC increases in the order

Ti-2 < Ti-12 « Ti-7, Ti-16

The last two alloys appear immune

• Radiation suppresses crevice propagation and induces

repassivation

• Lifetimes of >105 years achievable for Ti-12, Ti-16



Titanium is a passive material protected by a strongly
adherent, chemically inert passive film.
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1. General corrosion rates extremely slow

. 2. Not susceptible to many ~odes of corrosion under
anticipated vault conditions including
• pitting
• stress corrosion cracking
• microbially induced corrosion

3. May be susceptible to
• crevice corrosion
• hydrogen Induced cracking


	 ------  Continued
	Carbon 14 release
	Stable Xe release
	Chlorine 36 In Used Fuel
	Chlorine 36 release vs burnup
	Chlorine 36 release vs power rating
	Disposal Vault Environment
	Uranium Solubility
	Uranium Dissolution Rate
	Corrosion Potential
	Redox Chemistry of UO2
	Radiation Dose Rate vs Time
	Predicted UO2 Dissolution Rates
	Thin-layer Alpha Radiolysis Cell
	Corrosion Potential of UO2
	UO2 dissolution
	Oxidative Dissolution
	Disposal Containers
	Factors Influencing Container Performance
	Analysis of Container Failure
	Range of temperature & Groundwater Chloride Concentration
	Expected Vault Environment vs Time
	Radiation Field Dependence on Container Design
	Gamma Dose Rate in Proximity to Container
	Gamma Dose Rate at Container Surface
	General Characteristics of Candidate Container Materials
	Corrosion Potential of Container Materials
	Catergories of Materials Studied
	Iron and Carbon Steels
	Copper and Copper Alloys
	Natural Analogues for Copper
	Stainless Steels
	Nickel Alloys
	Titanium and Titanium Alloys

