N

N

Corrosion in nuclear waste geological storages how to
predict corrosion for millenniums ?
D. Feron

» To cite this version:

D. Feron. Corrosion in nuclear waste geological storages how to predict corrosion for millenniums ?.
Cycle de conferences donnees sur invitation de 'IMR CAS, Nov 2016, Shenyang, China. cea-02437059

HAL Id: cea-02437059
https://cea.hal.science/cea-02437059
Submitted on 13 Jan 2020

HAL is a multi-disciplinary open access L’archive ouverte pluridisciplinaire HAL, est
archive for the deposit and dissemination of sci- destinée au dépot et a la diffusion de documents
entific research documents, whether they are pub- scientifiques de niveau recherche, publiés ou non,
lished or not. The documents may come from émanant des établissements d’enseignement et de
teaching and research institutions in France or recherche francais ou étrangers, des laboratoires
abroad, or from public or private research centers. publics ou privés.


https://cea.hal.science/cea-02437059
https://hal.archives-ouvertes.fr

CORROSION IN NUCLEAR
WASTE GEOLOGICAL
RN S ORAGES: HOW TO PREDICT

@272Ye =/l corrOSION OVER

MILLENNIUMS?

Institut of Metal Research, Chinese Academy of Sciences
Shenyang
November 15, 2016

Damien Féron
Service de la corrosion et du comportement des matériaux dans leur environnement
Commissariat a I'énergie atomique et aux énergies alternatives
French atomic energy and alternatives energies Commission
Saclay, France

Content

Overviews of nuclear waste disposal in France

How to predict corrosion over millennia?
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BACKGROUND

NUCLEAR WASTE MANAGEMENT

OVERVIEWS

NUCLEAR WASTE

VITRIFIED WASTE CONTAINERS

Tllustration of
planned container
for vitrified High
Level Radioactive
Waste for long
term interim
storage and clay
disposal

Standard container for vitrified waste (CSD-V)

D. Féron

_ 6 Stainless steel canisters on two levels

— 3 Carbon steel spacers

The containers are made of
six stainless steel canisters
containing the vitrified
waste and placed into an
overpack made of cast iron,
with carbon steel spacers

© CEA ~
~ Cast iron overpack
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OVERVIEWS

UNDERGROUND DISPOSAL

Biosphere

% Two main environments
regarding geological disposals

and
% French geological disposal concepts: ,
saturated clay environment Wasle glass. |
canister and .
overpack

Buffer material-1~

Transport vehicle

% All concepts of
geological disposals are

based on a
Carriage with locking
| unlocking device sys‘l’em
Spacer (iner)
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OVERVIEWS

UNDERGROUND DISPOSAL

*1991: The French government
decided to plan research for nuclear
waste management

+2006: Choice of a clay environment
for deep geological experimental
laboratory

+2016: Licensing authorization (start
of the process)

op: T4em

CRLASTEOSRIIIA
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OVERVIEWS

UNDERGROUND DISPOSAL

% 3 periods: unsaturated and aerated conditions (over decades-
exploitation phase), mixed period (over decades), and saturated & anoxic
period (over milleniums)

L The corrosion resistance of the container material over centuries (long
term interim storages) and millenniums (geological waste disposal) is one of
the greatest scientific and technical challenges

% The reliability and the viability of integrity predictions in HLNW
storages and disposals are of paramount importance for public acceptance
O Local Committees
O National Commissions
O International organisations OCDE/NEA, TAEA
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OVERVIEWS

UNDERGROUND DISPOSAL

Radiolysis effect 10 gy ippipicpigiopensi
: , : z i ]
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Overpack thickness ( mm )

% Is function of the container thickness
% With corrosion allowance materials (copper or carbon steel), the
overparck will be quite thick
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UNDERGROUND REPOSITIRY

HOW TO PREDICT CORROSION FOR
MILLENNIA ?

LONG TERM CORROSION

How to predict corrosion over millennia ?

Tests &
Analyses

- data for conception
-Identification of possible
mechanisms

Analogues

- Validation of time scale
-Mechanisms

- Communication

- Technology
- Science

D. Féron

Modeling &
Simulation

- Validation of mechanisms
- Long term extrapolation

Journal of
Nuclear Materials

=i

Tt

“Integrated”
experiments

-Coupling
-Interactions
-In-situ

Shared and accepted approaches
Workshops
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UNDERGROUND REPOSITIRY

HOW TO PREDICT CORROSION FOR
MILLENNIA ?

LABORATORY TESTS & ANALYSIS

- passive alloys are not the first choice in
France

- carbon steels data

LONG TERM CORROSION

LABORATORY TESTS

Long term behaviour of passive Ni alloys
Anodic segregation of sulphur at the alloy interface

Ni** NiZt Ni**
' 1‘ T t f 1 t selective S adsorbed NisS,
— aissolution | {1 1111 RERRRE
L] . [ ] . . Of ‘\'ickel " pr— TR =
. " - - - -
LI . ™ —— ., L] .
e * - - - e L]
. . ® Sulfur . .
hd ; . ® . o« e 4 ®
7 segregation
S in solid on the surface
solution Blocking effect by Sulfur of the 15’ ulfurt:enrlcll'lment.
adsorption sites for OH'. Inhibition of orma '1011 0% a non-
the passive film formation. protective Sulfide film.
P. Marcus & Co., Corrosion Science 24(1984)259, 29(1989)455, 31 (1990) 377
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LONG TERM CORROSION

LABORATORY TESTS

Anodic segregation of sulphur at the Ni alloy/passive film
interface leading to passivity breakdown

-\ lll-l-
t 4 sulfur accumu- } 4
lation at the ’
PASSIVE FILM sictalioxide PASSIVE FILM break-
e eos . : ==+ downof
« * interface . 8ie o @ the
oM e o - i O 0 ol —
. « * ® o, 1
e . b . . .
. dissolution of . passive
. . ® . L ]
AL the metal . . e 4| film
/ through the
S in the bulk passive film
INDUCTION TIME

- (@m:erf ?!F)f’f(fMS) @interf. :M TI_ dr.

5, max HF 0

With 5 ppm of S in the alloy, and a passive courant of 1 nA.cm-2 (0.01 ym/an)
7 is predicted to be ~900 years

Suppl. P. Marcus & Co., Corrosion Science 24(1984)259, 29(1989)455, 31 (1990) 377
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LONG TERM CORROSION

LABORATORY TESTS

Evaluation of uniform corrosion rates of carbon steel
under anaerobic conditions at 80°C-85°C with various
water chemistries

e @ #[Acleg] UKAEA

& #[Aclea] CEN

5 15 0 [0feg] Nagra

§ || ®[Ac/eg] Nagra

2 0lle % [Oleg] NC

g o [0fem] JNC

s #[Acled] JNC

§ h o m[Ac/em] JNC

¢ o - A [Ac/CI+HCO3] JNC
> 0 . . : . o[Acleg] CEA

Durée (années)

G : gramite ; Ac : argile compacte ; 0 : immersion
ed : eau distillée ; eg - eau granitique ; em : eau de mer ; ea : eau argileuse
Carbon steel (microg raphy) in From J.M. Gras, Référentiel Matériaux, ANDRA, 2005

clay environment
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D. Féron

LONG TERM CORROSION

LABORATORY TESTS

CEA results, Référentiel Matériaux, ANDRA, 2005

P = Pitting factor = D/X
D = maximum pit depth at t
X = Mean uniform corrosion depth at t

page 15
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UNDERGROUND REPOSITIRY

HOW TO PREDICT CORROSION FOR

MILLENNIA ?

MODELLING




LONG TERM CORROSION

MODELLING

> Empiricism (semi-empirical models)
v (Semi-)empirical modelling is based on experimental
data or service life data
v It is used for obtaining initial estimates
v It has the disadvantage of having to know the
answer "“in advance”
> Determinism (mechanistically based models)
v it is based on physics, requires viable physical model
v the greatest challenge is to decide what processes
should be included
v continuously improved via the knowledge evolution
» Stochastic taking into account the stochastic nature of corrosion
phenomena

archaeological analogues

D. Féron page 17 Berkeley April 2015

LONG TERM CORROSION

MODELLING -1

First calculations in clay environment: diffusion of water

1,0E+05
Flux d'eau dans BO

de 30cm ou Im

1.0E+04 &

1,0E+03
lux d'eau a proximité

du conteneur

1,0E+02 ]
/@ue de corrosion maximale
1,0E+01 / /

1,0E+00 HHHH—— + e
1505 1E-04 1E-02 1E01 1E+00 1E+01 1Ef02
' . 2
1 0BT [ E Flux d'eau (l/m‘/an)

10802 ///’ 14 3mm de métal i

consommé
en 1000 ans

- I..Flux d'eau entiérement
10803 ¢~ consommé par le métal
3Fe +4H,0 = Fe,0, + 4H,

Vitesse de corrosion maximale (pmfan)

R
2

From D. Cr‘usse1’,l Référentiel Ma‘ré'r'iaa;:-jﬁzlgﬁx "2005

Uniform corrosion rate of carbon steel in clay (anaerobic
conditions) limited by the water flux or by the interface reaction
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LONG TERM CORROSION

MODELLING - 2

Thermodynamics / Critical crevice potential

Below Ecc, crevice corrosion does not occurs
v Thermodynamic (absolute) value ?

Vere | Vsce v Data depending on test device ?
b 1
1 \\"pittinginitiation - ..
[ Conditions inside and
_ sting ropagation” | o outside pits of carbon
0 -Ze\neral corrosion outside pits steels with the
s “=[Eprt protection potential
. - ~|.perfect passivation: no propagation .
| hvdrogen evolution 4 range and the domain
-1 N for perfect passivation
] immunity |
| i From A. Pourbaix., Cadarache
Workshop 2001
0 7 14 pH
D. Féron page 19 Berkeley April 2015

LONG TERM CORROSION

MODELLING -3

P = Pitting factor = D/X
D = maximum pit depth at t

X = /Meaﬂ Uﬂ/'fO/"m COFFOS/bﬂ depf'h af' 7" @ :Datain various soils (surface area: 182, 364 cmz)
{ :Results in carbonatelchloride solutions
{analyzed as the surface area, 182 em?)
100 = P = 475X"0s7 3 O Results in carbonate/chloride solutions
0 ® MX80 10 {analyzed as the surface area, 364 cm?)
4 A42Tournemire
O CEN Mol o Data in various soils
100 ® CEA désaéré o - s (Romanoff, 1989}
P W Eimpose s LT ; 47 kinds of soils
« 10 - h 1-18 years
10 > E Aot 1350 data
'ﬁ o
& % 7 JNC
1 10' | 3 results
[} L A
0,1 - 0 I
0,01 0,1 T om0 100 100 10
: 0 10°% 10 10% 102 107 10" 10" 10%
From F. Foct, Référentiel Matériaux, ANDRA, 2005 Average corrosion depth (mm)

P = Pitting factor
(max. pitting depth / mean corrosion depth)
X = Mean uniform corrosion depth

D. Féron page 20 Berkeley April 2015




...................... LONG TERM CORROSION

MODELLING -4

The Point Defect Model is applied and describes:

v the evolution of oxide films on carbon steel in clay and
concrete environments

v the growth and breakdown of passive films of high
alloyed materials in saturated brine

Media/clay Barrier layer Metal
. Couche de
outside transformed o e
Cationic Metal iy
transport oxidation I
e
|
Electron Electrons 22 |
: transport injection !
‘ Oxidant Transport | |
I
H [ ] e |
1 5 PG | I
: |
Chemistry |
Thermal/ e :
Hydraullf:s/ prionic Oxido growth - e 3
Mechanics By P
From C. Bataillon & al,, Référentiel Matériaux, ANDRA, 2005
D. Féron page 21 Berkeley April 2015

LONG TERM CORROSION

solution Ounide |ayer Iran
Farric reioase J Iron axidation
Fel +[ ] [ o Fe'l+ e, T_.L Fe+[] In situ experiments
Ferrous reloase (Mont Terri and Bure
derground
Fe?, e = o P Eleciron exchange un
b e B J =i, abggatories,
-, Coe |~ Ore | nlk )
iH; | H™ +|ey
proton redueton

Orygen exchange J Owide Hos! Latlice growlh
ot
2H" + O —“",t HO + Vg e (475 Fe, 0, |+ 30, o Fe+ 40F
[

Oxide Host Lattice dissolution|

n"
Fe¥, + 4H,0 a_f-' 8H" + [Fe,0,]

d

Arcorr experiments

X0 X

Fig. 3. Flow chart for electrons, octahedral cations and oxygen vacancies
Kroger-Vink notation is used. | Jo corresponds to a free octahedral site,

C. Bataillon & al. , Elect. Acta 55 (2010) 4451-4467

m Corrosion modeling based on Fick and Poisson equations with moving interfaces
(Diffusion Poisson Coupling Model - DPCM)
B Electrochemical experiments for data acquisition and verification
B Coupling with geochemical models
mClay and concrete
| PAGE 22
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LONG TERM CORROSION

MODELLING - 4

Corrosion modeling of an iron based alloy in passive conditions
Example of obtained results

TAEDT | =1 manth B
GIETY —©—1 year o
S5E03 4| =0—10 years P

S0E0) =100 years %
4VEDY =+=1000 years
e ===~ steady state

0.8

0.8

time /h
abl

0.4

g
-
Thickness (nm)

0.2-|

ol

L 1 L L L 1 '
2E-08 4E-09
x/m

Fig. 36. Evolution of the location of the outer and inner interfaces with time for o e

V=0.05 V/SHE. The concentration of oxygen vacancies is indicated by the color on 10 === = i 4 -

the right band. (For interpretation of the references to color in this figure legend, 7 8 9 10 1" 12
the reader is referred to the web version of the article.) pH

C. Bataillon & al. , Elect. Acta 55 (2010) 4451-4467 C. Bataillon & al. , J. Comput. Physics 231 (2012) 6213-6231
This model is under implantation in the nuclear waste simulations codes

| PAGE 23
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LONG TERM CORROSION

MODELLING -5

Use of cellular automata to model corrosion phenomena
Same description / difference: statistic of occurring events

T+ 11000 T : 17000

T : 63000 T : 70000

enmnaiiions.,

~ metal inclusion

X
— quartz grains

e §
S metal in oxide

Localised corrosion
A=0.3and € =0.005

—a— metal matrix

Stress corrosion cracking Evolution of the interface

(@) A=0.99and e =0.01, morphology (metal inclusions)
(b) A =0.978 and € = 0.001. A=0.70and £ =0.30

D. di Caprio & al., Corrosion
Science 53 (2011) 418-425
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UNDERGROUND REPOSITIRY

HOW TO PREDICT CORROSION FOR
MILLENNIA ?

ARCHEOLOGICAL ARTIFACTS/
ANALOGUES
- corrosion rates
- influence of the environment
- influence of the metal
- corrosion mechanisms
- modeling validation

LONG TERM CORROSION

ARCHEOLOGICAL ARTIFACTS

> Use of archaeological analogues
v to demonstrate

> Sufficient care has to be taken

v differences between old and new materials
v poor knowledge of exposure conditions

» Illustrations:
v Corrosion rates (but take care!)
v Importance of the corrosion product layer (and
not only the corrosion rate)

Roman nail found at the
Adrian Wall (1900 years
old, 35 cm long), from
Miller W &Co. 1994
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LONG TERM CORROSION

ARCHEOLOGICAL ANALOGUES -1

A value of 10pm/y used for
lifetime assessment by JNC[1] .

Evaluation of long term

evolution of the average igh

. = Natural analogue data on
corrosion depTh of 5-, archaeologlcal Iron relic [21]
carbon steel in contact £ 10
. . 3
with ber}'ronn‘e .uf\der' : This study
anaerobic conditions g 10° '-
. E
based on experimental 3
. 10
data and a comparison F
. . . LY
WI'I'h I|.fe.hme assessment 2 10° § -Range of extrapolated line
and with natural analogue fitted for experimental data
d ata 1058 In this study
104 10° 10t 102 10° 10
Time (years)
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LONG TERM CORROSION

ARCHEOLOGICAL ANALOGUES -1

Corrosion rates

100 1 HE
¥ | |
100 i P 3 !
S ). . =2 g 10mm / 1000ans !
= 1. “11 I bl [ 11 [
£ | 18 ; ;
LRI NI e ey ]|
s | | M [ 1 11 [“““’“I eu]
8 o1t ilg i TIITI Joli | |
5 | 11 i 0.1mm / 1000ans | limomangile :
O | I ] = i +Hannins
L] i e
2001 £ 13 || gz
81 =
g |§ & | By
0001 § 55| Jeoumn s | g | 5 5
2 = Environncment non décrit (Tombes Egypticnnes) ! a8
5 3 (Egypte) : . &
0.000L2 | ° { i
: : UK (Roman
From David, Cadarache w., 2001 SWOF‘dS, kmfes' scissors, from per‘iod)

D. Féron

Ancient Egypt
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LONG TERM CORROSION

ARCHEOLOGICAL ANALOGUES -1

Environments

- i
- L s
b I I
1 ]:)] H-‘II{ s -lII I 1_[ ll nmiensICam. 1l'[]'II I-IHII‘I ”II[[
ms ]m II 1111 ‘Hlﬂl - HIII ‘] [‘Ilmﬂ ] [T
o f
IR A
L-%:
ot ' § 7
g Locations

Mean corrosion rates observed on artifacts exposed more than a century in
various environments (from P. Dillmann)

D. Féron
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LONG TERM CORROSION

ARCHEOLOGICAL ANALOGUES -2

Influence of the
local environment:
highest corrosion
rates for objects
close to the surface

ay * .
° o Top view
@
@
=] ‘.o.‘ o .
® @ °
L] @
Q ’ Y ® (; e Corrosion depth (mm)
Py W >175
o %..' T W 15 w175
N [] 125015
e e []1 w12s
* e _ ° ° Eorees Nydam Mose site
o — oot (Denmark), from H.
Matthiesen & al., 114-127,
®) Prosent day surface 2 international workshop,
Mi..\....\...\....\...\....\...\....\... Nice 2004 — proceedings
290 Suﬂauea!:&OAD_WVmﬁagmmmd stakes _ _ edited by Andl"a
20l — ——) o a® %m;
250 - , * ‘ o o
240 Gytja \“s e %’ gw. ® @
S P o -
230 “\‘ﬁﬁ<¥_>.. .__4)// -7
e * Section view

» Without oxygen, corrosion rates are lower than 10 um/year (and often

lower than 1pu

m/year)

» In aerated conditions, large variations of the corrosion rates are
observed (from few um to several hundreds pm)

D. Féron
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LONG TERM CORROSION

ARCHEOLOGICAL ANALOGUES - 3

Monnier J. & al. Anal. At.

Spectrom., 2011, 26, 885
P ML STEEL Delhi iron pillar from R.

Balasubramaniam & al.

in EFC 36, published by Maney
(2002), pp 261-280 (1rst
workshop)

& Corrosion science, 42, 2000,
2103-20129

WEATHERING STEEL

2= Deogarh

= oL~ FeOOH
- FeDOH

L
Amiens

Amorphous B - FQO'DH-I;JYEr‘-
_— —_—

Z.

iron hydrogen phosphate
hydrate
(FePOy, + HaPOy, -4H,0)

Metal + P/~

i

Importance of the metallurgy (minor elements)
Role of phosphorous found on the votive columns of India
from the 6th century and on other artifacts

D. Féron page 31 Berkeley April 2015

LONG TERM CORROSION

ARCHEOLOGICAL ANALOGUES -4

Mechanisms

Localization of the cathodic reaction in aerated conditions
(oxygen reduction) : use of tracers 80 et 2H

2" possibility e .
~-—"  O,Reduction

150, + H,0 + 26" = 20H"

M\/\ Iron oxidation

Fe —» Fe?" + 2e
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LONG TERM CORROSION

ARCHEOLOGICAL ANALOGUES - 4

Corrosion mechanisms: localization of the cathodic reaction

Use of 180, during reexposure of the specimen to atmospheric corrosion

Rutherford backscattering spectroscopy (RBS) and nuclear reaction analysis (NRA)

Isolating layer (goethite): reaction

at the interface metal/oxide . ,
Conductive oxide layer:
external interface

E. Burger & al. , J. Mater. Res., Vol. 26, No. 24, Dec 28, 2011
D. Féron page 33 Berkeley April 2015

LONG TERM CORROSION

ARCHEOLOGICAL ANALOGUES - 4

Localization of the cathodic reaction in anoxic conditions

Use of D,0O during re-exposure of an artefact from the Glinet site to aqueous corrosion

Rutherford backscattering spectroscopy (RBS) and nuclear reaction analysis (NRA)

Optical
Microphotograph Iren (PIXE) Deuterium (NRA)
r .

¥

METAL CORROSION LAYER ELECTROLYTE
Fe  FeCO, — Fe,(OH),CO, H,CO,
|

g

B

e ——— 7 Non perous Products of the cathodic reaction
Deu-rer-ium in fhe oxide quer- near hahometrie layer Products of the anodic reaction
the interface metal/oxide M. Saheb & al., JNM, 423 (2012) 61-66

D. Féron page 34 Berkeley April 2015




LONG TERM CORROSION

ARCHEOLOGICAL ANALOGUES -5

Equivalent thicknesses of the different phases
obtained from the fit of the extracted spectra.

80 7 -

709 = »-" ol
- ——mgp o
E 01
2
g 50 - o
z - & - Siderite
E 40 o el )
E L T Y ) ‘. e Chukanovite
2 30 - - -
2 .. —#— Maghemite
320 ..
= &-w-ﬁ—-:__.'_—.'__.-' = =% = sum

10 .---" Te—e

[=]

0 50 100 150 200 250 300
Distance from the interfacial layer (nm)

From A. Michelin & al., JAAS, 2012

Support for modelling

» Corrosion products of a 450 year old archaeological iron nail in anoxic
environment were investigated at the nanometer level using STXM

> Interfacial layer of about 100 nm at the interface metal/oxide

» Support the hypothesis of a nanolayer controlling the corrosion process
(Point Defect Model and associated models)
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LONG TERM CORROSION

ARCHEOLOGICAL ANALOGUES - 6

In many archeological sites, SRBs are found and/or corrosion
products with S are observed in the corrosion product layer

Observations of a 16 century Roman ingot (2000 years old)
nail in anoxic conditions ay ;

Nutrients / S0, Soil

inclusion
B-Fea(OH)CI
+Fe,C lamella

CaCD; / 5i0:

[ron nail

C. Rémazeilles et al. , Corrosion Science 51 (2009) 2932—-2941
7 Schematic representation of influence of SRB on corro-
sion system formed by archaeological nails in anoxic soils
(TM, transformed medium; DPL, dense products layer)

C. Remazeilles & al., CEST, 2010 VOL 45 NO 5, 388-394

Even with SRBs, low corrosion rates are observed
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LONG TERM CORROSION

ARCHEOLOGICAL ANALOGUES - 6

(Nydam site in Denmark - anoxic conditions with
sulphides)

Xray source

H. Matthiesen, Proceedings of the Second International workshop,
Nice, 2004 - published by ANDRA (ISBN 2-95101108-6-9, p.114 a) b)
Measurements on 151 lances have demonstra-
S phat:::]g 50,0 i‘f{? ;3; 6:'2510 G'i'é i{:} 2'?54 ;g? ted corrosion depths as low as 50 pm {average
- of 20 measurements on a lance). With 1700
Sulphide (mg S(-ll)/L) | <0.03 222 0.18 012t00.23 116 years of age this conesponds to an average

comosion rate of 0.03 pmy/year (or even lower,

Even with sulphur environments and bacteria,
very low corrosion rates

D. Féron page 37 Berkeley April 2015

UNDERGROUND REPOSITIRY

HOW TO PREDICT CORROSION FOR
MILLENNIA ?

INTEGRATED EXPERIMENTS




LONG TERM CORROSION

INTEGRATED EXPERIMENTS

Six years in
bentonite

Ty | . L
Nothing on stainless steels & titanium alloys

0.1 ym/year on mild steels
0.7-0.8 pym/year on copper alloys

But on one sensor ...

Fig. 4 Sowsow i block of bentomite

V. Madina & Co., Corrosion of several components of the /n situtest performed in a deep geological granite disposal site, Proceedings of
the Second International workshop, Nice, 2004 - published by ANDRA (ISBN 2-95101108-6-9, p.61)
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LONG TERM CORROSION

INTEGRATED EXPERIMENTS

Ceaden

,'b’lml-llmlh T X100 M4aize

Fig. 7 Trutnsvorsal soction of sensor

=
S —— c.Lu/g count of sample
: Benfonite ref “Sensors™  Bentonite ref. “coupons™
Anserobic bacena 1] 0
Aerobic bace fa 473210 (") 0
& Sulphate-edudng bacera (SRE) 37700 0
s Iron-coddizing bacteria ] 0
™ u Sulphur-ceicizing bacteria 0 0
A Sa Al s . g "o = i e by ey et
1 3 i 4 [ ] [] . . . .
\ s macnrsemmam = | Following the authors, this corrosion mainly due to

Fg. & EDS gpecirusm of covromos prodects on smsor

water ingress & SRB

In addition, simultaneous presence of SRB and aerobic bacteria leads to
the worse conditions for passive alloys, as seen for seawater applications

V. Madina & Co., Corrosion of several components of the /n situtest performed in a deep geological granite disposal site, Proceedings of
the Second International workshop, Nice, 2004 - published by ANDRA (ISBN 2-95101108-6-9), p.61
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CORROSION

AND

THE FRENCH CONCEPT OF THE
UNDERGROUND DISPOSAL FOR HIGH
RADIOACTIVE NUCLEAR WASTES

FINAL COMMENTS

LONG TERM CORROSION

FINAL COMMENTS

Life time prediction over millenna

Experimentation Simulation
& analysis

- Validation of mechanisms
- Preliminary data - Extrapolation to long term
for design

-Identification of

possible mechanisms

Historical &
archaeological artifacts

-Validation of time constants
- Validation of mechanisms
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Antagonistic roles of chromium and sulphur on passivation

OH- OH- S OH™ S (oY RismErz0)Er0)

Cr Cr Ni Cr N Cr Cr Cr Cr
1 2

Cr (OH)3+Ni(OH),
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Chromium strongly counteracts the detrimental effect of sulphur
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Pourbaix diagram for Iron
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Ceaden

CELLULAR AUTOMATA

Bases of the modeling: probabilities of reactions
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1 Simple scheme of forming layer with clusters and solu-
tion representation of reactions (1) and (2)

initial position of the corrosion front

Region 1
Chyp=h, ) Oy = h) < &

Probability p'=pe
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Region 2
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1 Probabiliy p'=p(l-g)
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2 Definition of .. and & i defines extension of top region
where probability of corrosion is pe; in remaining bot-
tom area, probability of corrosion is p(1-¢z)
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