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ABSTRACT

The long-term anaerobic corrosion rate of copper canisters in a KBS-3 repository is calculated on the
basis of sulphide-transport control. The nature of the anodic and cathodic rate-determining steps, as
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well as the controlling process for the overall corrosion reaction of copper in sulphide environments,

are considered. Evidence indicates that the assumption of sulphide-transport control is valid for the
overwhelming majority of ground water flow rates and sulphide concentrations considered in
the Swedish SR-Site safety assessment. There is no evidence that canister lifetimes calculated on

the basis of sulphide-transport control are non-conservative.
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This paper is part of a supplement on the 6th International Workshop on Long-Term Prediction of Corrosion Damage in Nuclear Waste Systems.

Introduction

The copper canister is an important component of the KBS-3
concept for the deep geological disposal of spent nuclear fuel
[1]. Because of the small quantity of oxidants and the limited
rate of mass transport in the repository, the canister is
expected to remain intact from corrosion for periods exceed-
ing 10° years with the vast majority of the canisters surviving
for periods in excess of 10° years [2]. These lifetime predic-
tions are supported by a mechanistic understanding of the
general and localised corrosion behaviour of copper under
repository conditions, as well as of processes such as stress
corrosion cracking that are not expected to occur [3].

After a brief period of aerobic conditions, the repository
environment is expected to become anaerobic and to remain
so. During this anaerobic period, which will prevail for
>99.9% of the lifetime of the canister, the repository environ-
ment will be dominated by the presence of sulphide ions (HS™)
naturally present in deep Fennoscandian Shield ground waters
[3]. In the presence of HS™, copper will corrode under anaero-
bic conditions accompanied by the evolution of H:

2Cu + HS™ + Hzo —> CU2S + H2 + OH™ (1)

The extent of general corrosion during the aerobic period,
due to the presence of O, trapped in the pores of the buffer
and backfill materials in which the canisters are emplaced
and of oxidising radiolysis products produced by the
irradiation of moist air and/or bentonite pore water immedi-
ately adjacent to the canister, is treated in the safety assessment
using mass-balance arguments [2]. Since the development of
the KBS-3 disposal concept, it has been conservatively
assumed that the rate of corrosion due to the presence of
HS™ during the anaerobic period is determined by the rate of
supply of sulphide to the canister surface through the sur-
rounding highly compacted bentonite buffer [1,2].

In separate reviews of the Swedish [4] and Canadian [5]
nuclear waste programmes, reviewers have asked for evidence

for the conditions under which Reaction (1) can be expected to
be under mass-transport control. In addition, the question has
been raised whether there are any circumstances under which
the assumption of transport control may be non-conservative.
The assumption of transport control can only be non-conser-
vative if the HS™ plays the role of a catalyst in the corrosion
process, i.e. it participates in the reaction but is not consumed.
Here, evidence is presented to confirm that the rate of cor-
rosion of the copper canisters by Reaction (1) will be under
mass-transport control for the overwhelming majority of
hydrogeological conditions possible in the repository. Elec-
trochemical data are used to define the rate of the interfacial
reactions, which are then compared with estimates of the sul-
phide flux used in the SR-Site safety assessment [1,2]. Then,
evidence is presented to demonstrate that HS™ does not act
as a catalyst in the corrosion reaction. Catalysis of the cor-
rosion reaction by sulphide could occur in one of two ways;
first, if HS™ participates in the oxidation (sulphidation) of
Cu but is not consumed (not sequestered) in the reaction
(i.e. contrary to the stoichiometry in Reaction (1), one HS™
ion leads to the oxidation of more than two Cu atoms)
and, second, if the Cu,S film catalyses the cathodic reaction
and if the overall rate of corrosion is under cathodic control
(for which there is some evidence in aerobic systems [6,7]).
The current analysis is based on existing data from the litera-
ture, and no new experimental results are presented here.

Rate-controlling process for the corrosion of
copper in sulphide environments

Kinetic versus transport control

The mechanism of the anodic interfacial reaction between
copper and HS™ at potentials close to the corrosion potential
(Ecorr) is given by [8-10]

ka
Cu + HS™ = Cu(HS)ppg + ¢~ @)

—2
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ks
Cu+ Cu(HS)pps + HST — Cu,S+Hy,S+em (3)

where ks denote the respective interfacial rate constants. The
overall anodic reaction is, therefore,

2Cu + 2HS™ — Cu,S + H,S + 2e™ (4)

where the second step is rate-controlling and the two-step
mechanism accounts for the observed Tafel slope of 40 mV
and the second-order dependence of the reaction rate on
[HS7] [8,9].

The rate of the overall reaction (expressed as a current
density is) can be limited by the kinetics of the interfacial pro-
cesses (ixinetic) OF by the rate of transport of HS™ to the surface
(itransport)- (Because Reaction (3) is the slow step, the overall
process is unlikely to be limited by the rate of transport of
the corrosion product H,S away from the surface). The rate
of the interfacial process is determined by the concentration
of reactant at the corroding surface c,. This concentration
may differ from that in the bulk ¢, because of the limited
rate of mass transport. At steady-state, the general expression
for the overall reaction rate is given by [11]

1 1 1
= +

Is ikinetic

(5)

Itransport

Thus, if the interfacial kinetics are fast, the overall reaction
rate is determined by the rate of transport, and vice versa.
Mixed-control is also possible if the rates of the kinetic and
transport processes are comparable.

The cathodic reaction involves the evolution of H,.
Although H,O is present in excess, we believe that the species
being reduced is actually HS™

2HS™ +2¢~ — H, 4 28* (6)

Work is continuing in this area, but two pieces of evidence
point in this direction. First, based on mixed-potential theory,
Ecorr lies close to the equilibrium potential for the cathodic reac-
tion if the anodic reaction is transport limited (and vice versa)
[12]. Evidence will be presented below that the anodic reaction
is transport limited at Ecogg, especially in the restrictive mass-
transport conditions in the repository. The equilibrium potential
for the H,O/H, reaction at pH 8 and 1 atm H, is —0.71 Vg at
25°C [13,14]. Under the same conditions, the equilibrium poten-
tial for Reaction (6) is —0.89 Vgcg for an assumed pK, =16
(where K, =[H"][S*"]/[HS™]) [13,14]. In comparison, the
Ecorr of Cu in the presence of HS™ is in the range —0.9
to —1.0 Vgcg, depending on the HS™ concentration and
the rate of mass transport [9,10,15]. Thus, although the
cathodic reduction of both H,O and HS™ is thermodyna-
mically possible, the observed Ecogr is closer to the equili-
brium potential for Reaction (6). Second, recently obtained
data indicate that Cu,S films grow in H,O-free HS™/glycol
solutions at approximately the same rate as in aqueous sol-
utions, consistent with the suggestion that HS™ rather than
H,O is the species being cathodically reduced.

Since the $>~ produced by Reaction (6) will readily hydro-
lyse in water, the overall corrosion reaction obtained by add-
ing Equations (4) and (6) is given by Equation (1). For a
corrosion process involving one anodic and one cathodic
reaction, the overall rate of corrosion may be either anodically
or cathodically limited, both of which may be either kineti-
cally or transport limited (or under mixed-control) (Figure
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1). At Ecorg, the rates of the anodic and cathodic processes
are equal and are equal to the rate of the slowest process,
be that the anodic or cathodic interfacial or transport steps.
Even if the rate of supply of HS™ is not the overall slowest
step, the overall rate of corrosion cannot be faster, in which
case prediction of the canister lifetime on the basis of the
rate of sulphide transport would be conservative.

Anodic kinetics

Smith and coworkers [8-10] determined the anodic kin-
etics of copper in sulphide solutions as a function of the
[HS™] and the rate of sulphide supply using a rotating
disc electrode (RDE). Using this technique, it is possible
to separate the kinetic and transport components of the
overall current density based on Equation (5) using Kou-
tecky-Levich (K-L) plots, on the basis of which the reac-
tion mechanism in Equations (2) and (3) was
determined. The K-L plots also enable the rate of the inter-
facial kinetic process to be determined, from which the fol-
lowing relationship was derived [9]

. _ 1+ a)F
ikinetic = NFK[HS ]S CXP{%E}
X expy — i(EO + aEd) (7)
RT 2 3

where E is the potential, ES and Ej are the standard
potentials for Equations (2) and (3), respectively, « is the
transfer coefficient and n is the number of electrons for
the slow electron-transfer step (Equation (3)), k=ksks/
k_,, [HS™]y is the interfacial sulphide concentration and
F, R, and T are the Faraday constant, gas constant, and
absolute temperature, respectively. Values for k (5.86 x
107> cm*/ mols), n (1), and « (0.5) can be obtained from
analysis of the K-L data given by Smith [8,9]. Values of

Cu,S
Cu,S
b}slow
—1 5 Jhs- HS
Cu== Cu(HS)aps* NN
fast |
anodic
¢ J
- HS" & HS"
Qa}thodic
0.5H, " N\ " ~H
2 iy 2
Cu,S

Figure 1. Overall reaction scheme for the corrosion of copper in sulphide sol-
utions. The two interfacial reactions involve the anodic formation of Cu,S sup-
ported by the cathodic reduction of HS™. Both anodic and cathodic reactions
may be limited by the rates of the respective interfacial (kinetic control) or
mass-transport steps (transport control), the latter denoted by the wavy lines
and the notation J for the flux of reactants or products.
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EY = —1.63Vscp and EJ = —0.28Vscp are based on the
data in Protopopoff and Marcus [16] (assuming Cu
(HS)aps has the same free energy of formation estimated
for CuSaps in Protopopoff and Marcus [16]).

Cathodic kinetics

There are no data available for the cathodic reduction of HS™
on copper. However, Sharifi-Asl and Macdonald [17] have
studied the reduction of H,O on Cu in buffered borate sol-
utions and presented kinetic data in the form of the simplified
Butler-Volmer expression

an.F
RT

icathodic = — 1o eXP(— (E — Eeq)) (8)
where a is the cathodic transfer coefficient, . is the number
of electrons, E., is the equilibrium potential, and the
exchange current density i, is a function of pH, H, pressure,
and temperature. [17]

Rate-controlling step in laboratory experiments

Evidence from the variation of Ecopp

The corrosion potential of copper in sulphide environments
has been measured in bulk stagnant solution [9,10] and in
experiments in which a 1-mm-thick layer of compacted ben-
tonite was used to separate the copper electrode form the bulk
solution [15]. Figure 2 shows the calculated current—potential
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Figure 2. Comparison of the kinetics of the anodic dissolution of copper in sul-
phide solutions with the value of Ecogz measured in separate experiments under
similar conditions. Anodic dissolution curves are based on Equation (5) and take
into account the effect of kinetic and transport contributions to the net current
density. Corrosion potential data are shown for experiments in stagnant solution
from Smith [9] and for a clay-covered electrode from King et al. [15]. For com-
parison, the current—potential curve for the cathodic reduction of H,O taken
from Sharifi-Asl and Macdonald [17] is also shown.

behaviour for the anodic dissolution reaction under the con-
ditions of these experiments, with the measured Ecogg values
superimposed on the i-E curves. The net anodic current den-
sities are based on Equation (5), with the kinetic component
calculated from Equation (7) and the transport-limited cur-
rent density given by

Itransport = nF[HS™ Jkym 9)

where ky is the steady-state mass-transfer coefficient given
by k= D/6, where D is the diffusion coefficient of HS™ and §
is the diffusion layer thickness. For stagnant solution, we esti-
mate a ky; value of approximately 10~* cm/s based on a diffu-
sion coefficient of 107> cm?/s and an assumed diffusion layer
thickness of 0.1 cm. For the 1-mm-clay-covered electrode, we
estimate a mass-transfer coefficient of 107° cm/s because of a
reduction of the effective diffusivity of HS™ by approximately
two orders of magnitude due to the porosity and tortuosity
of the network of pores in the compacted bentonite [18].
The potential-independent regions of the curve indicate trans-
port control of the anodic reaction at more-positive potentials
and/or lower [HS™], with kinetic control at more-negative
potentials indicated by the Tafel slope of 40 mV/decade con-
sistent with the reaction mechanism in Equations (2) and (3).

In stagnant solution, the nature of the rate-controlling step
for the anodic reaction under freely corroding conditions
depends on the sulphide concentration. At the lowest [HS™]
shown in Figure 2 (3.32 x 10> mol/L), the anodic reaction
is under transport control at Ecorg, as indicated by the
location of the corrosion potential in the transport-limited
region of the i-E curve. With increasing [HS™], the reaction
gradually changes to joint kinetic-transport control at inter-
mediate concentrations to complete kinetic control of the
anodic reaction at Ecorg in 1.11 x 107> mol/L sulphide sol-
ution. However, transport control of the anodic reaction
can be re-established at high [HS™] by restricting the rate of
mass transport, as in the case for the 1-mm-thick clay-cov-
ered electrode in Figure 2. Thus, the anodic reaction is
under transport control in the laboratory in stagnant sol-
utions with [HS™] of less than approximately 10~* mol/L or
in the presence of a 1-mm clay layer at [HS™] of 1.28 x
107 mol/L HS™. The flux of HS™ in the repository will be
much lower than for the experimental conditions shown in
Figure 2. For example, for a ground water sulphide concen-
tration of 1 mg/L (3 x 10> mol/L), the estimated HS™ flux
is of the order of 107'® mol/cm” s for a minimum bentonite
thickness of 35 cm. In contrast, the flux of sulphide in stag-
nant solution in the laboratory experiment for a HS™ concen-
tration of 9.90 x 10> mol/L (corresponding to the onset of
joint transport-kinetic control based on the data in Figure 2)
is of the order of 107" mol/cm” s, approximately five orders
of magnitude higher than in the repository.

Also shown in Figure 2, the cathodic current-potential
curve based on Equation (8) and the results of Sharifi-Asl
and Macdonald [17] at 20°C for pH 8 and 1 atm H, pressure.
There is generally poor agreement between the theoretical
Ecorn (as given by the intersection of the anodic and cathodic
i—E curves) and the measured values, especially for the clay-
covered electrode. This lack of agreement is consistent with
our current belief that the cathodic reaction involves electron
transfer to HS™ rather than to H,O, although further work is
required to clarify this mechanism.
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Figure 3. Comparison of the rate of sulphide consumption and the estimated
flux to the copper surface for two assumed diffusion layer thicknesses for stag-
nant solution. Initial sulphide concentration of 5 x 10~ mol/L in 0.1 mol/L NaCl.

Evidence from sulphide-depletion and Cu,S film-growth
studies

There is evidence from the data in Figure 2 for (partial) trans-
port control of the anodic reaction in stagnant solution. With
decreasing [HS™] and decreasing rate of mass transport, the
extent of transport control of the anodic reaction is expected
to increase. Two experiments were conducted to determine
the conditions under which, in bulk solution, the overall cor-
rosion reaction becomes transport limited.

First, the rate of sulphide consumption (taken to be a
measure of the rate of corrosion) was measured by monitor-
ing the time-dependent decrease in pH due to the depletion of
HS™, based on the dissociation of HS™ [19,20]

$*~ + H,0 = HS™ + OH™ (10)
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In stagnant 0.1 mol/L NaCl solution containing 5 x
107° mol/L HS™, the rate of consumption of HS™ (as deter-
mined by the rate of change of pH) was estimated to be the
same as the rate of supply of sulphide to the electrode surface
(Figure 3), as the consumption rate falls into the same region
as the calculated flux (the initial higher rate occurs under
transient diffusive conditions). This flux, estimated to be
2x107"* mol/cm*s (Figure 3), therefore represents the
sulphide flux for which the corrosion reaction is under trans-
port control.

Second, the properties and growth rate of Cu,S films
formed under freely corroding conditions were measured
as a function of the [HS™] and [CI7]. It is known that
the structure and growth rate of the Cu,S film formed in
chloride solutions depend on the [HS™], [Cl7], [CI]:
[HS™] ratio, as well as the rate of HS™ supply to the copper
surface [19]. Three different film structures are observed as
a function of the [HS™] and [Cl7] of the solution
(Figure 4):

e A porous single-layer Cu,S film formed at relatively low
[HS™] which grows at a constant rate, consistent with a
porous, non-passive surface layer (denoted P1).

e A compact single-layer Cu,S film formed at high [HS™]
that appears more protective and grows with parabolic
kinetics (denoted C).

e A porous, columnar Cu,S film formed at high [CI7]:[HS™]
ratio (denoted P2).

The range of [HS'] and [Cl7] in deep Swedish ground
waters is also shown in Figure 4. Porous PI-type films
would be expected under repository conditions, especially
since the interfacial [HS™] would be much lower at the canis-
ter surface than at the surface of the electrode in these tests in
bulk solution because of the low rate of transport of HS™
through highly compacted bentonite.
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Figure 4. Dependence of the Cu,S film structure on the sulphide and chloride concentration of the solution in which it was formed. The P1 and P2 films are porous,
and the C film is compact. The range of sulphide and chloride concentrations in deep Swedish ground waters is also shown.
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Figure 5. Comparison of the growth kinetics of P1-type and C-type Cu,S films in
0.1 mol/L NaCl solutions with various concentrations of HS™. Further experimen-
tal details are given in Chen et al. [19].

Figure 5 compares the linear-film-growth kinetics for the
porous P1-type film with the parabolic kinetics observed for
the compact C-type film. The linear kinetics for the P1 film
are consistent with a transport-limited process and can be
used to estimate the sulphide flux under transport-controlled
conditions. For a Cu,$ density of 5.6 g/cm’ [21], a molecular
mass of 159.14 g/mol, and an assumed film porosity of 0.5,
the flux of HS™ corresponding to the linear-film-growth
rate in Figure 5 is 3 +2 x 107"* mol/cm? s.

In summary, therefore, at bulk HS™ concentrations greater
than approximately 5x 10™* mol/L, the anodic reaction is
kinetically controlled. At lower [HS™] and lower rates of
mass transport, the overall corrosion reaction becomes lim-
ited by the rate of supply of HS™.

Rate-controlling step in repository environments

The flux of sulphide to the canister surface in the repository
is several orders of magnitude lower than that in the labora-
tory experiments. Figure 6 compares the flux of sulphide for
a representative sub-set of the conditions in the thousands of
deposition holes considered for SR-Site with the threshold
flux for sulphide-transport control of the corrosion reaction,
based on the sulphide-depletion and linear-film-growth
studies described above. Estimated repository fluxes are
shown for both the intact and eroded bentonite buffer scen-
arios [1,2], as well as for steady-state diffusional flux
through compacted bentonite. (The intact buffer case flux
is lower than the steady-state diffusion due to the transport
resistance of solutes going from fractures in the rock into the
bentonite.) Also shown in the figure are the estimated cor-
rosion rates for the experiments in stagnant solution in
Figure 2, expressed in terms of the corresponding flux of
sulphide.

As shown in Figure 6, the vast majority of the repository
fluxes are several orders of magnitude below the threshold
flux for sulphide-transport control. In the case of intact ben-
tonite, the difference is at least two orders of magnitude. For
the case of eroded bentonite, all repository fluxes are at least
one order of magnitude lower than the threshold sulphide
flux determined from the laboratory sulphide-depletion
experiment. Even if we take the lower threshold flux esti-
mated from the linear-film-growth study, all but a few esti-
mated repository sulphide fluxes (those for a combination
of the highest sulphide concentration and the highest ground
water fluxes from the 50,000 combinations considered) lie
below the threshold value.
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in Figure 2 is also shown (black).



Thus, there is overwhelming evidence in support of the
assumption that the corrosion rate of the canister will be
determined by the rate of supply of HS™.

Is the assumption of transport control
conservative?

Sulphide sequestration

For the assumed stoichiometry in Equation (1), corrosion
rates based on the rate of supply of HS™ will not underesti-
mate the actual rate provided that 1 mol HS™ corrodes no
more than 2 mol Cu. Chloride ions increase the solubility
of Cu(I) through the formation of cuprous-chloro complex
ions, such as CuCl, and CuCl?, and will drive the dissol-
ution reaction

Cu,S(cr) + HY = 2Cut + HS™ (11)

to the right. The solubility product for the dissolution of
Cu,S (*Kfp) is 1073492 [13]. Similarly, the stability constant

of CuCl; (89)
Cu’ +2Cl~ = CuCl; (12)

is 10°°* [13]. Combining the expressions for *Kfp and B9
gives an expression for the concentration of CuCl; in equili-
brium with Cu,S(cr) as a function of [Cl7], [HS7], and pH
BICIPCKy) 1
[HS_] 1/2

[CuCly] = (13)
The dependence of [CuCl; ] on [HS™] is shown in Figure 7 for
chloride concentrations of 0.1, 1.0, and 5 mol/L at pH 8. The
equilibrium CuCl; concentrations are exceedingly small for
the range of [Cl™] and [HS™] found in deep Swedish ground
waters (up to approximately 0.5 mol/L CI~ and 10~ mol/L
HS™) and virtually all Cu(I) will exist as precipitated Cu,S
(The results are similar if the higher cuprous-chloro com-
plexes, such as CuCl;™, are also considered.). Higher dis-
solved [CuCl;] are possible at high [CI"] and/or low
[HS™]. Lower [HS™] might exist at the base of pores in a
Cu,S film where geometrical constraints limit sulphide trans-
port into the pore. Indeed, a mechanism involving the for-
mation of dissolved CuCl;, within the pores has been
proposed to account for the P2 columnar film structure
observed on copper in sulphide solutions in high [Cl7]
shown in Figure 4 [19,20]. However, any dissolved CuCl;
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Figure 7. Concentration of CuCl; ions in equilibrium with Cu,S(cr) as a function
of sulphide concentration for various chloride concentrations at pH 8, 25°C.
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exiting the pores would be immediately precipitated as
Cu,S as it encounters the higher [HS™] in the surrounding
environment.

The irreversible sequestration of copper as Cu,S is sup-
ported by the comparison of the oxidation and corresponding
reduction charges during cyclic voltammetry in sulphide sol-
utions. The ratio of the cathodic reduction charge Qc to the
anodic oxidation charge Q, is close to one [10], indicating
that all of the oxidised copper remains on the electrode sur-
face as precipitated Cu,S and is subsequently reduced on
the cathodic cycle.

There is no evidence, therefore, that HS™ is not irreversibly
sequestered as precipitated Cu,S during the corrosion of cop-
per in sulphide environments implying that corrosion rates
estimated on the basis of sulphide-transport control are
conservative.

Catalysis of cathodic reaction by CusS film

Cuprous sulphide films are known to catalyse the oxygen
reduction reaction and can lead to accelerated corrosion
rates under aerobic conditions even when the source of
HS™ is removed [6,7]. However, such a catalytic effect, even
if it does occur under anaerobic conditions, would not inva-
lidate canister corrosion rates based on the assumption of sul-
phide-transport control.

Catalysis of the cathodic reaction would only lead to accel-
erated corrosion rates if the overall corrosion reaction was
under cathodic kinetic control. There is strong evidence, as
discussed above, that the corrosion rate is transport limited
for [HS™] less than approximately 107> to 10~* mol/L in stag-
nant solutions. Certainly, for the restrictive mass-transport
conditions and the low [HS™] in the repository, the corrosion
rate will be limited by the supply of sulphide and the catalysis
of the cathodic reaction would have no impact.

Therefore, we conclude that the catalytic effect of Cu,S
films on the cathodic reaction in aerobic systems will not
lead to accelerated corrosion under anaerobic conditions in
the repository.

Conclusions

An analysis has been conducted of the rate-controlling pro-
cesses for the anodic, cathodic, and overall corrosion reac-
tions for copper in sulphide environments. At bulk HS™
concentrations greater than approximately 5x 10~* mol/L,
the anodic reaction is kinetically controlled. At lower [HS™]
and lower rates of mass transport, the overall corrosion reac-
tion becomes limited by the rate of supply of HS™, most likely
because the anodic reaction becomes transport limited. In
laboratory experiments in bulk solution, there is evidence
that the corrosion rate is limited by the rate of supply of sul-
phide for HS™ fluxes below 3 x 107'* to 2 x 107"? mol/cm?s.
In the SR-Site safety assessment, all calculation cases where
the bentonite buffer is assumed to be intact demonstrate con-
siderable margins to penetration due to sulphide corrosion
after one million years, i.e. the sulphide fluxes are consider-
ably lower than 10™'* mol/cm? s. For the case where the buf-
fer is lost due to erosion, the overwhelming majority of
combinations of ground water flow rates at deposition holes
and sulphide concentrations also give sulphide fluxes below
10~"* mol/cm® s. When pessimistically combining the high-
est sulphide concentrations with the highest ground water
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fluxes from the hydrogeological modelling, sulphide fluxes
around 2 x 10™"? mol/cm” s are estimated. These highly unli-
kely fluxes are within the range of critical sulphide fluxes esti-
mated above. However, for intact bentonite and for the
majority of cases for the eroded bentonite, the expected
HS™ flux in the repository is several orders of magnitude
lower than the threshold flux and the corrosion rate of the
canister will be determined by the rate of supply of sulphide.

There is no evidence to indicate that the assumption of a
transport-limited corrosion rate is non-conservative. All evi-
dence suggest that sulphide is irreversibly sequestered in the
form of precipitated Cu,S, with one mole of HS™ leading to
the corrosion of 2 moles of copper. Furthermore, catalysis
of the cathodic reaction by a Cu,S film, as can occur in
aerobic systems, would not lead to accelerated corrosion of
the canister under the long-term anaerobic conditions in
the repository.
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