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I. Derived empirical equation of repassivation potential
shown graphically as a function of both temperature and
chloride concentration.

Figure 2. Derived empirical equation of pitting potential shown
graphically as a function of both temperature and chloride
concentration.
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MODEL DEVELOPMENT
The repassivation and pitting potential is assumed to

depend only on the chloride concentration and temperature.
Therefore an experimental matrix was developed to measure
both 

E,.r,  Repassivation Potential
T Temperature 

Eri, Pitting Potential
E,,, Corrosion Potential
Cl- Chloride

Epit localized corrosion is
assumed to be taking place.

NOMENCLATURE

E,,, is above the calculated 
Epit,  localized corrosion is possible and if the

calculated 

En, hut below the
calculated 

E,,, is above the calculated 

E,,, is below
the calculated E,, localized corrosion would not be predicted.
If the calculated 

), this can be used as a conservative approach to
predict localized corrosion. Thus if the calculated 

hit, however, pitting is
probably occurring. As all of these parameters can be
calculated from the water chemistry using relationships such as
Equation (I 

E,,, is greater than E, When 
E,,, is

below 

1 M. This model is currently incorporated in a code
developed by the Center for Nuclear Waste Regulatory Analyses
for their review of the US Department of Energy license
application of the proposed Yucca Mountain high-level nuclear
waste repository.

It is proposed that a similar empirical equation can be used
to predict the possibility of localized corrosion within CANDU
6 steam generators. It is known from the above work that the
initiation of localized corrosion will not occur when 

Cl- concentration equal
to 

E&T) for a E”&T)  is the value of 

E“&T)  and B(T), are dependent on the material and are
considered to be linear functions of temperature. It was noted
that 

(1)
where 

E:l,,(T)+B(T)log[CI-]l-r,, = 

modelled empirically based
on chloride concentration and temperature using the following
equation.

E

Erit could be E, and the 

pH, bicarbonate, and silica is negligible for
N08825. Both nitrate and sulphate can act as inhibitors if the
ratio of nitrate to chloride or sulphate to chloride is sufficiently
high. For their application, (US high-level nuclear waste
repository) Sridhar, et al. ( 1993) suggested that the dependence
of both the 

Epit on E, and 
(I 993) also showed that the dependence of both

E,.r was
relatively independent of pit depth ranging from 25 to 125 pm.
Sridhar, et al. 

E, on samples with single pits and found that 

Epit defines when a new pit can initiate and is therefore
a constant that is defined by the material and the environment,
and is always greater then Erp. Newman and Franz (1984).
measured 

(E& be used instead. The
potential 

Erp is dependent on the pit depth and pit
geometry, the pitting potential 

E, as a tool to predict
localized corrosion. It was suggested that as experimental
measurement of 

Erp,
Sridhar, et al. (1993). However, there has been some concern
over the use of a measured value of 

(E& is held below 

conditions, it is now suspected that significant SG life-limiting
corrosion may be occurring during short-lived transients, such
as during start-up or cool-down. In this paper, efforts to meet
these challenges are described in an empirical model for pitting
of Alloy 800. The model predicts susceptibility to degradation
as a function of electrochemical potential, temperature and
chloride ion concentration.

Experimental observations have suggested that the
repassivation potential (E,), i.e., the potential at which even
active pits cease to grow, can be used as a parameter for the
long-term prediction of initiation of localized corrosion.
Studies have shown that both pitting and crevice corrosion do
not initiate when the corrosion potential 
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E, but not necessarily E,,, will exceed 
- 60 ppb it is evident that localized corrosion becomes a

possibility, as 
t0

mM chloride, and a partial pressure of 0.0021
Atmospheres oxygen in the cover gas would result in 60 ppb
dissolved oxygen in the crevice. Should the nitrogen flushing
maintain the oxygen levels around 1 ppb then localized
corrosion will not be an issue. But should the oxygen level rise

IO ppm
chloride being released at hide out from a steam generator that
is then drained for lay up and flushed with nitrogen. Under
these conditions it is postulated that the crevices at lay up could
still contain 0.3 

pH 8.4.

Figure 5 shows a worst case scenario entailing 
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Figure 4. Critical potentials of Alloy 800 under CANDU 6
steam generator crevice conditions-Chloride 4 M, 

250 200nrnpe~re 200100 50 0
,,,,II,,, I,,, I,,, I,,, I,,,, -800 

_‘_PO--_ _ -----___--mm__
-6W-

-4oo-Y 

E
-2oo-$ 

ppb OxygenErp 60 
P o- 

--_
-_

8
-- 6ppmWW_ - -w-_-- izm

-_--:;-
‘.-_,‘-_

W- 

.-_4W-
:-

SW-

E,,, such
that pitting would be likely.

suff!ciently low
dissolved oxygen content, there is a large increase in 

, which indicates that
pitting will not occur. However, should the water chemistry not
be maintained within specifications and with a 

E, 
E,,,

is still maintained well below the 
pH 8.4, Epit at 1 ppm dissolved oxygen and E, and 

E,,,,
should the dissolved oxygen rise to 60 ppb and 6 ppm.
Although the presence of 4 M chloride has caused a large drop
in both 

E,,, is shown
calculated within the water chemistry specifications at a
dissolved oxygen concentration of 1 ppb. Also shown is 

pH 8.6 and 4 M chloride,
based on hideout return data. Again, the 

1,000 at SG
operating temperatures, however, so in the absence of some
other oxidizing agent, such as cupric or ferric ion, it is highly
improbable for conditions to become oxidizing enough to
initiate localized corrosion in the boiling zone outside of the
crevice region during operation.

Application of the model to predict the susceptibility to
localized corrosion within the crevice region of a CANDU 6 SG
is illustrated by the results shown in Figure 4. The crevice
environment was calculated to be 

Epit at all
temperatures examined (up to 300°C). The distribution of
oxygen favours the steam phase by a factor of over 

2OO”C,  it is still below 
(2 60 ppb)

for temperatures greater than 
E, at higher oxygen levels 

E,,, is
predicted to rise above 

E,, at all temperatures
examined, which indicates that localized corrosion should not
take place outside of the crevice regions. Although 

E, and Em, is well below both wh 1 

Epit.

It is evident that for a dissolved oxygen concentration of

Epi, values are shown for lower temperatures at this
chloride concentration it is believed that these levels are well
below the minimum for 

pM (note that
although 

300

Figure 3. Critical potentials of Alloy 800 under CANDU 6
steam generator conditions-Chloride 0.3 
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Ecor, should the dissolved
oxygen level not be maintained below 5 ppb.

I. Operational water chemistry control parameters for a
CANDU 6 steam generator.

Figure 3 shows the critical potentials predicted using the
empirical equations described above for a CANDU 6 steam
generator operating within the water chemistry specifications.
Also shown is the predicted change in 

PM)
Table 

pg/kg (0.3 <IO 
9-10

chloride
pH

<5 ppb
I

Dissolved Oxygen
I 260°CTemnerature1 

I shows the normal water chemistry parameters
under operating conditions within a CANDU 6 steam generator.

A/m’.

MODEL PREDICTIONS BASED ON DATA TRENDS
FROM STATION

Table 

IO-” 

(1998)  has been used.
For Alloy 800 the passive current density was assumed to be

E,,, within steam generators is currently
being developed. For the purposes of this paper a similar
model described by Dunn and Cragnolino 

A model to predict 
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I ppb, localized corrosion
should not take place in either the bulk water or the crevice
regions of the SG The chloride concentration in the crevice is
high enough, however, to initiate pitting if the corrosion
potential is raised by some other oxidizing agent. Should low
dissolved oxygen levels not be maintained, under lay up
conditions for example, there is the possibility that localized
corrosion could be initiated.

It is proposed that a model which predicts susceptibility to
localized corrosion as a function of SG chemistry will assist
stations with the operation and control of the water chemistry to
avoid conditions that support localized corrosion of the steam
generator tubes. Atomic Energy of Canada Limited plans to
incorporate such a model into its chemistry monitoring and
analysis package which has been designed as a life management
tool to assist plants in their management of chemistry, to avoid
corrosion, maximize capacity factor and achieve or exceed plant
design life (Turner et al., 1999).
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localized corrosion in several plausible SG environments. For a
dissolved oxygen concentration 

pH
and temperature to assess the susceptibility of Alloy 

800 with
temperature and chloride concentration. This model has been
used along with a second model that predicts the corrosion
potential as a function of dissolved oxygen concentration, 

OA M.

SUMMARY
An empirical model has been developed that correlates

both the pitting and repassivation potentials of Alloy 
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Figure 5. Critical Potentials of Alloy 800 under CANDU 6
steam generator conditions-Chloride 3 x 
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