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RESUME

Depuis plusieurs annees, on a procede a l'echantillonnage de sections de la tuyauterie du circuit
secondaire des centrales d'Ontario Hydro et des reacteurs CANDU 6 pour en verifier la teneur en
chrome. Plusieurs centaines de mesures ont ete prises et des comparaisons ont ete etablies avec
les donnees d'inspection. II est important de souligner les concentrations de chrome dans la plage
0,01<Cr<0,l (% poids) afin de mieux identifier les effets de la teneur en chrome a 1'etat de trace
sur la sensibilite a la corrosion attribuable a l'ecoulement.

Les travaux dont il est question dans le present document ont ete finances dans le cadre du
programme R et D du GPC.
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ABSTRACT

For several years a number of Ontario Hydro and CANDU-6 stations have been sampling
sections of secondary-side piping for chromium content. Several hundred of these measurements
have been made, and comparisons with inspection data drawn. There is special interest in
chromium concentrations in the range 0.01<Cr<0.1 wt.%, in order to better define the effect of
trace chromium content on susceptibility to flow-assisted corrosion.

The work reported in this document was funded by the COG R&D Program:

Technical Committee 1, WPIR 0774.
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1. INTRODUCTION

For some time it has been recognized that trace concentrations of chromium in carbon steel
piping can have a significant impact on the rate of flow-assisted corrosion (FAC). Although the
general shape of the relationship between chromium concentration and FAC rate is recognized to
be similar to those shown in Figure 1, there are only a few station data (shown in Figure la)
confirming that this is indeed a relationship that can be used to predict FAC rate with confidence.
Figures la and lb both indicate that relatively high chromium concentrations (>.1% and >0.04%,
respectively) are needed to achieve the lowest FAC rates under the conditions indicated. Most of
the secondary system piping is carbon steel with unspecified chromium content, which, for
CANDU* reactors, varies between 0.01 and 0.1 wt.%.

Within the CANDU reactor community, we have been collecting data on FAC rate, based on
ultrasonic inspection data, and FAC-related failures, of feedwater and wet steam
piping/components for some time. At the same time, we have been measuring the chromium
content of the piping, and attempting to correlate this information with susceptibility to FAC.
What had been evident from earlier work was that all the CANDU carbon steel secondary-system
failures that could be attributed to FAC (excluding design errors or component misalignment,
etc.) could be attributed to material with low chromium content, typically less than 0.04 wt.%.
The majority of the CANDU secondary-system piping and component materials sampled had
chromium contents <0.07 wt.%, regardless of whether they had been shown to be susceptible to
FAC or not. The CANDU secondary-system sampling program was biased towards sampling
components thought to be at high risk to FAC.

The chromium sampling program was coupled with inspection campaigns. This report describes
the correlation of the carbon steel chromium content with pipe or component wall loss. The
original expectation was that the shape of the curves shown in Figure 1 could be better defined
with station data, in particular over the chromium content range 0.01 < Cr < 0.1 wt.%, and it was
hoped that it could be determined whether there is a threshold level for chromium content.

2. EXPERIMENTAL PROCEDURES

Samples were obtained from station piping using carbide rasps and/or rotary files. In all cases,
the rotary file was examined for chromium content to ensure that the sampling procedure was not
contaminating the samples. No cross-contamination was found. Approximately 0.5 to 1 g of
material was collected. Piping surfaces to be sampled were cleaned with a mini-grinder prior to
sampling, and samples were removed only from areas with 87.5% nominal wall thickness
remaining.

Samples were analyzed for chromium using inductively coupled plasma atomic absorption
(ICP-AA) spectroscopy calibrated against US National Bureau of Standards materials.

" CANDU: CANada Deuterium Uranium; registered trademark.



3. RESULTS AND DISCUSSION

Samples and inspection data were obtained from Pt. Lepreau Nuclear Generating Station
(PLNGS), Pickering Nuclear Generating Station (PNGS) and Bruce Nuclear Generating Station
(BNGS). For the purposes of this report, data for samples with >0.5 wt.% chromium are omitted,
since these are from low alloy steel components.

The sources of data are summarized in the following table:

Figure

2

3

4

5

6

7

Source of Samples

BNGS Unit 7 Inspection 1991

BNGS Unit 6 Inspection 1992

BNGS Unit 6 Inspection 1993

All BNGS data

PNGS Unit 1 Inspection 1993

PLNGS Inspection data 1988-1992

Figure 6 shows the data in terms of the percentage of remaining wall thickness; in Figure 7 the
data were "rounded off' by the station, and so they give only a crude representation of trends in
wall loss with chromium content.

In all cases, the figures show that there is not a well-defined correlation of component wall loss
with chromium content. There does seem to be, however, a "peak" in FAC rate at low chromium
content (<0.07 wt.%) with a lot of scatter. The scatter could be related to the fact that areas
thinned below 87.5% nominal wall thickness were not sampled (to avoid further thinning the
component), and hence there could possibly be lower chromium content in these high FAC rate
locations, or to the variations in water chemistry, pH, temperature, flow, etc., that the
components experienced. These latter factors have not been evaluated for all the components
examined here, although in principle this is possible. Based on literature data and station
experience, however, such further analysis may not be warranted, or even necessary. There is
sufficient evidence that low chromium content of carbon steel piping is associated with increased
susceptibility to FAC that AECL has increased the chromium content specification for both
primary and secondary piping to 0.2 wt.%.

The data shown in Figures 2 to 7 do not quantify the benefit to be expected from this, but the
BNGS data, which are the most extensive, seem to suggest that a decrease in FAC rate of about 4
may be expected by increasing the chromium content to 0.2 wt, and that below 0.07 wt.%
chromium there appears to be an increased susceptibility to FAC.



An added benefit of a uniformly higher chromium content is a more predictable FAC behaviour,
with benefits to inspection programs. It may even make use of the "lead unit concept" in multi-
unit stations more reliable.

4. CONCLUSIONS

A large number of CANDU station secondary-side components and piping have been sampled
and analyzed for chromium content. The results indicate that there is no well-defined
relationship between chromium content and rate of component/pipe wall thinning, based on in-
service inspection data, and without including the effects of water chemistry, flow, temperature,
etc. BNGS data, however, suggest that there is about a factor of 4 decrease in wall thinning to be
expected, by specifying chromium content to be 0.2 wt.%, over that with no minimum chromium
specification, and that components with chromium content <0.07 wt.% appear to be susceptible
to FAC under average CANDU secondary-side conditions.
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Figure 1 a: The Effect of Chromium Content on the Rate of FAC Under Balance-Of-PIant
Conditions (Chexal et al., 1996).
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Figure lb: Laboratory Test Data for Single-Phase and Two-Phase Flow Conditions Showing
the Effect of Chromium Content on Carbon Steel Corrosion Rate (Chexal et al.,
1966).
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Figure 2a: Wall Loss versus Chromium Content for Bruce 7 Inspections (1991); 0 to 0.06 wt.% Cr.
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Figure 2b: Wall Loss versus Chromium Content for Bruce 7 Inspections (1991); 0 to 2.5 wt.% Cr.
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Figure 3: Wall Loss versus Chromium Content for Bruce 6 Inspections (1992).
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Figure 4: Wall Loss versus Chromium Content for all Bruce 6 Inspections (1993).
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Figure 5: Wall Loss versus Chromium Content for all Bruce 6 and 7 Inspections.
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Figure 6: Wall Loss (Expressed as a Percentage of Remaining Wall)
as a Function of Chromium Content for Pickering 1 Inspections (1993).
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Figure 7: Wall Loss as a Function of Chromium Content for Pt. Lepreau Inspections (1992).
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