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ABSTRACT

In situ corrosion potential measurements are performed in one of the main
recirculation loops of the Barsebäck 1 BWR. The installation was performed
close to a stainless steel ring where crack indications have earlier been
obtained by nondestructive testing. Simultaneous measurements were
performed in the residual heat removal system and in a side-stream system.
The purpose of the measurements was to investigate any differences in the
corrosion potential of stainless steel between the monitoring point in the
main recirculation system and the residual heat removal system, which has
earlier been used for hydrogen dosage surveillance. The results show that the
corrosion potential in the main recirculation system and the residual heat
removal system can differ. The differences depend on the hydrogen dose-
rate and the main recirculation flow. Under certain circumstances the
corrosion potential in the main recirculation system was up to two hundred
millivolts higher in the main recirculation system compared to the residual
heat removal system.

For future hydrogen water chemistry surveillance it is recommended to
perform the corrosion potential monitoring in the main recirculation system.
Measurements in the residual heat removal system are recommended for
backup reasons.



INTRODUCTION

In situ corrosion potential measurements have been performed in several
Swedish BWRs since 1988 [1]. The results of the measurements have shown
that the corrosion potential for stainless steel in BWR environments is a local
property. The concentration of oxidants decrease during transport of the
coolant in the piping of the reactor, thus lowering the corrosion potential.
This is particularly true during transport through small diameter sampling
lines to monitoring points in side-stream autoclaves. Such monitoring points
should be avoided and in situ monitoring techniques should be used.

In the Barsebäck 1 reactor in situ corrosion potential measurements in the
residual heat removal system were introduced in 1988. The transport time
from the cutlet of the pressure vessel to the monitoring point is about 20 s.
Crack indications have later been obtained in the Barsebäck 1 BWR. The
cracks were located in a forged stainless steel ring close to one of the main
recirculation pumps. The transport time from the outlet of the pressure vessel
to the ring is less than 1 s. Due to the difference in transport time to the
location of the crack indications and to the location of the corrosion potential
monitoring, the question was raised if the corrosion potential at the cracked
area could be higher than at the monitoring point. Existing data regarding
hydrogen peroxide decomposition and methods to calculate the corrosion
potential were regarded inadequate to answer the question. Thus, it was
decided to perform corrosion potential measurements at both locations.

Another purpose of the measurements was to obtain data from different
locations in a BWR to be able to develop a model for estimating corrosion
potentials of stainless steel in a BWR environment. The purpose of the
measurements was thus also to create data as input for this model. For this
reason a side-stream monitoring point was also used.

EXPERIMENTAL

The design of the recirculation system including the main rccirculation
system, the residual heat removal system and the water clean-up system in
the Barsebäck 1 reactor is given in Figure 1. Corrosion potential
measurements were performed at three measuring points indicated in the
figure and described below.



Figure 1
Schematic illustration of the monitoring points in the Barsebäck 1 BWR.

The monitoring point A is located close to the forged stainless steel ring in
one of the main recirculation loops. The ring ;s identified to be a critical part
from a stress corrosion point of view; as mentioned above cracks have been
detected in the ring. Details of the installation are given in Figure 2.

Piping Di = 610 mm
Flow 1350 - 2500 kgte
Transport time Is

Figure 2
Monitoring point A in the main recirculation system.



Details of the installation in the residual beat removal system at monitoring
point B are given in Figure 3. The reference electrode was exchanged during
the refueling outage in 1993. The monitoring point has been used since 1987
and results from the measurements have earlier been published [2].

Transport time 21 s

Figure 3
Monitoring point B in the residual heat removal system.

The monitoring point C was located in a sampling line for an earlier used
side-stream autoclave. The installation of the reference electrode was
performed in the sampling line itself. Details of the installation are given in
Figure 4.

Piping Di = 10 mm
Flow 0,5 kg/6
Transport time 30 8

Figure 4
The side-stream monitoring point C.

Platinum reference electrodes were used. It has earlier been shown that
platinum works as a reversible hydrogen electrode during periods of
hydrogen water chemistry. (During normal water chemistry the potential of
platinum can vary and it is not suitable as a reference electrode.) A photo of
the electrode is given in Figure 5. The measured corrosion potentials during
hydrogen water chemistry were converted to potentials on the standard
hydrogen scale by calculating the hydrogen equilibrium potential [3] for
neutral pH and the hydrogen concentration in the recirculation system.



Figures
Photo of the platinum reference electrode.

RESULTS

Simultaneous measurements at all three locations were started after the
refueling outage in 1992. However, the reactor has unfortunately been out of
service for long periods.

The conosion potentials were found to depend on the hydrogen dosage and
the main recirculation flow. At high dose-rates of hydrogen all corrosion
potentials were low according to Figure 6.
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Figure 6
Corrosion potentials during high hydrogen dosage.



At lower dose-rates significant differences between the measuring points
were obtained, see Figure 7. For instance the corrosion potential measured at
location C was very low when the corrosion potential measured at location A
in the main recirculation system was -50 mV SHE. During these conditions
the measuring points A and B differed by about ISO mV. The influence of
the main recirculation flow is also significant. In Figure 8 obtained corrosion
potentials at two main reciiculation flows are given.
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Figure 7
Corrosion potentials during lower hydrogen dosage.

DISCUSSION

The results show that the corrosion potential of the stainless steel in the main
recirculation system and the vesiduJ heat removal system can differ. The
differences depend on the hydrogen dose-rate ana the main recirculation
flow. Under certain circumstances the corrosion potential in the main
rccirculation system can be up to two hundred millivolts higher compared to
the residual heat removal system.

The same type of measurements z * also planned for the Barsebäck 2 reactor
to start in the beginning of 19*4. The measurements are considered
important as a verification of the present conclusion from the measurements
in Barsebäck 1, that corrosion potential monitoring in the main recirculation
system is necessa./ for proper hydrogen water chemistry surveillance.
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Figure 8
Corrosion potentials as a function of the hydrogen addition at main
recirculation flows of 5500 and 6000 kg/s.

Due to the short operating periods during the last two years the main
recirculation flow has not reached its maximum value. During a normal
rcacor year the main recirculation flow increases up to about 7500 kg/s. The
increase of the main recirculation flow is given by the fact that spectral shift
is used for bum-up compensation. As the necessary amount of hydrogen to
suppress the corrosion potential increase with the main recirculation flow it
is important to know the response from a full reactor year. Hopefully this can
be achieved during 1994.

As shown in Figure 8 the corrosion potential at location A was lower than at
location B during certain periods. This is a surprising result, which is not yet
explained. It will be further checked during the measurements in 1994 in
both Barsebäck reactors. At lower hydrogen dose-rates the corrosion
potent"! at location B is lower than in the main recirculation system. In spite
of these discrepancies measurements in the residual heat removal system are
still recommended for backup reasons.



CONCLUSIONS

Corrosion potentials of stainless steel in the main recircuiation system and
the residual heat removal system of a BWR during hydrogen water chemistry-
can d:ffer. The differences depend on the hydrogen dose-rate and the main
recircuiation flow. Under certain circumstances the corrosion potential in the
main recircuiation system can be up to two hundred millivolts higher
compared to the residual heat removal system.

For future hydrogen water chemistry surveillance it is recommended to
perform the corrosion potential monitoring in the main recircuiation system.
Measurements in the residual heat removal system are recommended for
backup reasons.
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