
' A ROCHER. F. NORDMANN and D. FERON ce/

CiCA

Page 1

TRANSPORT OF LEAD IN SECONDARY SYSTEMS OF PWR PLANTS:
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Both in France and abroad, abnormally high lead concentrations have been found in the deposits on certain
steam generator tubes subject to combined inter and transgranular corrosion on the secondary side. Many
potential sources of lead have been identified in PWR steam-water system, mainly at the turbine level. Tests
on an loop (ORION) have shown that lead (as Pb or PbO) can transport from the condenser to the steam
generator and that the contaminant mainly concentrates in flow restricted areas of steam generators.

1 INTRODUCTION

There have been many cases, throughout the world,
of damaged steam generator tubes with corrosion on
the secondary side caused by significant lead
contamination of the steam generators in PWRs
during operation.
Copson and Dean [1] published the first description
of Alloy 600 cracking in environments contaminated
by lead in 1965. Since then, many studies carried
out by other laboratories have confirmed the adverse
effect of lead on the corrosion of Alloys 600, 690
and 800. some of these laboratories even suggesting
mechanisms which would clearly explain the role of
lead in the corrosion process [2], [3], [4].

In France, the first damage to steam generator tubes
in a lead-contaminated environment was observed in
1988 on Bugey 3. Then, tubes withdrawn from
Bugey 4. Bugey 5 and Fessenheim 2 were also found
to be cracked and contaminated with large quantities
of lead. For these plants, the lead was found in the
sludge above the tubesheet. in the deposits {scale)
on the secondary side of the tubes and in certain
cracks themselves
More thorough knowledge of contaminants
potentially introduced into PWR steam-water
systems, realistic methods of restricting the sources,
and the way in which these contaminants are
transported through the feedwater train, combined
with analytical facilities to constantly monitor
contaminants at all points in the circuit should make
it possible to define procedures to reduce, in the
longer term, circuit contamination and. consequently,
the number of tubes damaged on the secondary side
due to the presence of large quantities of lead in
steam generators

2 LOCATION AND QUANTIFYING LEAD
CONTAMINATION
The highest lead contents in the conventional parts
cf PWRs are generally measured in the steam
generator (scale on tubes and sludge)
Analyses carried out from 1986 to 1991 show that
!he mean lead content in French PWR units is 0 1 '%
in the scale on tubes OD and 0 01% in lanced
sludges (Table 1) The lead concentrations measured
in France are very similar to those measured on
American units [5]

Table 1. Mean lead contamination in French PWRs

% by weight (as PbO)
1986 - 1991 results except specifically

contaminated units

MEAN

NUMBER OF
TUBES

STANDARD
DEVIATION

SCALE

0.11

43

0.15

SLUDGE

0.01

24

0.01

At present, the Bugey 3, Bugey 4, Bugey 2 and
Fessenheim 2 units are considered to be specifically
contaminated (Table 2). These are the oldest French
units and all belong to standard CPO. i.e. first-
generation 900 MW PWRs. The lead contents
measured are generally 2 to 4 times, or even 20
times (Bugey 3) higher than the mean values for the
rest of the population.
At present, the Bugey 3. Bugey 4, Bugey 2 and
Fessenheim 2 units are considered to be specifically
contaminated (Table 2). These are the oldest French
units and all belong to standard CPO, i.e. first-
generation 900 MW PWRs The lead contents
measured are generally 2 to 4 times, or even 20
times (Bugey 3) higher than the mean values for the
rest of the population
It therefore seems reasonable to state that lead
contamination in CPO stations is significantly higher
than in other standard stations. This phenomenon
mi^ht be related to the considerable increase in
damage found in the sludge zones in many CPO
steam generators An increase in the damage on the
secondary side of steam generator tubes in other old
PWRs. particularly CP1 units, has also been found
over last years, confirming the assumption that the
the plant age also affects corrosion phenomena

The analysis results in the above tables 1 and 2
would seem to indicate that the lead concentrations
in scale on the secondary side of tubes always
exceed that in the sludge deposited in the same
units
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Table 2. Lead concentrations in specifically
contaminated French PWRa

% by weight (as PbO)
1988 - 1991 results

specifically contaminated units

PLANT

FESSENHEIM 2

BUGEY 2

BUGEY 3

BUGEY 4

SCALE

0.39

0.29

2.50

0.34

SLUDGE

NR

0.08

0.05

NR

i.'.' ' '<'.'•

NR. No results

However, it must be remembered that the methods
of taking samples are completely different - lancing
is used for sludge while scale is collected by
scraping - and these analytical results must,
therefore, be interpreted with extreme care since the
sampling method could well explain part of the
differences found.
The mean weight of lead in a steam generator of a
900 UW unit can be estimated by a simple
calculation. If it is assumed that there is, on
average. 200 g.m"2 of scale on steam generator
tubes and that approxatively 50 kg/GV of sludge is
deposited in each steam generator and allowing for
the fact that the lead concentrations in the scale and
sludge is respectively 0 11% and 0.01% (Table 1), it
is assumed that each steam generator is
contaminated by, on average, 50 g to 1 kg of lead.
These two values correspond to two assumptions on
the deposit of scale over the tube bundle: firstly, it is
assumed that scale containing lead is deposited only
on the first 50 cm above the tubesheet while, in the
second case, it is assumed that the scale is
distributed uniformly over the whole tube bundle.

3 CORROSION FACIES IN A LEAD ENVIRONMENT
Destructive examination of tubes corroded at the
tube support plate elevation on the hot leg or in the
sludge pile above the tubesheet in a lead-
contaminated environment confirms that corrosion is
initiated on the secondary side, generally by
intergranular attack. However, cases of mixed inter
and transgranular corrosion have also been found
(Fig. 1). In this case, the crack initiates by
intergranular corrosion and propagates, at least in
part, through transgranular attack [6],
Analysis with an electron microprobe in certain
cracks, opened in the laboratory, has shown ver/
high lead contents (up to 5%) However, it is
important to state that lead and sulphur are
frequently simultaneously present from the tubesheet
up to the fourth tube support plate, with higher lead
contents above the tubesheet . Lead is rather in
contact with the metal than being uniformly
distributed throughout the scale.

4 SOURCES OF LEAD CONTAMINATION
There are many sources of steam-water circuit
contamination by lead and it is difficult to draw up

Fig. 1. Bugey 3 - Steam generator tube with external
corrosion in the sludge pile
Micrographie section showing the inter and
transgranular cracking in the presence of lead

an exhaustive list. However, experience feedback by
operators shows that the turbine likely represents the
greatest potential source of lead contamination.
Table 3 indicates that plant contamination cannot all
be reasonably attributed to a single source.
Consequently, all potential souices of contamination
must be closely investigated to avoid steam
generator tubes degradations.
Of the probable sources, the following are
particularly worthy of note:

The turbine positioning, operation carried out after
each shutdown for refueling, in which the clearance
between the turbine rotor and stator is measured by
crushing lead wires of a carefully calibrated diameter
(generally 1.5 to 6 mm). Pieces of these wires can
drop into the turbine after each operation.

Certain low-preasure bursting discs (in 900 and
1300 MW turbines) could cause contamination due to
lead dissolved from metal in contact with alkaline
fluid at a high temperature.

Certain coatings (SODOX. etc.) used to protect
components against corrosion. These coatings are
dissolved during the first fuel cycle and could also
contain lead.

Table 3. Sources and potential quantity for
explaining an average contamination In a 900 MW
PWR

POTENTIAL SOURCE
OF Pb

Wire length to
check clearance
diameter = 3 mm
diameter = 5 mm

Quantity of oils
and greases

Pb = 2%

Temporary protection
(S= 20000m2. Jh= 50um)

Pb= 60 mg.kg"1 (SODOX)

QUANTITY
TO PRODUCE

15Og PbO

1.6 m
0 6 m

7 5 kg

3kg PbO

32 m
12 m

150 kg

TOTAL = 6Og PbO
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Certain greases (extreme-pressure types) with a
lead soap base (liposoluble organic-lead compounds)
are used as industrial high-temperature lubricants; in
addition, graphite-lead based cutting oils and
penetrating oils are widely used. These products
could, when in contact with the fluids or when left in
the circuits, cause lead contamination. Lead
concentration in these products is ranging from 1 to
10%.

Certain lead-chromate (yellow pigment) or lead-
oxide (red lead) paints may be used as coating for
pump liners and bulbs in the feedwater train.

Assuming that the lead content in the conditioning
reagents (morpholine + hydrazine or hydrazine +
ammonia) is 10 mg.kg" (max. acceptable
concentration), the total quantity of lead introduced
into the circuits by these reagents varies between 20
and 260 g per unit/year, depending on the particular
plant.

Lead billets (1500 mm long and 80 or 100 mm
dia.) are used to provide health-physics shielding at
handholes or eyeholes during maintenance. They are
placed horizontally in these orifices, up to the first
row of tubes and are found to be scored after use.

Lead masses are used to fit or remove bearings
while lead mallets are used to strike parts without
marking them (keying, alignments, etc.). Metal could
also be detached during their use, causing
contamination.

In addition, materials used in feedwater trains
(carbon and stainless steel, copper alloys and
titanium) could be a minor source of contamination,
the lead content of steels and titanium usually varies
between 1 and 10 mg.kg" and that of copper alloys
is roughly 100 mg.kg . Consequently, based on the
quantity of dissolved metal, the contamination (10 g
total) potentially introduced by the feedwater train
materials is only a small proportion of the total
contamination found.

In France, several specific measures have been
decided for implementation to attempt to eliminate
lead sources. The top-priority actions include

- restricting the systematic turbine opening with
subsequent measurement of clearances, whenever
the technology of the equipment allows this.

- using lead masses wrapped in plastic to work on
(he turbine.

- educating workers on potential sources of !ead
during maintenance operations.

- issuing procedures and worksheets which impose a
check on the cleanliness of sites after work with
opening of turbines, heaters and condenser These
may call for cleaning before start-up to ensure
greater cleanliness of the equipment.

- the introduction of stoD-pomts at the start and the
end of any work on steam generators, to ensure that
no lead shieldma has been left in the component

- motivating senior staff in stations to improve
cleanliness during operation and maintenance of the
circuits.

S MEASUREMENT OF LEAD CONCENTRATION IN
CIRCUITS
If it is assumed that lead contamination on PWR
reactor circuits occurs continuously and regularly
from the first start-up onwards, the estimated lead
concentration in these circuits is of a few parts per
trillion (ppt).
To develop lead concentrations measurements as low
as a ppt. it was necessary to develop highly-sensitive
analytical techniques. Electrochemical methods,
particularly chronopotentiometry and po/arography.
now allow to measure lead concentrations as low as
20 jig.f1 in water.
On the other hand, it has not proved possible to
repeatedly measure concentrations as low as the ppt
using atomic absorption in a water-steam circuit
matrix. The most accurate results obtained after
evaporation (reducing the liquid volume by a factor
of 10) are approximately 1 ng.kg"1 (ppb). Although
integrating the solution to be measured on a resin
should, apparently, allow far lower detection levels to
be achieved, the results obtained have not been
repeatable.

6 LEAD TRANSFER IN THE CIRCUITS (LOOP TEST)
A bibliographic study [7], [S]. carried out to
determine the types of mineral lead compounds
which could potentially be introduced into circuits
during construction, operation or maintenance, show
that a large number of contaminants could be
transported to the steam generator and possibly
deposited on the tubes or in sludge in a
thermodynamically stable form Pb, PbO or hydroxides
(II). Lead (IV) compounds, on the other hand, are
relatively unstable in the conditions in these circuits.
Tests on a loop (ORION) were carried out to study
the circulation and preferential deposit of lead in a
PWR steam-water system. These investigations allow
for the effects of the contamination location and type
(Pb or PbO).

The ORION facility located in La Hague (CEA)
reproduces the main physico
-chemical caractenstics of a PWR secondary circuit :
the water thermohydraulic cycle, the steam generator
and the feed water train with representative
temperatures, materials and transit times. It is mainly
composed of a primary circuit and a secondary
circuit with a steam generator. All the various
components and pipes are made of stainless steels,
except the steam generator (carbon steel and
thermally treated Alloy 600). The flow diagram of this
secondary circuit is shown in figure 2 where are
reported the temperatures, pressures and flow rates
which were designed for this study. Vacuum system
reoroauces pressures and temperatures of an actual
condensor system. In order to simulate the feed
water train, three units or "simulation devices"
respectively simulate a real condensor (unit n°1), low
pressure heaters (unit n"2), and high pressure
heaters (unit n'3). They are designed to receive
materials in the form of knitted mesh and to have
reDresentative transit and contact times which have

1
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Figure 2 Shematic diagram of ORION secondary
circuit

been choosen in accordance with those of the
secondary circuit of French 900 UWe plants
(Fessenheim).

The ORION facility is fed with demineralised and
filtered (0.22iim) water : its total conductivity is lower
than 0 1 uS.cm and its cationic conductivity is
lower than 0.15 uS.cm . Before and after each
apparatus or each simulation device, the circuit is
fitted with sampling lines. The chemistry is followed
by on-line measurements (pH's, conductivities,
oxygen) or by analysis on grap samples, at any point
of interest. Oxygen concentrations are measured
continuously with an on-line monitor. Main anions
(Cl". SO4*~, acetate, formate) and cations (Na+. K+.
NH4+, morpholinium) are analysed by ion
chromatography. Soluble lead in secondary water is
analysed on grap samples by atomic absorption. For
lead analysis, the analytical limit is 15 ng.kg without
concentration process When concentration by
evaporation is performed, the analytical limits vary in
accordance with the factor of concentration (for
instance 1.5 ng.kg with a concentration factor of
10)

The experimental program for the study of lead
migration included two 1000 hour runs
-during the first run (run A), the pollution has been
made of metallic lead (500 g ot small 2.5x2.5x2.5
mm blocks):
-lead oxyde has been used for the second run. run B
(15.0 g of yellow oxide containing less than 1% of
impurities).
The lead migration has been determined by two
independent ways.
-during each run. chemical analyses of soluble lead
have been performed on grap samples by atomic
absorption
-at the end o( each run. semi-quantitative analyses
on metallic surfaces have been made by electron
microprobe

The thermohydrauhc parameters were planned to be
as indicated in figure 2 The obtained values are in
agreement with the expected values, except at the
inlet of the steam generator ("SG feed
temperature') where higher temperatures were
ootained

The secondary chemistry was the same for the two
runs : it was a morpholinium conditioning (7 mg.kg
of morpholine) with low oxygen, less than 10 ug.kg
and addition of 20 iig.kg of N 2 H 4 .
In order to simulate preheaters surfaces, carbon
steel mesh has been introduced in the simulation
devices : 1.97 m z in the unit n"1. 0.44 m in the n°2
and 0.26 m2 in the n°3.
In order to follow lead deposition on metallic
surfaces, six carbon steel coupons were put in each
simulation device. Three carbon steel coupons and
three other coupons made of stainless steel (13%
chromium steel) were also set in the steam
generator Two eccentric tube/tube support plate
configurations were used with the nominal gap of
0.2 mm. The crevices were initially open (no pre-
packing).

Each run included three main steps :
-a first period of reference without pollution; it lasted
300 hours for run A and 400 hours for run B;
-a second period of around 300 hours with the lead
pollution in the condensor simulation device (unit
n°1, 30 -C. 50 mbar);
-a third period with the lead pollution in the high
pressure preheaters simulation device (unit n°3.
215 0C); this period lasted respectively 330 and 195
hours for runs A and B.
At the end of run B, a fourth period of 150 hours
was added, without pollution.
Between each period, the designed unit (simulation
device) was isolated from the main loop in order to
introduce the lead pollution, but the loop was not
shut down.

The main results obtained during the two runs are
compared and discussed in the following items.
mainly :
•the mass losses of the lead pollutions : how much
lead was introduced into the ORION feedwater
circuit?
-the lead concentrations in the feed water train and
at the steam generator blowdown . what are the
main parameters of lead migration7

-the lead "deposition" on surfaces and specially on
the tube surface in and out the crevices : where is
this lead going?
The mass losses of the metallic lead or of the lead
oxide during the pollution periods of the two runs
are summarised in the table 4. The initial masses of
lead were 500 g of metallic lead (run A) and 15 g of
lead oxide (run B). Table 4 shows that dissolution of
metallic lead occurs in secondary system conditions
at both 30 "C and 225 °C and seems to be more
important at low temperature. With lead oxide
pollution, a small quantity of lead oxide (0 9 g) is
dissolved at 30 "C. but nearly the whole quantity
(14 3 g) is dissolved at 210 "C.

Lead analyses of secondary water have been
performed before and after each simulation device
(unit 1 or 3) when lead pollution was inside these
devices Table 4 summarizes the evolutions of lead
concentrations The increases of lead
concentrations mean that solid lead pollutions like
metallic lead (run A) or lead oxide (run B). are
soluble in secondary water and that lead migration
may be achieved by soluble lead.

< • * .
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Table 4 : Lead mass losses and lead concentrations _ 150Q
before and after the site of pollution T

Run Pollution

A
A
B
8

metallic lead
metallic lead

lead oxide
lead oxide

T

("C)

26
225
27

210

Duration

(hours)

310
330
280
195

Mass
loss
(O)

4.7
2.3
0.9
14.3

Lead content

Before

0.7
4.6
1.9
<15

(g"'|
After

3.5
6.5
17.8
1600

The largest concentration increases are related to
oxide pollution : dissolution of lead oxide is easier
than dissolution of metallic lead.

These results are in accordance with the mass
losses. It is at 210°C and with oxide pollution that
the largest lead concentrations are obtained (1600
(ig.kg"1) in the feed water.

Analyses have been performed also to look at the
evolution of lead concentrations all around the
secondary circuit. Similar results have been obtained
during the two runs as shown in table 5 :

-It is at the steam generator blowdown that the
largest lead concentrations are obtained. It means
that lead is partially eliminated by the blowdown.

-There is a decrease of lead concentrations in the
feed water train when the pollution is located in unit
n°1; this decrease is probably due to the deposition
or absortion of lead on the metallic surfaces of the
secondary circuit.

-When the pollution is located in unit n°3. there is an
increase of lead concentrations even before the
pollution location. This increase is explained by the
lead which was previously deposited on metallic
surfaces and which is then dissolved in secondary
water It shows that lead migration in a secondary
circuit is a dynamic process with series of
phenomena including surface properties.

-At the steam generator outlet, in the vapor phase,
the lead concentrations are often lower than the
detection limit . lead does not go into the vapor
phase.

Table 5 : Lead concentrations (pg.kg" ) around the
ORION secondary circuit

Location

Site of pollution
Unit 1 inlet
Unit 2 inlet
Unit 3 inlet
S G. inlet
S G. blowdown
Vapor

Run
641

unit
0 7
3 5
.
1.0
290
<0 5

A
h

1

Run
435

unit
1 9
173
.
5
236
<1.5

B
h

1

Run 8
770 h

unit 3
1 5

10
590

37500
2.9

1000

« 500

k !» pollution

400 600
Tine (hours)

1000

Figure 3 Evolution of lead concentration in the
feedwater and at the steam generator blowdown (run
A metallic lead pollution)

Its migration in the secondary circuit is stopped in
the steam generator; from the data obtained with
oxide pollution (run B, t=770 h), the steam/water
partition coefficient of lead is less than 10 at
2B5 °C.

The evolution of the lead concentrations at the steam
generator blowdown are reported in figure 3 for run
A. Before the lead pollution, no lead was in the
secondary water, even at the blowdown.

At the beginning of the two pollution periods, there
is a peak and then the concentrations reach a stable
value. These peaks are probably due to a large
amount of lead which arrives suddently in the steam
generator at the beginning of each pollution. This is
explained by small particules of metallic lead which
are included in the pollution and which may be
directly carried to the steam generator or which
dissolve rapidly. It is also interesting to note on
figure 3 that between the two pollution periods, there
is a short period of time without any pollution.
During this small period of time, the lead
concentration at the blowdown decreases. This
evolution indicates clearly that the blowdown
concentrations mainly depend on inlet quantities of
lead. Similar evolutions at steam generator
blowdown have been shown during run 8 with oxide
pollution

Semi-quantitative analyses have been performed on
metallic coupons and tubes that were exposed to
lsad pollutions A scanning electron microscope was
used with X-ray analyser:

-At low temperature, around 30 °C. lead content on
carbon steel surfaces of the secondary circuit is
between 0 5% and 2 6%. This lead is due to an
absortion or a redeposition process which occurs
during pollution periods as mentioned above This
result is in accordance with the evolution of lead
concentration in the feed water train.

-At higher temperatures, in the unit 3 or in the steam

4
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Table 6 : Surface analyses on Alloy 600 tube
seml-quantltatlve analyses / mass percentage of
lead

Run Pollution Free span Inside the crevice
deposit out of

deposit

generator, there is a competition between lead
deposition and the corrosion of the carbon steel. It
explains why no lead is found on the carbon steel
coupons exposed in unit 3 or in steam generator,
except the coupons which were exposed in the steam
generator during the two runs (around 2000 h at
285 "C with lead pollution) and where there is 0.4 %
of lead

-On 13% chromium coupons exposed in the steam
generator, the amount of lead (0.2% to 0.6%) is more
important than on carbon steel surfaces and more
lead is found on coupons which were in the steam
generator during the two runs.

The main results about tube surface analyses are
given in table 6. The steam generator tubes are
made of Alloy 600 TT and had been in operation on
Orion loop before these two runs during over 16000
hours. At first, it is interesting to notice that no lead
was on the tube surface before the two runs. On the
free span of the tube, between 0.4 and 0.8 % of lead
were found respectively after the first run A and after
the second run B. It is inside the crevices that the
greatest amount of lead was found, particularly in
the deposit which formed during the tests and where
around 10% of lead have been quantified at the end
of the metallic lead pollution (run A) and up to 34 %
at the end of lead oxide pollution (run 6). These
results clearly point out hideout of lead in restricted
flow areas where very high amounts of lead may be
trapped.

surfaces of the feed water train and of the steam
generator.

-In the steam generator, lead stays in the liquid
phase, pollutes Alloy 600 tuba surfaces and may
concentrate in tube/tube support plate crevices
where up to 34% of lead have been found.

7 CORROSIVE POTENTIAL OF LEAD (UBORATORY
TEST)
Tests were carried out in capsules to determine the
effects of PbO contamination (10 g.kg"') in a caustic
environment on the corrosion of Alloys 600 and 690.
These tests showed that a caustic environment
containing PbO was more corrosive than a sodium
hydroxide environment alone. When the environment
is contaminated by sodium hydroxide and lead
oxide, some cracks have an intergranular corrosion
faciès while other faciès show combined corrosion
with intergranular initiation and transgranular
propagation, very similar to that found on the
Bugey 3 unit (Fig. 2). The mixed corrosion faciès
have been found on most highly stressed capsules.

Other tests were carried out to determine the
corrosion of Alloy 600 by molten metallic lead. In
fact, it is not impossible that metallic lead, stable
under the thermodynamic conditions in the steam
generator, could locally exist in the molten form
(lead melting temperature = 327.5°C), in certain
hotter areas of the component, for example in
confined spaces such as the crevices between tubes
and tube support plates or sludge piles on the
tubesheets. A first series of two slow strain tests on
Alloy 600 specimens, shovvsd that the elongation at
failure is less when molten lead is present than in an
uncontaminated environment. In addition,
micrographie inspection showed an intergranular
corrosion faciès when the specimens were tested in
a molten lead environment, whereas tests under
identical experimental conditions but with no
pollution showed ductile rupture. These low strain
rate !ensile tests therefore suggest that rnolien lead
has a highly adverse effect on the corrosion of Alloy
600

The main results of ORION loop experiments are the
following :

-The lead migration in a secondary system is
possible . it is achieved by soluble lead. For instance
it was shown that when there is metallic lead in the
condenser, the lead concentration at !he steam
generator blowdown increases

-Metallic lead and lé*ad oxide have the same
behaviour, even if the dissolution rate of the oxide is
faster

-When the pollution occurs in the feed water train,
the pollution location has no influence on the final
result dissolution and migration of lead to the
steam generator

-Lead pollutes carbon steel and stainless steel

8 PROSPECTS FOR MEASUREMENTS IN PUNTS
The lead concentration in circuits will be measured
on a large number of French PWRs in an attempt to
determine whether the contamination phenomenon,
at present found more widely in older reactors, is in
fact explained by the age of the reactor or its
standard or if, on the other hand, it is a purely
random effect or again, if it can be at least partially
explained by identified specific types of
contamination.
Measurements will be taken on different standards
of plants, of different ages, during the start-up
period, during and at the end of the fuel cycle,
whether maintenance work is done on the turbine or
not.

Highly sensitive analytical tools are now being
developed to measure very low lead concentrations
in steam-water circuits and should make these tests
feasible.
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9 CONCLUSION
Although lead is not the only contaminant which
adversely affects corrosion on the secondary side of
PWR steam generator tubes, it has been clearly
shown that its presence in these steam generators
always aggravates the corrosion of Alloys 600, 690
or 800 tubing. Any action to minimize the quantities
of lead in the steam-water circuit and, consequently,
in the steam generators can only reduce the risk of
corrosion initiated on the OD . This is particularly
true since loop tests have shown that, even when the
lead contamination in the steam-water systems is
very low. for example because the lead is present in
the highly insoluble metallic form, it nonetheless
accumulates in confined areas (gaps between tubes
and tube support plates, sludge piles) in the steam
generator, precisely where corrosive elements
concentrate and. consequently, increase the risk of
tube corrosion.
Investigations have shown that the most probable
source of lead in the circuits is the turbine
positioning. Thus, action is being taken, in
cooperation with the turbine manufacturers, to
reduce the frequency of these operations which are,
at present, systematically carried out during
maintenance.
Other supplementary actions will also be
implemented. These will include, in particular,
determining the lead concentrations in French PWRs
using electrochemical methods (chronopotentio-
metry).
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