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Abstarct

The report summarizes the results obtained from the metallographic characterization and
decontamination tests performed on metallic scraps coming from Latina, Caorso and Trino Vercellese
nuclear power plants.

To evaluate the amount of the contamination that could be lost during the manipulation of a
sample (i.e. packaging, transport, cutting ecc), supplemental radiometric measurements were
performed on the sample provided by Trino V. before and after its cutting in the laboratory. The
results show that either joint ultrasonic and chemical decontamination or electrodecontamination are
very effective techniques in removing contamination, and the amount of the contamination lost during
the manipulation of the Trino V. sample, if occurred, is not greater than 5-10%.

1. INTRODUCTION

The activity was intended to characterize the contamination layers on metallic scraps
coming from Latina, Caorso and Trino Vercellese nuclear power plants, either in
morphology or in mechanical properties, in order to address proper conservation
methods and as a precursor for future decontamination activities.

Latina is a gas cooled reactor power plant equipped with a single 705 MWt (200 MWe)
Magnox reactor, located in the central part of Italy on the Tyrrhenian sea. The coolant
is CO2 in closed circuit; it goes through the core from the bottom to the top.

Caorso is a nuclear power plant located in the northern part of Italy, equipped with a
boiling water reactor of 2650 MWt (860 MWe); Trino Vercellese is a nuclear power
plant located in the northern part of Italy, equipped with a pressurized water reactor of
870 MWt (270 MWe).

After the November 1987 referendum, the Italian Government decided to stop all the
plants and the owner was ordered to start the procedures to bring them into a passive
protective condition.

All the samples provided by the plants have been cut into small pieces (specimens):
some of them have been used in the decontamination tests and some in the
metallographic characterization. The results of the decontamination tests are related to
the Co-60.
All the activities were conducted in the JRC laboratories at Ispra.

As there is the possibility that part of the contamination could be lost during the
manipulation of the samples, i.e. packaging, transport, cutting etc., supplemental
radiometric measurements were performed on the sample provided by Trino V. before
and after its cutting, in order to evaluate the amount of the contamination that could be
lost during these operations.
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2. EXPERIMENTAL

2.1 Decontamination tests

The decontamination tests performed can be grouped in two categories:

1 - Tests to evaluate the consistence and the adherence of the oxide
by using mechanical actions (air flow, wiping, ultrasonic cleaning);

2 - Tests to evaluate the effectiveness of chemical processes alone
or combined with mechanical or electrical actions (soft chemical
decontamination, aggressive chemical decontamination, joint
ultrasonic and chemical decontamination, electrodecontamination).

Acid solutions and operating conditions have been established according to the results
of analogous experience in the past.

Air flow: this test enables to evaluate the volatile fraction of the deposit that could be
accidentally resuspended during dismantling, transport and packaging operations.
The apparatus consists in a pump-generated air flow that impinges on the specimen at
17, 23, 35 and 46 m/s, at room temperature for 30 minutes.

Abrasive wiping: this test enables to evaluate the smeareable fraction of the deposit.
Wiping was performed with a sheet of paper, 3 m long with an average speed of 0.25
m/s and 100 g/cm2 load.

Ultrasonic cleaning: this test removes the more adherent deposit. The specimen is
housed in a beaker filled with water, placed in a ultrasonic tank containing water.
Operating parameters were: 40 KHz frequency, 25 W/l specific power, 60 minutes test
time at room temperature.

Soft chemical decontamination: this test was carried out using a mixture of oxalic and
citric acid 3+3% at 80 C for 360 minutes.

Aggressive chemical decontamination: this test dissolves part of the deposit, the oxide
and the base material.
It was performed using a mixture of 3% hydrofluoric and 15% formic acid at room
temperature for 120 minutes.

Joint ultrasonic and chemical decontamination: the test was performed using a mixture
of 3% hydrofluoric and 15% formic acid in the ultrasonic tank previously described, at
room temperature for 90 minutes.

Electrodecontamination: the test was performed using a mixture of 3% hydrofluoric and
15% formic acid in a beaker with a current density of 60 mA/cm2, at room temperature
for 60 minutes.

2.2 Metallographic characterization

Metallographic characterization has been carried out using scanning electron
microscopy (SEM), optical microscopy (OM) and electron micro-probe analysis with an
X-ray spectrometer working on the energy dispersion principle (EDS).
The specimens used in the cross section optical microscopy and SEM analysis were
embedded in a slowly hardening epoxy resin. After 24 hours hardening, they were
polished with papers and diamond pastes.

Next sections illustrate the results obtained for each plant.
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3. EXPERIMENTAL RESULTS FROM LATINA

3.1 Nature of the samples

The samples provided by the plant are in carbon steel and consist of 4 pieces of finned
tubes, 70 mm diameter and 120 mm long, and 2 pieces of plate, 150 x 110 x 5-8 mm,
taken from boiler n.2.

Table 3.1.1 - Characteristics of the samples from Latina

Sample N.

Shape
Weight (g)
Oper. temp (C)
Int. press, (bar)
Ext. press, (bar)
Co-60 (Bq/cm2)
Cs-137(Bq/cm2)
Sr-90 (Bq/cm2)
Fe-55 (Bq/cm2)

.:. • : 2 ; . ' . : : , :

F. T.
1450
360
13.8
12.5

23
8.5
8.3
120

Plate
950
360

-
12.5

23
8.5
8.3
120

5

FT.
1200

190
6.5

12.5
4.5
2.5
1.1
21

6

FT.
1200
220
13.8
12.5
5.3
4.1
1.8
30

FT.
1450
325
46

12.5
21
18
23
70

\ 8 .-.
Plate
800
255

-
12.5

21
18
23
70

FT. = Finned tube

All the samples were cut into small specimens. Part of them were used for
metallographic characterization and part for decontamination tests.

3.2 Metallographic characterization results

Sample N.2
The surface is covered with a uniform black deposit. The particle size is 1 jim for single
particles and 5-10 urn for agglomerates. The average composition of the deposit is
44% Fe; 23% O2; 29% C, measured on the surface, and 44% Fe; 40% O2; 15% C,
measured on the cross section .
The thickness of the oxide is 40-50 îm on the fin surface and 200 urn at the base of the
fins.

Sample N.4
Both sides of the surface are covered with a black deposit. The particle size is 1 (am for
small particles, 3-5 îm for agglomerates and 20 |im for large particles.
The average composition measured on the surface of the deposit is 31 % Fe; 18% O2;
45% C.
The thickness of the oxide is 100-150 urn, with high carbon concentration particles
embedded.

Sample N.5
The surface is covered with a non uniform, friable and scarcely adherent deposit.
To obtain more significant information, the characterizations were performed on three
specimens:

Specimen N.83: is covered with a uniform black deposit. The particle size is 1-3 \xm
for single particles; 10-15 |am for agglomerates and large particles.
No significant oxide thickness;
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Specimen N.93: is covered with a very thin deposit and spongy islands. The
particle size is 5 urn. No significant oxide thickness;

Specimen N.95: is covered with a very thin deposit. The particle size is 5 jim. The
thickness of the oxide is 30-50 |am.

Sample N.6
The surface is covered with a black deposit. The particle size is 1-2 pirn for single
particles and 5-10 |im for agglomerates.
The average particle composition is 20% Fe; 23% O2; 55% C.
The thickness of the oxide is 40-50 \irr\ on the fin surface and 250 ^m at the base of the
fins.

Sample N.7
The surface is covered with a black deposit with white particles. The particle size is 1-3
îm for single particles and 5-10 p.m for large particles and agglomerates.

The average particle composition is 60% Fe; 20% O2; 20% C.
Thickness of the oxide on the fin surface is 30-50

Sample N.8
Both sides of the surface present a uniform black deposit, consisting of large islands of
100-200 (am partially covered with 1-3 urn for particles.
The thickness of the oxide is 100-150 pirn on both surfaces.

3.3 Decontamination test results

The following table reports the results of the average, the maximum and the minimum
value of the decontamination efficiency referred to all the samples:

Table 3.3.1 - DE% for the samples from Latina

Decontamination test

Air flow
Abrasive wiping
Ultrasonic cleaning
Soft chemical decontamiantion
Aggressive chemical decont.
Joint ultrasonic & chemical decont.
Electrodecontamination

DE%
(ave)
12.6
59.8
62.1
13.2
45.7
84.9
58.6

DE%
(max)
26.5
99.3
94.6
25.0
85.8
99.4
96.6

DE%
(min)

3.6
33.1

6.7
3.0

12.9
51.4
22.7

DE% = (1-Af/Ai)*100 Ai = count rate before the test; Af = count rate after the test

3.4 Conclusions on Latina samples

An average of 60% of Co-60 contamination can be removed by weak mechanical
actions. Aggressive chemicals provided an average DE% around 50%. The best results
were obtained by means of the joint ultrasonic and chemical technique, that provided
an average DE% around 85%.

The oxide thickness is:
-100-150 jam on the plate samples;
- 30-50 [xm on the fin surface of the tubes;
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- 200-250 \xm on the base of the tubes.

The deposit and the oxide contain some particles probably coming from the graphite in
the moderator.

4. EXPERIMENTAL RESULTS FROM CAORSO

4.1 Nature of the samples

Part of the samples provided by the plant are in stainless steel and part in carbon steel.
They consist of seal disks of stop valves coming from an auxiliary line of the main
steam system (N22), from clean up (G33), spent fuel pool (G41), radwaste (G11) and
feedwater (N21) systems.

Table 4.1.1 - Characteristics of the samples from Caorso

Sample N.
System
Material
Oper. temp (C)
Press, (bar)
Co-60 (Bq/crn2)

G33
SS

35-130
20-90
3.0E4

N22
CS

150-160
4

0.5

3
G41
SS

25-40
6

1.2E3

4
G11
CS

25-30
4

3.5E3

, . s :•:

N21
CS

30-40
6-7
1.5

SS = stainless steel; CS = carbon steel

All the samples were cut into small specimens and the two horizontal sides were
named "A" and "B", where the side "A" corresponds to the opposite of the seal face of
the shutter disk and the side "B" corresponds to the seal face of the shutter disk. Part of
the specimens were used for metallographic characterization and part for the
decontamination tests.

4.2 Metallographic characterization results

Sample N.1 (stainless steel)
The surface is covered with a uniform deposit and the average particle size is 10 urn.
The EDS analysis indicates the presence of clorides and sulphates of Al, Na, K,
probably originated by the evaporation of water on the surface of the sample.
The oxide is too thin to be measurable.

Sample N.2 (carbon steel)
The surface is covered with a deposit and the average particle size is 1.5 |am.
Measurements of the oxide thickness performed on two specimens gave the following
results:

specimen N.1: two layers of 20 and 125 urn on side A and one layer of 10 urn on
side B;

specimen N.2: three layers of 15, 50 and 150 |im on side A and one layer of 1.5 urn
on side B.

The difference in the thickness of the oxide on the two sides of the same specimen is
due to their different operation conditions.
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Sample N.3 (stainless steel)
The surface is covered with a non uniform deposit. Two kinds of particles are found on
the deposit: small particles of 0.5 ^m containing Fe, Ni, Cr and Si and bigger particles
of 5 urn containing a mixture of iron oxides and in some cases also Si and Mg.
The thickness of the oxide is 25 urn on side A and 3 urn on side B.

Sample N.4 (carbon steel)
The surface is covered with a deposit of mixed iron oxides; the average particle size is
3.5 urn. The analysis indicates the presence of silicon.
The thickness of the oxide, measured in this sample only on side B is 10 urn.

Sample N.5 (carbon steel)
The surface is covered with a uniform deposit. The average particle size is 2 ^m.
The cross section analysis shows that there are two layers of oxide, 45 and 100 |j.m
thick on side A and one layer of 15 urn on side B.

4.3 Decontamination test results

The tests have been performed separately on side A and B of each specimen and the
results are summarized in the following table:

Table 4.3.1 - DE% for the samples from Caorso

Decontamination test

Airflow
Abrasive wiping
Ultrasonic cleaning
Soft chemical decont.
Aggressive chemical decont.
Joint ultrasonic & chemical dec.
Electrodecontamination:

Side A
DE%
(ave)
34.1
82.9
61.8
58.0
91.4
97.7
95.1

DE%
(max)
63.6
95.8
97.5
79.0
99.9
99.9
99.7

DE%
(min)

5.4
72.7
11.7
41.1
80.6
90.9
90.9

StdeB
DE%
(ave)
25.0
81.0
82.2
49.2
72.7
97.1
94.2

DE%
(max)
63.6
87.1
88.0
40.4
99.2
99.9
99.9

DE%
(min)

3.3
72.7
76.9
55.5
22.1
90.9
90.9

DE% = (1-Af/Ai)*100 Ai = count rate before the test; Af = count rate after the test

4.4 Conclusions on Caorso samples

More than 80% of the Co-60 contamination can be removed by weak mechanical
actions. Joint ultrasonic & chemical technique and electrodecontamination are very
effective and remove more than 94% of the contamination.

Part of the oxide on the samples comes from other systems of the plant.

The oxide thickness on the two sides is different (about one order of magnitude),
because of their different operation conditions. Further, the oxide on side B has a lower
thickness than that on side A and samples in carbon steel have an oxide thickness
greater than that of samples in stainless steel.

The contamination is not uniformly distributed on the surface of the samples.

There is no evidence of localized corrosion on the samples.
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5. EXPERIMENTAL RESULTS FROM TRINO VERCELLESE

5.1 Nature of the sample and contamination loss evaluation

The sample provided from the plant is a part of an electrical heater of the pressurizer
and consists of a stainless steel tube, 400 mm long, <j> = 17 mm.

Table 5.1.1 - Characteristics of the sample from Trino V.

Material
Oper. temp (C)
Press, (bar)
Co-60 (Bq/cm2)

SS
336
140.6
1.7E4

Other than metallographic characterization and decontamination tests, on this sample
it has been measured also the amount of contamination that could have been lost
during its manipulation in the laboratory.

The procedure used for the measurement followed these steps:

a) evaluation of the counting profile along the axis of the sample: this was performed
using a Nal detector with a lead shield 2 m long and 4 cm thick between the detector
and the sample. The shield has a hole of 2.5 cm in diameter to allow to count the Co-60
radiation from the portion of the sample in front of the detector, as illustrate in Fig.5.1.1

shield Nal detector

Fig. 5.1.1 - Measurement system

b) evaluation of the contamination profile along the axis of the sample: this was
obtained subtracting to the counts of the portion of the sample in front of the detector
the counts due to the radiation coming from the other portions of the sample that
crosses the shield and reaches the detector.
For this purpose, it has been necessary to determine experimentally a "transfer
function", which value for a generic position is defined as the ratio between the counts
of a source placed in that position and the counts of the same source when placed in
front of the detector, as shown in Fig.5.1.2.

shield Nal detector

souce positions k-j k-2 k-1 k k+1 k+2 k+3 etc.

Fig. 5.1.2 - Positions of the source to determine the transfer function
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As an example, in position k-1 it is: f(k-1) = counts(k-1 )/counts(k).
By definition, f(k) = 1.

The counts for each portion of the sample when faced to the detector is given by:

Cm(k) = f(k) * C(k) + f(k+1) • C(k+1) + f(k+2) * C(k+2) + ...f(k+j)

+ f(k-1) - C(k-1) +f(k-2) * C(k-2)+ ..f(k-j) • C(k-j)+

where:

Cm(k)

C(k±j)

f(k±j)

are the counts measured for the portion K in front of the detector. They include
the contribution of the other portions of the sample not faced to the detector;
are the counts (unknown) for the portion K±j when placed in front of the
detector, without the contribution of the other portions;
are the values of the transfer function in each position.

Applying these equation to each portion of the sample, one obtains a linear system of
equations that can be easily solved and the solution gives the counts for each portion
due to its contamination, without the contribution of the other portions.

c) cutting of the sample into 16 specimens (numbered for other practical reasons from 5
to 20), each 2.5 cm long;

d) counting of each specimen and comparison with the counts of the sample portion
corresponding to the position occupied by the specimen before cutting the sample,
obtained from the system of equations described before.

The difference between b) and d) is related the amount of the activity lost during the
manipulation of the sample.

The following table shows the ratios between the counts before and after the cut of the
sample:

Table 5.1.2 - Ratios of the counts before and after the cut

Specimen
number

5
6
7
8
9

10
11
12

bef. cutting
aft. cutting

1.379
1.617
1.197
1.108
0.965
0.961
1.132
0.828

Specimen
number

13
14
15
16
17
18
19
20

bef. cutting
aft. cutting

0.971
0.897
0.996
0.891
0.936
0.930
1.005
0.828

In there would be no loss of contamination, all the ratios should be 1. Instead, the
results are sometimes greater than 1 and sometimes lower than 1.
When the ratio is greater than 1 this is due to the sistematic and statistical errors
connected to the measurements, while when the ratio is lower than 1 it is not possible
to say if this is due to the errors or to a loss of contamination.
In any case it is possible to say that if there was a loss of contamination this is not
greater than 5-10%.
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5.2 Metallographic characterization results

Specimen N.6
The surface is covered with a non uniform deposit consisting in mixed chromium and
iron oxides. The average particle size is 2-4 urn. Supplemental XRD analysis indicates
that the iron oxide in mainly in the magnetite form.
The cross section analysis shows two layers of oxide: the inner one is 2 jam thick with
presence of chromium oxides, the outer one is 7 \xm thick.

Specimen N.15
The surface is covered with a deposit. The particle size is in the range 0.1-5 jam.
The cross section analysis shows only one layer of oxide 2 jim thick.
XRD analysis indicates that the iron oxide is magnetite.

5.3 - Decontamination test results

The results obtained in the decontamination tests are reported in the following table:

Table 5.3.1 - DE% for the sample from Trino V.

Decontamination test

Air flow
Abrasive wiping
Ultrasonic cleaning
Soft chemical decont.
Aggressive chemical decont.
Joint ultrasonic & chemical dec.
Electrodecontamination:

DE%
(ave)
3.8

30.7
25.6
12.6
60.8
84.9
99.9

DE%
(max)
5.5

40.7
30.7
16.3
67.8
88.2
99.9

DE%
(min)
2.1

20.7
20.4

8.9
53.8
81.6
99.9

DE% = (1-Af/Ai)*100 Ai = count rate before the test; Af = count rate after the test

5.4 Conclusions on Trino V. sample

More than 30% of Co-60 contamination can be removed by weak mechanical actions.
Aggressive chemicals remove about 60% of the contamination, joint ultrasonic and
chemical technique about 85%.

Electrodecontamination is very effective and removes more than 99% of the
contamination.

XRD analysis indicates that part of the oxide is magnetite.

The loss of contamination during the manipulation of the sample in the laboratory, if it
occured, is not greater than 5-10%.

6. SUMMARY

The activity was performed to characterize stainless steel and carbon steel samples
provided by a GCR, a BWR and a PWR nuclear power plants. Each sample has been
characterized either in morphology or in mechanical properties.
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Joint ultrasonic & chemical technique and electrodecontamination appear to be a very
effective tools and remove the most of the contamination.
On the sample provided by Trino V. it has been also evaluated the amount of
contamination lost during the manipulation in the laboratory. The results show that it is
not greater than 5-10%.
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