OAK RIDGE MNATIONAL LAB

POST OFFICE
PERATED BY MARTIA MARIETTA ENFRLY E ’
€ ) EPARTVENT OF ENERQY

BOX 2008

DAK RIDGE TENKESSEE 37

nte

(844

mferential directions in a lattice
shallow
is tube was a "ro phenomenon was not

Q
was the

VT sial
sreantt
iicrentia

g progra

baseline scan. A testin

00% nspect
’ .
was recommended o eliminate

occurrence

L




Emmett Murphy 2 February 21, 1992

classified as a manufacturer's
burnishing mark (MBM), and
ignored. The tube had also
been inspected wusing the
MRPC, but the results had not
been reviewed by the proper
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persornel before the unit was

returned to power. The defect
in tube R47C46 in generator D

was very similar to the tube

L

R18C25 in generator B, with the  Figure 1 MRPC scan of the leaking tube, R47C Boisrn s

exception that the plant was
shut down before a tube rupture due to the new, more stringent leak rate rules. A plot of the
MRPC scan of tube R47C46 made after the leak is shown in Figure 1.

Growth rate of the defect McGuire 1 has used 100% bobbin coil inspection of the full length of the
tube since the 1989 tube rupture. The 1990 inspection, the last one before the 1991 inspection that
detected the Jefect, showad no trace of the defect at the location of the leak. There was a possible
precursor indication of the 35 Khz absolute channel that could have been caused by a ferromagnetic
deposit on the tube or a ferromagnetic region of the tube, but the signal could also be due to random
noise. Several indications were also found in the leaker tube near the 1 5th tube support. There was
no sign of these indications either on the 1990 scan of the tube, indicating that they were of the same
fast growing phenomenon. On the basis of the lack of a signal in 1990, the phenomenon could grow
in as fast as several week’s time to full wall penetration. The eddy-current depth measurement made
using the 400kHz differential signal from the bobbin probe during the 1991 outage was 85%, with
a voltage amplitude of 1.7 volts, as shown in Figure . The depth measurement after the leaker was
98%. with a voltage of 7.0 volts, as shown in Figure 3. This would indicate that the defect grew at
a rate ot about 13% per month, although the growth rate would probably be uon-linear in this range.
There are also considerable uncertainties in the eddy-current measurements, but this is the best data

available,
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Ax ' et indication was found in tube 14-97 of C steam generator. This tube had been pluggeu at
the 1991 outage. It showed indications as far back as 1988 and should have been plugged at an
earlier outage. However, a *S to 1" signal to noise category had been established at McGuire that
allowed the tube to remain in service. This tube showed essentially the same signal in 1989 as it did
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Figure 2 Tube R47C46 hefore the leak Figure 3. Tube R47C46 after the leak

in 1991, except the noise was lower (The category of "5 to 1" has been dropped by the utility}. This
indication shows very little growth, but it may be a different type of phenomenon.

Possible growth scenario One possible scenario is that a small groove that was too small to be easily
seen by eddy currents was inscribed into the tube during manufacturing. An axial groove is visible
on the scan of tube R47C46 between the 19th and 20th tube support plate that has the same
circumferential location as the crack. However, 1 was told that this type of incication appears on
many of the tubes. This groove accumulated deposits during operation and the chemicai
¢oncentration of the deposits initiated the IGSCC. The time for the matenial to concentrate in the
groove and to initiate the corrosion is on the order of several years, but the time require for the
corrosion to propagate through the tube wall once it has started may be on the order of several
months. However, at the time, this scenario is only speculation. The tube that ruptured in 1989
appeared to have a long scratch mark, and the tube that leaked in 1992 also had a long mark. The
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Although the analysts were qualified on the particular plant that they are analyzing, the switching
from one plant to another may cause confusion. This would be particularly true for the management
personnel.
Recommendations:
1. The category of *S to 1" has been dropped by the utility, as it should have been. However,
this category has been used in all of the inspections at Duke Power’s other plants. The
category should be dropped for all of the plants and the data from the other plants should
be re-evaluated without this category.

< The Zetec three coil rotating pancake coil does a much better job a. distinguishing
between axial cracks and other types of degradation. It should be used for this inspection.
However, since the tube rupture in 1989 showed a network of botb circumferential and axial
cracks, some response should be expected on the circumferential coil.

3. A formal written procedure should be developed for the MRPC to determine which tubes
have cracks. Again, allowances should be made for the cracks going in both direc..ons.

4. The utility needs a more {ormalized procedure for plugging so that defective tubes do not
get left off of the plugging list.

5. Tue normal work day during an outage is 12 hours a day for both the data analyst and the
supervisory personnel. A work day this long can lead to mistakes. Some consideration should
be given to shortening the work day.

6. Some of the earlier scans appeared to have excessive probe wobble. For example, the
scans of tube R47C46 of steam generator D that were made on September 30, 1991, were
much noisier than those made on January 23, 1992. This is an industry wide problem which
should be corrested at all of the power plants. A probe wear standard, similar to what is
being proposed for the alternate plugging criteria, should be developed and automatically
applied in the inspection.
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7. Since the MRPC seems to be better at detecting this type of defect than the bobbin probe,
an array probe with more pancake coils (16 for example) may give tha sensitivity of the
MRPC inspection with the speed of the bobbin cci! inspection. This probe is not available
at this time, but shoi 1 be developed by the industry.

8. Due to the apparent fast growth rate of this phenomencn a reduced operating cycle on
the order of 6 months would be prudent.

Sincerely yours,

Cosia V. Ddd
Caius V. Dodd
Nondestructive Testing Group

Metals and Ceramics Division
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