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On March 23, 2000, Indian Point Unit 2 steam generator inspection results were classified as
Category C-3 in accordance with Technical Specification Table 4.13-1. Indian Point Unit 2
was manually shutdown on February 15, 2000 due to the detection of a primary to secondary
leak in 24 steam generator. Eddy current inspections of all active steam generator tubes
were subsequently initiated following the plant shutdown. On March 23, with approximately 90
percent of the inspections performed, 21 and 24 steam generators were determined to have more
than 1 percent of their tubes inspected defective. Per Technical Specification Table 4.13.1,
a steam generator would be classified as Category C-3 if more than 10 percent of the total
tubes inspected were degraded, or if more than 1 percent of the tubes inspected were
defective. The majority of the indications were located at the support plate intersections
and at Row 2 U-bend areas. Several improved inspection techniques have been used to assess
steam generator tube degradation, including ultrasonic testing and use of high frequency eddy
current inspection probes. These inspections are currently ongoing. Recent evaluations have
also confirmed that the root cause for the tube failure in 24 steam generator was Primary
Water Stress Corrosion Cracking (PWSCC) in the apex of the U-bend region of the tube
identified as Row 2 Column 5.

This report is being made per 10 CFR 50.73(a)(2)(ii)(A) as a condition that resulted in the
nuclear power plant being in an unanalyzed condition that significantly compromises plant
safety. Pursuant to 10 CFR 50.72(b)(2)(I), this condition was reported to the NRC on March
23, 2000.
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PLANT AND SYSTEM IDENTIFICATION:

Westinghouse 4-Loop Pressurized Water Reactor

EVENT IDENTIFICATION:

Steam Generators 21 and 24 Classified
4.13-1

as Category C-3 per Technical Specification Table

EVENT DATE:

March 23, 2000

REFERENCES:

Condition Report (CR) No. 200002049

PAST SIMILAR EVENTS:

None

EVENT DESCRIPTION:

On March 23, 2000, Indian Point Unit 2 steam generator inspection results were classified
as Category C-3 in accordance with Technical Specification Table 4.13-1 and a 10 CFR 50.72
notification to the NRC was made.

Indian Point Unit 2 was manually shutdown on February 15, 2000 due to the detection of a
primary to secondary leak in 24 steam generator. Eddy current inspections of all active
steam generator tubes were subsequently initiated following the plant shutdown. On March
23, with approximately 90 percent of the inspections completed, steam generators 21 and 24
were determined to have more than 1 percent of the tubes inspected defective. Per
Technical Specification Table 4.13.1, a steam generator would be classified as Category C-3
if more than 10 percent of the total tubes inspected were degraded, or if more than 1
percent of the tubes inspected were defective. The majority of the indications were
located at the support plate intersections and at row 2 U-bend areas.

On March 31, 2000, a 50.72 follow-up notification regarding the status of in-situ pressure
testing on 24 steam generator was made. Although originally reported as a failure of the
three-delta pressure requirement, subsequent review of test data concluded that the
required performance criteria were met. This testing is required to support preparation of
the Condition Monitoring Operational Assessment.

Currently both eddy current inspections and in-situ pressure testing of the steam
generators remain in progress.

---NHR FORM 366A (6-1998)
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EVENT ANALYSIS:

This report is provided in accordance with Technical Specification Table 4.13-1 which
requires NRC notification if more than one steam generator is classified as Category C-
3. On March 23, 2000, eddy current inspection results on 21 and 24 steam generators

were determined to be Category C-3. In 21 steam generator, a total of 41 indications
(40 at the support plate intersections and 1 in the U-bend) were detected. In 24 steam
generator, a total of 39 indications (36 at the support plate intersections and 3 in the
U-bend) were detected. 100 percent eddy current tube examinations of all active steam
generator tubes are currently being conducted.

Degradation Assessment

The following active degradation mechanisms were previously identified at Indian Point
2:

1) Denting at TSP (tube support plate) intersections
2) Pitting in the sludge pile region at the TTS (top of tubesheet)
3) VOL (volumetric) indications in the sludge pile region
4) PWSCC in the roll expanded regions
5) PWSCC and ODSCC at the TSP intersections
6) ODSCC in the tube crevice region
7) PWSCC in Row 2 U-bends
8) Tube wear at AVB (anti-vibration bar) intersections

Primary Water Stress Corrosion Cracking (PWSCC) in the Row 2 U-bend region was first
observed during the 1997 examinations. The location of the primary to secondary leakage
in 24 steam generator was determined to be at the U-bend apex of the Row 2 Column 5
(R2C5) tube. Evaluations have concluded that the root cause of the tube failure was
Primary Water Stress Corrosion Cracking (PWSCC). This conclusion was based upon a
review of previous and present eddy current test data, industry experience, and
evaluation of the maximum tube stresses consistent with inside diameter cracking. The
current inspections have identified additional indications of Outside Diameter Stress
Corrosion Cracking (ODSCC) / intergranular attack (IGA) in the tube crevice region.
Consequently, the original examination program for this region has been expanded. Data
acquisition and analysis currently remains in progress.

A contributing factor which led to the occurrence of the R2C5 tube failure was the
inability to detect a relatively large discontinuity during the 1997 inspections. This
was principally due to the geometry of the low row U-bends, and to the presence of
deposits on the tubes. Review of the 1997 data indicates that background noise in the
eddy current signal masked the flaw in the R2C5 tube. Masking of the flaw was due to
signal distortion (noise) caused by deposits (magnetite, copper) on the tube end, and
potentially, ovalization of the tube. A reduction in this noise level was achieved
during the current inspections with the use of a high frequency 800 kHz Plus Point
probe.

NRC FORM 366A (61998)
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Stress Evaluations

A preliminary analysis of the low row U-bends, R2, R3 and R4, was initiated with the

objective to evaluate the sensitivity of the tube stresses to pinching of the straight

legs resulting from hourglassing of the tube support plate flowslots. The results of
this analysis support the observation that the leak is due to PWSCC at the apex of the

tube, since the point of maximum predicted stress is at the apex of the extrados of the
tube. The stress results also indicate that Row 3 tubes are expected to be less

susceptible to PWSCC due to the larger TSP displacement required to reach the maximum
stress condition, and because of the lower displacement of the tube legs due to TSP

hourglassing as compared to the Row 2 tubes.

Inspection Techniques

Several improved inspection techniques have been used to assess steam generator tube

degradation and to establish corrective actions to reduce the probability of future tube

degradation. These techniques include the qualification and use of a high frequency,
800 kHz Plus Point probe to supplement the conventional Plus Point low row U-bend

examinations, ultrasonic testing of select sludge pile indications, stress analysis

modeling of the upper tube support plate and U-bend area, and the installation of new
hillside ports in 21 and 24 steam generators to further evaluate degradation at the

sixth tube support plate.

Pluggable Tube Summary

Based upon the inspection results conducted to date, the total number of additional

pluggable tubes is approximately 465. This represents an overall average plugging
equivalent of 15 percent. The overall average percent plugging equivalent following the
1997 inspection was 10.2 percent. Pending completion of the current inspections,
additional tubes may be designated for plugging.

Condition Monitoring Operational Assessment

This assessment is currently being developed and when finalized, a summary of its

results will be provided in a supplement to this report.

EVENT SAFETY SIGNIFICANCE:

This report is being submitted in accordance with Technical Specification Table 4.13-1

which requires NRC notification if more than one steam generator is classified as
Category C-3. The actual safety consequences and implications of this required

notification are not significant. Based upon the analysis of data collected during the

current inspections, an assessment of the plant's steam generators, including

degradation mechanisms, will be performed. A summary of the results of the Condition
Monitoring Operational Assessment will be provided in a supplement to this report.

NRC FORM 366A (6-1998)
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CORRECTIVE ACTION:

In accordance with Indian Point Unit 2 Technical Specification 4.13, steam generator
tubes not considered acceptable for continued service shall be plugged or repaired. A
comprehensive report detailing the results of the current examinations, including

corrective actions, will be submitted to the NRC in accordance with Technical

Specification 4.13.C.2.


