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On March 11, 2000, with Turkey Point Unit 3 in a refueling outage, eddy current

testing of the Unit 3 steam generators identified that more than one percent of the

first sample (1 tube of 96 tubes selected) in the B steam generator exceeded

program acceptance criteria. This placed the B steam generator inspection results

into Category C-3. As required by the Turkey Point Technical Specifications

3/4.4.5, "Steam Generators," Table 4.4-2, a 4-hour, non-emergency report to the

Nuclear Regulatory Commission was made pursuant to 10 CFR 50.72(b)(2)(i).

The inspection of the three steam generators was completed on March 16, 2000. A

total of 69 tubes in the three steam generators were plugged as a result of this

inspection. Five of these tubes were plugged due to mechanical wear at the anti-

vibration bars in the u-bend; one of these tubes exceeded the plugging limit

specified in the Turkey Point Units 3 and 4 Technical Specification, Section

4.4.5.4.a, and the other four were preventatively plugged prior to exceeding the

limit. The remaining 64 tubes contained possible corrosion degradation or original

manufacturing indications, and were plugged on detection. Turkey Point maintains a

comprehensive steam generator program to minimize steam generator tube degradation.
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Event Description

On March 11, 2000, with Turkey Point Unit 3 in refueling shutdown, eddy current

testing of the three Unit 3 steam generators [AB:SG] identified that more than

one percent of the first sample (1 tube of 96 tubes selected) in the B steam

generator exceeded program acceptance criteria. This placed the B steam

generator inspection results into Category C-3. As required by the Turkey

Point Technical Specifications 3/4.4.5, "Steam Generators," Table 4.4-2, FPL

made a 4-hour, non-emergency report to the NRC pursuant to 10 CFR

50.72(b)(2)(ii). The inspection of the three steam generators was completed on

March 16, 2000. A total of 69 tubes in the three steam generators were plugged

as a result of this inspection. The total number of tubes plugged include 25 in

steam generator A, 28 in steam generator B, and 16 in steam generator C. Five

of these tubes were plugged due to mechanical wear at the anti-vibration bars

in the u-bend; one of these tubes exceeded the plugging limit specified in the

Turkey Point Units 3 and 4 Technical Specification, Section 4.4.5.4.a, and the

other four were preventatively plugged prior to exceeding the limit. The

remaining 64 tubes contained possible corrosion degradation or original

manufacturing indications, and were conservatively plugged on detection since a

qualified depth sizing technique is not available.

Background

The Turkey Point Unit 3 steam generators are Westinghouse replacement Model 44F

units that were placed in service in 1982. The replacement units include

improvements in design and materials over the original units, including alloy

600 thermally treated tubing, low stress tube-to-tubesheet hydraulic expansion

joints, and stainless steel quatrefoil tube supports.

This inspection was the 10th inspection of the current steam generators. The

operating age of the steam generators was approximately 12.2 Effective Full-

Power Years.

Inspection Scope and Results

The planned outage scope was designed to meet Technical Specification

requirements as well as the FPL Steam Generator Integrity Program. This is the

first outage that enhanced inspections were conducted in accordance with the

current standards of industry good practice.

The planned scope for the Spring 2000 Unit 3 outage inspection included bobbin

coil techniques for the full length of 50% of the tubes in each steam generator,

including all tubes with known degradation, i.e., mechanical wear at anti-

vibration bars. In addition, rotating probe techniques were planned for 20% of

the hot leg top-of-tubesheet (HL TTS) area, row 1 and 2 U-bends and hot leg

dents for each steam generator. The 20% HL TTS inspection was subdivided into

first, second and third samples of 3%, 6% and 11% respectively to determine

sample results in accordance with Technical Specification Table 4.4-2. This was

the first inspection in which extensive rotating probe inspection of the HL TTS

area was being conducted.

NRC FORM 366A f6-1998)
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On March 11, 2000, a volumetric indication was reported near the secondary face

of the tubesheet in the B steam generator. The indication reported was located
in a tube that was selected for the first sample, which included 96 tubes.

Because this single defective tube resulted in a greater than 1% defective

classification (Category C-3), FPL made a 4-hour, non-emergency report to the

NRC as required by Turkey Point Technical Specification 3/4.4.5 and 10 CFR

50.72(b)(2)(ii). Expansion to 100% of the B steam generator HL TTS was also

required by Turkey Point Technical Specification 3/4.4.5. In addition a sample

equal to 6% in the other 2 steam generators was required.

On March 12, 2000, as the expanded inspection in steam generator B proceeded,

additional volumetric and circumferential indications were reported. The

circumferential indications were reported as originating on the outside

diameter (OD) and inside diameter (ID) surface of the tubing.

In steam generator A, the initial planned 20% HL TTS inspection bounded the 6%

HL TTS inspection required by Turkey Point Technical Specifications as a result

of the C-3 classification in the B steam generator. The results of the first

sample inspection did not identify any indications. The results of the second

sample inspection (contained within the 20% inspection) placed the A steam
generator in category C-2, requiring a third sample of 12% HL TTS, in

accordance with the Turkey Point Technical Specifications. The third sample
was also classified category C-2, but no further expansion was required by

Technical Specifications. The total first, second and third samples completed
equaled 21% of the total HL TTS tube population. While Technical

Specifications did not require expansion beyond the 21% HL TTS sample in steam

generator A, expansion to 100% HL TTS was determined to be an appropriate

action based on current industry guidance.

No indications were reported in the 20% HL TTS sample of steam generator C.
However management determined a 100% HL TTS inspection was prudent in steam

generator C based on the results from steam generator A and B.

The examination was concluded on March 16, 2000. A summary of the inspection

findings and the total number of tubes plugged during this inspection were as

follows:

Steam Circumferential Volumetric Wear Total

Generator Inside Diameter (ID) Outside Anti- Plugged
Outside Diameter (OD) Diameter (OD) Vibration

Bar
A 7 ID, 3 OD 13 OD 2 25

B 2 ID, 3 OD 22 OD 1 28

C 6 ID, 2 OD 6 OD 2 16

All volumetric and circumferential indications were detected by the rotating

probe, and generally were not detectable by the bobbin probe technique due to

their proximity to tube geometry changes at the HL TTS.

NRC FORM 366A (6-1998)
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The indications were located very near the top-of-tubesheet on the hot leg.
The circumferential indications are characterized as initiated from the ID of

some of the tubes and the OD of others. The volumetric indications are noted
only on the OD of the tubing. Wear at anti-vibration bar contacts in the U-
bend and mechanical damage due to loose parts have been the only damage
mechanisms reported in prior inspections.

Steam generator tubes with circumferential and volumetric indications were
plugged on detection. Additionally, tubes with indications of wear that
exceeded, or were predicted to exceed the through-wall limit of Plant Technical
Specifications during cycle 18 operation were also plugged. Tube plugging,
including stabilization of circumferential indications, was concluded on March
16, 2000.

Cause of the Event

An investigation was conducted to determine the cause of the tube degradation
identified during this inspection. This investigation included a review of the
steam generator design features, manufacturing information, inspection
techniques, and historical and current chemistry programs. Due to the lack of
prior rotating probe inspection data, and the limited number of defects
identified by the industry for thermally treated alloy 600 tubing, the results

are inconclusive for the circumferential and volumetric indications. Based on
the data evaluated, two potential causes can be considered; 1) the indications
are true indications generated by stress corrosion cracking and intergranular
attack; or 2) the indications are false positive indications induced from
manufacturing anomalies or deposits that exist at the top-of-tubesheet, or by
inspection techniques associated with the rotating probe. The number of
indications found is an inspection transient related to the first time extended
use of the rotating probe eddy current technology at Turkey Point.

It is conservative to conclude that some or all of the observed indications are
stress corrosion cracking and intergranular attack. Stresses necessary to
induce corrosion cracking and intergranular attack are most probably due to the

design / manufacturing of the steam generators, specifically the tube to
tubesheet joint. These stresses in combination with environmental conditions
may produce corrosive attack.

In addition, historical data and industry experience reviews are ongoing to
better assess the possible root causes including the possibility that false
positive indications were either induced from manufacturing anomalies existing
at the top-of-tubesheet, or from inspection techniques associated with the
rotating probe.

Safety Consequences and Safety Analysis Impact

The large break loss-of-coolant accident analysis of record assumes that 20

percent of the tubes in each steam generator are plugged. Including the tubes
plugged during the March 2000 outage, the following number of tubes (out of
3,214 for each steam generator) are currently plugged in each steam generator:

NRC FORM 366A (6-1998)
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Steam Generator

A

B

C

Total tubes plugged

45

56

51

% of tubes plugged

1.4

1.7

1.6

The plugging percentage for each steam generator remains within the current

Updated Final Analysis Report allowable limit of 20 percent. Also, evaluation

of the indications concluded that they would have performed adequately during

postulated accident conditions. Therefore, this event did not compromise the
health and safety of plant personnel or the general public.

Corrective Actions

1) The original inspection scope was expanded to cover 100% of the HL TTS in

all steam generators in order to provide a complete baseline with the
rotating probe technology.

2) Tubes with indications of potential corrosion degradation found
rotating probe technique were plugged and stabilized as needed.
tubes were plugged due to mechanical wear at the anti-vibration
the u-bend.

using a
Five

bars in

3) Historical data and industry experience reviews are ongoing to better

assess the possible root causes including the possibility that false
positive indications were either induced from manufacturing anomalies
existing at the top-of-tubesheet, or from inspection techniques
associated with the rotating probe.

4) The chemistry program is continually reviewed for enhancement
opportunities and compliance with the latest industry guidance. Turkey
Point has initiated the addition of ethenolamine (ETA) to reduce iron
transport to the steam generators.

5) Aggressive sludge removal techniques continue to be used, including high
volume bundle flushing.

Similar Events

There were no similar events reported for Turkey Point Units 3 and 4 since the

replacement of the steam generators in 1982 and 1983 respectively.

EIIS Codes are shown in the format [EIIS SYSTEM:IEEE component function
identifier, second component function identifier (if appropriate)]
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