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1.0 INTRODUCTION

North Anna Unit I shut down in January 1991 for a :,cheduled refueling outage
during which an inservice inspection of the steam generator (SG) tubes was
performed in accordance with Technical Specification 4.4.5. The results of
the SG tube inspections were found to be in Category C-3 (as defined in
Technical Specification 4.4.5.2) for each of the three steam generators.
Prompt notifications of these Category C-3 findings were provided to the NRC
staff on January 30, 1991 for SG B and on February 8,1991 for SGs A and C
pursuant to Technical Specification 4.4.5.5.c and 10 CFR 50.73.

By letter dated February 26, 1991, the licensee requested NRC approval to
return to power operation following this refueling outage. NRC approval is
required pursuant to Technical Specification Table 4.4-2 whenever the
inspection results for at least two of the three steam generators are
Category C-3. To support this requcst, the licensee met with the staff on
February 26, 1991 to discuss the inspection results and the licensee's
evaluation of these results.

2.0 DISCUSSION

primary-to-secondary leakage during the last operating cycle was relatively
low, reaching a maximum value of 16 gallons-per-day prior to the scheduled
refueling outage shutdown on January 11, 1991.

The refueling outage SG inspection program was extremely comprehensive,
consisting of the following elements:

o A 100% full-length inspection was performed with a bobbin coil probe
in all three steam generators,

o A 100% inspection of the tube-to-support plate i;itersections was
performed with an 8 x 1 probe on the hot la; side up to the 7th
support plate in SG B. The purpose of inese 8 x 1 probe inspections
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was to provide improved sensitivity to stress corrosion cracking (SCC)
activity at the support plate locations. Based on the results of
the SG B inspections, similar inspections were performed through the
fourth support plate in SGs A and C.

o A 'M 'uspection of the WEXTEX expansion-transition locations (at
th 'e of tubesheet) was performed with a rotating pancake coil
(RPw " probe on the hot leg side of each of the three steam
generators. These inspections were intended to provide sensitivity
to circumferential cracks at this location.

o An RPC probe inspection of all row 2 and row 3 U-bends was performed
to ensure optimal sensitivity to SCC at these locations,

o RPC probe inspections were performed for all tubes at locations
exhibiting bobbin and/or 8 x 1 indications to more fally characterize
these indications.

The number and attribution of pluggable indications found are as follows:

No. of Tubes with
Attribution Pluggable Indication

Cracks at WEXTEX transition
axial or circumferential 215

Sludge zone above WEXTEX transition 49

Axial indications at support plates 244

Circumferential indications at support plates 92

Other ,_6

TOTAL 606

The SG tube bundle integrity was reestablished by plugging each of the above
606 tubes, and by installing stabilizers in these tubes as necessary. Tube
stabilization criteria were developed based on analysis cf the maximum crack
arc-lengths which could be allowed, such that circumferential cracks would not
propagate to the point of complete severance of the tube subsequent to
plugging. These analyses considered axial loadings on th. plugged tubes due
to heatup/cooldown cycles (assuming the tubes no dented .t the tube support
plates) and flow-induced vibration loadings.

With the exception of four circumferential crack indications at the WEXTEX
transition, the "as-found" crack indications were determined by the licensee
and Westinghouse to be less than the limiting crack sizes for meeting the
structural performance criteria in Regulatory Guide 1.121. The licensee and
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Westinghouse believe the four exceptions at the WEXTEX expansion probably
reflect use of an 8 x 1 probe as the primary inspection method for inspecting
the WEXTEX transition during the previous refueling outage. Reexamination of
the previous 8 x 1 probe data indicates that many of the circumferential
cracks now being detected at the WEXTEX expansion with the RPC probe were
present during the previous refueling outage.

The licensee and Westinghouse have evaluated the growth rates of the WEXTEX
circumferential indications and the axial and circumferential indications at
the tube support plates. They project that average crack sizes at the end of
the next cycle will be within the structural performance margins in Regulatory
Guide 1.121.

The Technical Specifications for North Anna Unit 1 incorporate a very tight
limit (i.e.,100 gpd) on allowable primary-to-secondary leakage, in addition,
the licensee plans to continue to adhere to an administrative limit of 50 gpd.
As * ,5 been noted by the staff in previous safety evaluations, the staff
co. aders the licensee's program for monitoring primary-to-secondary leakage
to be very effective in terms of its ability to alert the operators in a
timely manner to an increasing trend in primary-to-secondary leakage. The
licensee's program includes the use of N-16 monitors which allows for
continuous monitoring of leakage in the control room.

The licensee concludes that the steam generators have been restored to operable
condition. Based on information available at this time, the licensee believes
that the inspection results do not preclude operation for the full cycle prior
to performing the next steam generator inspection. However, the licensee
concludes that further assessments are needed to substantiate its conclusion
that the steam generators can be operated for the full cycle. These
assessments include (1) evaluation of a tube specimen (containing support
plate circumferential crack indications) which was removed from the field,
(2) the potential for burst pressure reduction due to combined axial plus
circumferential cracks, (3) the potential for crack propagation due to tube
vibration, and (4) the potential leakage from a postulated steam line break
for the projected end-of-cycle crack distribution.

3.0 CONCLUSION

The staff is continuing to review the technical basis supporting full-cycle
operation of the steam generators, in addition, the above open items must be
resolved before full-cycle operation can be approved. In the meantime, the

" staff concurs with the licensee's conclusion that the steam generators have
been restored to an operable condition and that restart from the current
outage poses no undue risk to public health or safety. The steam generator
inspection activities and the stringent orimary-to-secondary leakage
monitoring program (and associated leakage limits) provide reasonable
assurance that the unit can be safely operated for a period not to extend more
than 10 calendar months from the date of restart. Operation beyond 10 calendar
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months, in the absence of a mid cycle SG inspection, shall be subject to NRC
staff approval. The licensee is encouraged to submit its resolution of the
above open items at the earliest possible date to ensure that the staff can
complete its review on a timely basis,

principal Contributor: E. Murphy

Date: March 7, 1991
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