Stephen B. Bram
Vice President . :

Consolidated Edison Company of New York, Inc.
Indian Point Station

Broadway & Bleakley Avenue

Buchanan, NY 10511

Telephone (914) 737-8116 March 25, 1988
1

Re: Indian Point Unit No. 2
Docket No. 50-247

Mr. William Russell

Regional Administrator - Region I
U. S. Nuclear Regqulatory Commission
475 Allendale Road

King of Prussia, PA 19406-1498

SUBJECT: Response to NRC Bulletin No. 88-02, "Rapidly Propagating
Fatigue Cracks in Steam Generator Tubes" -

Dear Mr. Russell:

Transmitted as Attachment I to this letter is our response to NRC Bulletin
No. 88-02, "Rapidly Propagating Fatigue Cracks in Steam Generator Tubes,"
dated February 5, 1988. This response summarizes the actions taken by Con
Edison prior to the issuance of Bulletin No. 88-02 and the information
provided to NRC in Con Edison letters dated November 23, 1987, December 17,
1987 and December 23, 1987, For completeness of reference, and as part of
our response to Bulletin No. 88-02, these letters are resubmitted herew1th
as Attachment IV, III, and II, respectively.

In our letters of November 23, 1987 and December 17, 1987, we submitted our
evaluations of the susceptibility of IP-2 steam generator U-bend tubing to
fatigue failure of the type experienced at North Anna-l on July 15, 1987.
In those submittals we concluded that the tubes remaining in service are
not expected to be susceptible to fatigue rupture at the top support plate
in a manner similar to North Anna.

In our letter of December 23, 1987, we submitted our description of
the primary-to-secondary leak rate determination procedural enhancements
which were made before IP-2's startup from the previous refueling outage.
These procedural enhancements were discussed with the NRC staff on December
18, 1987, are consistent with the leak-rate versus time curves supplied by
the NRC and provide reasonable assurance that timely corrective acticn
would be taken before the occurrence of fatigue-induced gross tube rupture .
similar to the type experienced at North Anna-l. Furthermore, we stated in
the December 23, 1987 letter that these procedural enhancements will remain
in effect pending resolution of concerns regarding the potential
susceptibility of IP-2's steam generators to high-cycle fatigue tube
failure. At such time, we will evaluate the need to continue these
procedural enhancements. )}
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March 25, 1988
Re: Indian Point Unit No. 2
Docket No. 50-247

Our response is provided pursuant to the provisiohs of Section 182a, Atomic
Energy Act of 1954, as amended. Should you or your staff have any
questions, please contact us. o

Very truly yours,

DA 77 Ben
i

. Subscribed and sworn to
before me this 25th day
of March, 1988.
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Commission Expires January

cc: Document Control Desk (Orig. & Copy)
U. S. Nuclear Regulatory Comm1551on
Washlngton, DC 20555

- Ms. Marylee M. Slosson, Project Manager
Project Directorate I-1
Division of Reactor Projects - I/II
U. S. Nuclear Regulatory Commission
Mail Stop 14B=-2
Washington, DC 20555

Senior Resident Inspector

U. S. Nuclear Regulatory Commission
P. O. Box 38

Buchanan, NY 10511
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Attachment I

'Response to NRC Bulletin No. 88-02
"Rapidly Propagating Fatigue Cracks in Steam Generator Tubes"

Consolidated Edison Company of New York, Inc.
Indian Point Unit No. 2
Docket No. 50~247
March 25, 1988



NRC Bulletin 88-02, dated February 5, 1988, requested that licensees having
Westinghouse steam generators with carbon steel support plates submit a
written report detailing the status of Licensee compliance with actions
provided therein for purposes of minimizing the potential for rapidly
propagating fatigue failure such as occurred at North Anna-1. Our response
to each action item is provided below.

NRC Action Item A:

The most recent steam generator inspection data should be reviewed for
evidence of denting at the uppermost tube support plate. Inspection
records may be considered adequate for this purpose if at least 3% of the
total steam generator tube population was inspected at the uppermost
support plate elevation during the last 40 calendar months. "Denting"
should be considered to include evidence of upper support plate corrosion
and the presence of magnetite in the tube-to-support plate crevices,
regardless of whether there is detectable distortion of the tubes. The
results of this review shall be included as part of the 45-day report.
Where inspection records are not adequate for this purpose, inspections of
at least 3% of the total steam generator tube population at the uppermost
support plate elevation should be performed at the next refueling outage.
The schedule for these inspections shall be included as part of the 45-day
report and the results of the inspections shall be submitted within 45. days
of their completion. Pending completion of these inspections, an enhanced
primary~-to-secondary leak rate monitoring program should be implemented in
accordance with paragraph C.l. below.

Resgonse H

The most recent steam generator inspection data was reviewed for evidence
of denting at the uppermost tube support plate. The results of that review
were transmitted to the NRC by Con Edison letters dated November 23, 1987
(Attachment IV) and December 17, 1987 (Attachment III). 1In those letters
we stated that the analysis of eddy current measurements shows that denting
is present at the top support plate and therefore all of the tubes in Rows
8 through 12 are treated as dented. The effect of denting on the fatigue
life of the tube has been conservatively maximized by assuming the maximum
effect of mean stress (based on 55 ksi) in the tube fatigue usage
evaluation and by incorporating reduced damping in the tube vibration
evaluation.

The results of the steam generator tube in-service examination performed
during the last refueling outage were reported to NRC by Con Edison letter
dated January 22, 1988 (Attachment V). The 1987 steam generator tube
in-service examination demonstrates that the Indian Point Unit No. 2 steam
generators are acceptable for continued service at full power. Based on
the results of this examination, the next steam generator examination has
been scheduled for the next refueling outage.




NRC Action Item B:

For plants -where no denting is found at the uppermost support plate, the
results of future steam generator tube inspections should be reviewed for
evidence of denting at the uppermost support plate. If denting is found in
the future, the provisions of item C below should be implemented.
Commitments to implement these actions shall be submitted when the results
of A above are submitted.

Response:

As stated in response to NRC Action Item A, analysis of the most recent
steam generator eddy current measurements shows that denting is present at
the top support plate. As such, Item B is not applicable.

NRC Action Item Cl:

For plants where denting. is found, the NRC staff requests that the
following actions be taken:

1. Pending completion of the NRC staff review and approval of the
program described in C.2 below or completion of inspections
specified in item A above to confirm that denting does not exist,
an enhanced primary-to-secondary leak rate monitoring program
should be implemented as an interim compensatory measure within
45 days of the date of receipt of this bulletin.* Implementation
of this program shall be documented as part of the 45-day report.
The enhanced monitoring program is intended to ensure that if a
rapidly propagating fatigue crack occurs under flow-induced
vibration, the plant power level would be reduced to 50% power or
less at least 5 hours before a tube rupture was predicted to

occur. The effectiveness of this program should be evaluated
against the assumed time-dependent leakage curve given in Figure

1. :

This program should consider and provide the necessary leakage
measurement and trending methods, time - intervals between
measurements, alarms and alarm setpoints, administrative limits
for commencing plant shutdown, and time limitations for (1)
reducing power to less than 50% and (2) shutting down to cold
shutdown. Appropriate allowances for instrument errors should be
considered.  Finally, the program should make provision for out
of service radiation monitors, including action statements and
compensatory measures.

*While this bulletin was being prepared, licensees for a few
plants committed to an enhanced primary-to-secondary leak rate
monitoring program at the staff's request. These plants had been
identified on a preliminary basis by Westinghouse as being
potentially susceptible to rapidly propagating fatigue cracks.



These enhanced programs should be upgraded as necessary to comply
with this paragraph. However, no relaxation from current
commitments should be made without prior approval by the NRC
staff.

Resgonse :

In our November 23, 1987 letter we stated that we had assessed our
primary-to-secondary leak detection capability to assure that IP-2 systems
and procedures are capable of producing leak-rate data that would allow for
positive detection and timely corrective actions before anv fatigue-induced
gross tube failure were to occur. A description of our overall capability
and the administratively imposed leak rate limits, together with their
associated corrective actions, was provided in that letter.

Changes to our procedures, to reflect our enhanced primary-to-secondary
leak rate monitoring program, were made before we started-up from our last
refueling outage. Our December 23, 1987 letter (Attachment II) described
these enhancements and resulted from our review of the new leak-rate versus
time curves provided by the NRC staff. .Furthermore, these enhancements
were discussed with the NRC staff on December 18, 1987 and are consistent
with the NRC provided leak-rate versus time curves.

NRC Action Item C.2:

A program should be implemented to minimize the probability of a rapidly
propagating fatique failure such as octurred -at North Anna Unit 1. The
need for long-term corrective actions (e.g., preventive plugging and
stabilization of potentially susceptible tubes, hardware, and/or
operational <changes to reduce stability ratios) and/or long-term
compensatory measures (e.g., enhanced leak rate monitoring program) should
be assessed and implemented as necessary. An appropriate program would
include detailed analyses, as described in subparagraphs (a) and (b) below,
to assess the potential for such a failure. Alternative approaches and/or
compensatory measures implemented in lieu of the actions in subparagraphs
(a) or (b) below should be justified.

Although the 45-day report shall provide a clear indication of actions
proposed by licensees, including their status and schedule, a detailed
description of this program and the results of analyses shall be submitted
subsequently, but early enough to permit NRC staff review and approval
prior to the next scheduled restart from a refueling outage. Where the
next such restart is scheduled to take place within 90 days, staff review
and approval will not be necessary prior to restart from the current
refueling outage. An acceptable schedule for submittal of the above
information should be arranged with the NRC plant project manager by all
licensees to ensure that the staff will have adequate time and resources to
complete its review without adverse impact on the licensee's schedule for
restart.

(a) The analysis would include an assessment of stability ratios
(including flow peaking effects) for the most limiting tube locations
to assess the potential for rapidly propagating fatigue cracks. This
assessment would be conducted such that the stability ratios are
directly comparable to that for the tube which ruptured at North Anna.




(b) The analysis would include an assessment of the depth of penetration
of each AVB. The purpose of this assessment is twofold: (1) to
establish which tubes are not effectively supported by AVBs and (2) to
permit an assessment of flow peaking factors.

(Note: Most steam generators have at least two sets of AVBs. This
applies only to the set that penetrates most deeply into the tube
bundle.) The methodolgy used to determine the depth of penetration of
each individual AVB shall be described in detail in the written
report. - The criteria for determining whether a tube is effectively
supported by an AVB shall also be identified. (Note: An AVB that
penetrates far enough to produce an eddy current signal in a given
tube may not penetrate far enough to provide a fully effective -lateral
support to that tube.)

If addressees cannot perform this suggested approach or meet this suggested
schedule, they should justify to the NRC their alternative approaches and
schedules. '

Resgonse:

Upon receiving notification from Westinghouse that IP-2, based upon a very
preliminary review, may be susceptible to the North Anna type generator
tube failure mechanism (i.e. high cycle fatique), we initiated several
‘plant-specific analyses with Westinghouse to more accurately determine
which tubes, if any, might. be susceptible.

Thermal~hydraulic, fatigue and vibration analyses that incorporated an
accurate determination of anti-vibration bars (AVB) insertion depths were
performed for IP-2 steam generators Nos. 22 and 24. The results of these
analyses were discussed at the November 12, 1987 meeting and reported in
our November 23rd letter. Based on these analyses, we concluded that steam
generators 22 and 24 are not susceptible to tube fatigue rupture at the top
support plate similar to that which occurred at North Anna-l, and that
accordingly no modification or preventative tube plugging was required.

By Con Edison letter dated December 17, 1987, we notified the NRC staff
that the review of the eddy current measurements for steam generators 21
and 23 verified anti-vibration bars (AVB) position for all tubes except two
due to copper deposit interference. These two tubes, R12C89 and R12C90 in
steam generator 21, were preventively plugged to eliminate them from
further consideration. All remaining tubes were shown to have relative
stability ratios less than 0.9 and stress ratios less than 1.0, thereby
meeting the established criteria for determining that there is no need for
further corrective action.

In summary, our November 23, 1987, December 17, 1987 and December 23, 1987
letters describe the program we implemented to minimize the probability of
a rapidly propagating fatigue failure such as occurred at North Anna-~-1.



Attachment II

Con Edison Letter to NRC
Dated December 23, 1987

Consolidated Edison Company of New York, Inc.
Indian Point Unit No. 2
Docket No. 50-247
March 25, 1988
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Consolidated Edison Company of New York, inc.
Indian Point Station -
Broadway & Bleakley Avenue

Buchanan, New York 10511-1099

December 23, 1987

Re: Indian Point Unit No. 2
Docket No. 50-247 :

Document Control Desk

U. S. Nuclear Regqulatory Commission
Washington, DC 20555

SUBJECT: Susceptibility of Indian Point Unit No. 2 (IP-2) Steam
Generators to High Cycle Fatique Tube Failure

In our letters of November 23, 1987 and December 17, 1987 we submitted our
evaluation of the susceptibility of steam generator U-bend tubing to
fatique failure of the type experienced at North Anna-1 on July 15, 1987,
In those submittals we concluded that the tubes remaining in service are
not expected to be susceptible to fatique rupture at the top support plate
in a manner similar to North Anna. In subsequent discussions with the NRC
staff we indicated that our operating practices relative to
primary-to-secondary leaks were more conservative than those permitted
under the applicable Technical Specifications. We were asked to apprise
the staff of the operating procedures which will be in place before unit
startup from the current outage, including certain procedural enhancements
intended to further confirm incipient indications of potential North

Anna-type tube failures. ' ' '

This  letter describes our revised procedural enhancements to determine
primary-to-secondary leak rate resulting from our review of new leak-rate
versus time curves provided by the NRC staff. These enhancements were
discussed with the NRC staff on RQecember 18, 1987 and are consistent with
the NRC provided leak-rate versus time curves. A description of these
enhancements is contained in Attachment I to this letter. Changes to our
procedures will be made before startup from the current refueling outage
and provide reasonable assurance that timely corrective action would be
taken before any fatigue-induced gross tube. rupture siwmilar *to that at
North Anna were to occur.

These procedure revisions will remain in effect pending resolution of
concerns regarding the potential susceptibility of the unit's steam
generators to high cycle fatigue tube failure. At such time, we will
evaluate the need to continue these procedural enhancements.

If you have any gquestions on this matter, please contact us.

V%ry truly yours,

"? ) oo
Jb\,(/ mlj“r_a.-\,

S tep}xen Eram

Vice President

Nuclear Power
attachment



Mr. Robert Capra, Director

Project Directorate I-1

Division of Reactor Projects I/II
U.. S. Nuclear Regulatory Commission
Washington, DC 20555

Mr. William Russell
Regional Administrator - Region I

U. S. Nuclear Regulatory Commission
631 Park Avenue

King of Prussia, PA 19406

Ms. Marylee M. Slosson, Project Manager
Project Directorate I-1
Division of Reactor Projects I/11

U. S. Nuclear Regulatory Commission
Washington, DC 20555

Senior Resident Inspector

U. S. Nuclear Regulatory Commission
P. O. Box 38

Buchanan, NY 10511



ATTACHMENT I

- Temporary Procedural Enhancements
Steam Generator Leakage Surveillance and Corrective Action

Consolidated Edison Company of New York, Inc.
Indian Point Unit No. 2
Docket No. 50-247
December 23, 1987



PROCEDURAL ENHANCEMENTS :

. Chemistry procedure IPC-A-110 and operating procedure AOI 1.2 will be
revised prior to startup from the current refueling outage to include the
following provisions: : -

A. With Condenser Air Ejector Monitor R-15 Operable:

o

If the primary-to-secondary leak rate is equal to or greater than 0,05
gpm and less than 0.2 gpm, log R-15 readings and graphically plot leak
rate once every two hours. If three consecutive projected leak rate

‘calculations indicate that leakage will be equal to or exceed 0.2 gpm

within 24 hours, reduce unit load to 50% within 2 hours.

If the primary-to-secondary leak rate is equal to or greater than 0.2
gpm, remove the unit from service and make appropriate notifications.

B. With Condenser Air Ejector Monitor R=-15 Ihoperable:

(o]

If the primary-to-secondary leak rate is less than 0.05 gpm, sample
and calculate the leak rate once every four hours.

If the Primary-to-secondary leak rate is equal to or greater than 0.0S5
gpm and less than 0.2 gpm, sample once every two hours and graphically
plot the 1leak rate. If three consecutive projected leak rate
calculations indicate that leakage will be equal to or exceed 0.2 gpm
within 24 hours, reduce unit load to 50% within 2 hours. '

If the pPrimary-to-secondary leak rate is equal to or greater than 0.2
gpm, remove the unit from service and make appropriate notifications.



Attachment III

Con Edison Letter to NRC
Dated December 17, 1987

Consolidated Edison Company of New York, Inc.
Indian Point Unit No. 2
Docket No. 50-247

March 25, 1988



Con

Indian Point Station
' Broadway & Bleakley Avenue
h Buchanan, New York 10511-1099
December 17, 1987

Consolidated Edison Company of New York, Inc.

Re: Indian Point Unit No.?2
Docket No, 50-247

Document Control Desk

U.S. Nuclear Requlatory Commission
Washington, DC 20555

SUBJECT: Susceptibility of Indian Point Unit No. 2 (IP=-2)
Steam Generators to High Cycle Fatigue Tube Failure

This letter transmits a summary of the evaluation of Indian Point Unit No.
2 (IP-2) U-bend tubing for Susceptibility to a fatique failure of the type
experienced at North Anna 1 on July 15, 1987. Our November 23, 1587 letter
provided our completed evaluation regarding steam generators 22 and 24 and
indicated that similar analyses for steam generators 21 and 23 would be
performed after anti-vibration bars (AVB) insertion depths are verified for
these generators by analyzing eddy current data taken during the current
refueling outage. The AVB insertion depths are a key factor in the
assessment of fatique failure susceptibility.

The IP-2 eddy current (EC) testing program was recently completed and a
review of the EC measurements for steam generators 21 and 23 verified AVB
position for all tubes except two due to copper deposit interference.
These two tubes, R12C89 and R12C90 in Steam generator 21, were preventively
plugged to eliminate them from further consideration. All remaining tubes
were shown - to have relative stability ratios 1less than 0.9 and stress
ratios less than 1.0, thereby meeting the established criteria for
determining that there is no need. for further corrective action.

Attachment A presents our evaluation of fatigue susceptibility of U-bend
tubes for all four steam generators. Based on this evaluation, it is
concluded that the IP-2 tubes remaining in service are not expected to be
susceptible to fatigue rupture at the top support plate in a manner similar
to that which occurred at North Anna 1. Therefore, no additional

modification, preventive tube pPlugging or other measure to preclude such an’
event is judged to be necessary. :

Please contact-us—+f-you-Have any questions on this matter.
Very truly yours,

1 ” /[
/tf?jo ¢3/DL1»-

Y _
Attachment ' Vicé President
Nuclear Power
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Ms. Marylee Slosson

Project Directorate I/I

Divison of Reactor Projects

U.S. Nuclear Regulatory Commission
Washington, DC 2055

Mr. William- Russell

Regional Administrator - region I
U.S. Nuclear Regulatory Commission
631 Park Avenue )

King of Prussia, PA 19406

Senior Resident Insbector

U.S. Nuclear Regulatory Commission
P.O. Box 38
Buchanan, NY 10511
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 ATTACHMENT A

Evaluation of Dented Tube Fatigue Susceptibility
o At Indian Point Unit 2

Consolidated Edison Company of New York, Inc.
Indian Point Unit No. 2
Docket No. 50-247
December, 1987



EVALUATION OF DENTED TUBE FATIGUE SUSCEPTIBILITY
AT INDIAN POINT UNIT 2

INTRODUCTION

The 1Indian Point 2 steam generators have been evaluated for the
susceptibility of unsupported U-bend tubing with denting at the. top tube

support plate to a fatigue rupture of the type experienced at Row 9 Column
51 (R9C51) of Steam Generator C, North Anna 1.

BACKGROUND

The initiation of the circumferential crack in the tube at the top of the
top tube support plate at North Anna 1 was due to limited displacement,
fluid elastic instability. The unstable condition prevailed in the RSCS1
tube when the tube experienced denting at the support plate. A combination
of conditions were present that led to the rupture. The tube is not
supported by an anti-vibration bar (AVB), has a higher flow field due to
the uneven insertion depths of AVB's, has reduced damping because of
denting at the top support plate, and has reduced fatigue properties

because of the additional mean stress with the denting and in the presence
of the all volatile treatment (AVT) chemistry of the secondary water.

CRITERIA FOR EVALUATION

The criteria established for determining the benefit of ameliorative action
was a 10% reduction in stability ratio that is expected to provide a 58%
reduction in stress amplitude (to<£4.0 ksi) for a Row 9 tube in the North
Anna 1 steam generators. This reduction is expected to reduce the future
fatigue usage to<0.021 per year for a Row 9 tube and to preclude growth of
an existing through wall crack of up to 0.125 inch in length. This same
criterion has been used as one of several criteria in the evaluation of
Indian Point 2 tubing. With additional effects accounted for through a
stress ratio criteria that permits the calculation of fatigue usage to
demonstrate tube acceptability, the final criteria of cumulative fatigue

usage to date plus future operation with current operating parameters has
to be satisfied. :

The stability ratios for Indian Point 2 tubing, the corresponding stress
amplitude, and the resulting cumulative fatigue usage must be evaluated
relative to the ruptured tube at Row 9 Column 51, North Anna 1, Steam
Generator C, for two reasons. First, the local effect on the flow field
due to various AVB insertion depths is not within the capability of
available analysis techniques and must be determined by test. Second, an
analysis and examination of the ruptured tube provided a range of
initiating stress amplitudes but can only bound the possible stability
ratios that correspond to these stress amplitudes. Therefore, the
evaluation of Indian Point 2 tubing has been based on relative stability
ratios, relative flow peaking factors and stress ratios.



The determination of stability ratio is the evaluation of a ratio of
velocities, the effective velocity divided by the critical velocity. A
value greater than unity (1.0) indicates instability. The stress ratio is
the expected stress amplitude in an Indian Point 2 tube divided by the
stress amplitude responsible for the North Anna 1 tube rupture.

The criteria for establishing that a tube has support from an AVB which
eliminates it from further consideration is that at least one sided support
is present to at least the tube centerline. This has been established by
analysis of eddy current (EC) measurements by either an EC indication of
both legs of the AVB or by projecting the depth of insertion knowing the
geometry of the AVB and EC indications that locate it on at least three
larger radius U-bends in the same column of tubes. :

Results of Evaluation -

The AVB insertion depths are a key factor in the assessment of fatigue
failure susceptibility since the AVB positions determine the local flow
peaking factors. The local flow peaking factor is a direct multiplier on
the stability ratio and a small percentage change causes a significant
change in stress amplitude. The relative flow peaking factors for Indian
Point 2 tubing without direct AVB support have been determined by
instability tests. These factors have been applied to relative stability
ratios determined by 3-D tube bundle flow analysis and the combined
relative stability ratio‘used in the stress ratio derermination.

The analysis of -eddy current (EC) measurements shows that denting of some
tubes is present at the top support plate and therefore all of the tubes in
Rows 8 to 12 are treated as dented. The effect of denting on the fatigue
life of the tube has been conservatively maximized by assuming the maximum
effect of mean stress (based on 55 ksi) in the tube fatigue usage
evaluation and by incorporating reduced damping in the tube vibration
evaluation. A partial review of EC measurements also shows that none of
the reviewed tubes in Row 8 through 12 have wall thinning indications at
the AVB locations. Therefore, it is unlikely that those tubes have been
unstable. Additionally, the eddy current data have been used to define AVB
insertion depths and the extent of tube support for each column of tubes
within the region. As shown in Fiqures 1,2,3 and 4, virtually all row 12
tubes are supported except for a few peripheral columns. Most row 11 and
row 10 tubes are supported. Some row 9 and row 8 tubes are supported.
Twenth-eight tubes (not including symmetrical tube locations) are
identified as unsupported and dented tubes with the highest potential for
fluid elastic vibration. These tubes are listed in Table l. The local
flow peaking corresponding to the AVB insertion depth near each of these
tubes has been factored into the evaluation for each of these tubes. The
results of incorporating local flow peaking is shown in Table 2 in the
relative stability ratios presented. Stress ratios are also presented in
Table 2 for each of the tubes in Table 1. With the exception of two tubes
in steam generator 21, all tubes have relative stability ratios less than
0.9 and stress ratios less than 1.0. The two tubes exceeding these
criteria are R12C89 and R12C90 in steam generator 21. These two tubes have

been plugged as a preventive measure to eliminate them from further
consideration. .



Of the remaining tubes that meet the criterion, the tube at R11C47 has the
highest stress ratio, . 0.75. The expected maximum stress ampltiude for this
tube is 3.0 ksi. Based on the operating history of Indian Point Unit 2,
which is presented in Figure 5 in the form of normalized stability ratio
versus time in days, the fatigque usage to date is expected to be less than
0.046. Projecting this to 40 years total operation, the fatigue usage is
expected to be less than 0.114. This is less than the ASME Code limit of
1.0. The fatigue usage calculation utilizes a lower bound fatigue curve

that is consistent with the fatigue properties of the North Anna tube that
ruptured. :

CONCLUSION

Based on these evaluations, it is concluded that the Indian Point 2 tubes
remaining in service are not expected to be susceptible to fatigue rupture
at the .top support plate in a manner similar to that which occurred at
North Anna 1. Therefore, no additional modification, preventive tube

plugging or other measure to preclude such an event is judged to be
necessary.
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TABLE 2

RESULTS OF EVALUATION OF UNSUPPORTED AND DENTED TUBES

. WITH THE HIGHEST VIBRATION DISPLACEMENT POTENTIAL
Stean Relative Stress
Generator Tube ' Stabiliey Ratio(l) Ratio(l
21 R10C3 0.70 0.21

RloC16 : 0.68 0.19
R10C24 0.74 0.31
R10C62 0.75 0.33
R11lC3 0.84 0.55
R11C4 0.82 0.50
R11C86 0.77 0.34
R11C87 0.79 0.40
Rllcss 0.81 0.45
R11C89 0.82 0.50
R12Cc2 - 0.79 . 0.35
R12C89 . 1.10 >1.0(2)-
R12C90 1.14 - >1.0(2)
. R10C24 0.68 0.19
R11C3 . 0.84 : . 0.55
R11C37 0.73 0.25
R12C2 0.79 0.35
23 Rl0C3 0.70 . 0.21
R10C20 0.74 0.31
R11C2 0.58 0.06
R1l1C3 0.84 0.55
R11C4 0.82 : 0.50
R11C47 0.88 0.75
24 R10C71 0.73 _ 0.29
R11C3 0.84 0.55
R11C46 0.84 0.58
R1ll1cC51 0.74 0.27

Rl2C2 0.79 0.35

> 11 ratios are in comparison to R9CS1, North Anna 1,
Steam Generator C. .

2) This tube has been plugged as a preventive measure.



AVB isiﬂons :

O oJHdddﬁ O Alololololo
4« 0000000 0 ol olofo
el  000€000000000'0000000D00 olofo
1 00€00000000000000000000000000
d 000000000000 00000O0O0O0D0O00000000
:mL"""&3&&&&%&&?3&%#3&&:&&&&33333
r ool Alojololdlelolololo) o

B Hﬁiﬁgﬂgﬁgggo 0000080 o%’e 2’8‘8’ oJo

Pg O 0000000000000€0000E00000000
1 00000000000€€€00866€0000000000C O
Jd 000000€0000000006€0000000000€ 00
;xmws:;gmammmzmaa&aﬁa&;&&mnma;mm:
- 4 O
" : 5 ' i O 0O OO

H oo O OO O00V000V00000000000000
[ 00000000000 0000000000000000000
ipelojelofojelo] -YoJoloJoloYoYoloYoloYo o o Yo o o Yo o ToTo o ol
m;-t:-:am. o™ based on AVB canterine relative 1o fube cenlerdine. C Phigged Tube

Calumn JMNAVBWMUUMM-M“-M;MW.
*

FIGURE 1

o

tiam
bol




AVB Insertion

R ©@

DOO0000HBEID®OOB®OOO

o o@dd 333
" 0006
« 00€0

0OC000®®O 200000000000000000
.OO@OOOOOOOO@OOOOOOOPOOOOOOOOOO
Colsmn og] ) 178 E7)
Pc:l‘cdlu\ 12.4 ]n 1os mj Iaoa 10.8 19

FEEEEE R b
00O |

OOOOOOOOOOOOOOOGOOOOOOOOO
.OOOOOOOOOOOOOOOOOE¢OOOOOOOOOOOO
.6OCOOOOOOOOOOOOOGOOOOOOOCOOOOO@

47 ] qs 44 e 3 Jarfoacfas 3l

Column 81
Projection 17 1.0 uﬂna 1.0 .. Foe

10

.O¢OOOOOOOOOOOOOOOOOOOOOO@OOOOO
.OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

12 4 D 9 . 1 E@
ug ga | gg 3 @ AXJO@000
I1°J0J0 {0 D S D000 AABAD0000

Coumn [V J30f 2020 27]26f 25 2af2sfp2far[20fvafae]a7] 18] 98] 14f 13 w2jnjwfe BRI KR ERERE
Projection h11.1 10.7 10.8 ' I 12 121
u o] | 36 |1.4]10]o0 Jeo
NOTEE: :
£ - EPAY calk of Ins! tubs with obesrvable AVB Indcation C  Poooed1te

o - EPAI cale of AVEB confanct: £ 2.0 Inches
Numbers in tubse mler 10 Wastinghouse Interpretation of AVEs vislbis )

L1 - length of single AVB coniacts read by Wulinqhol.lo'._ 108
Propctions by Weslinghouse | . . -
FIGURE 2

—



[ FLLLEFEREEEEL ARy

AVB P“tlons

] gl ' '
n O 6iC ' @) |

i) O00O€€&0O0 00 o) } -
sy 00€600000000000000000000000000 -~ |
J 0080000000000 000OOO0O0EOOO00000
Colum 92 101100 o5 Joc a7 foc fes Joacinsfo2[orjeofreIm|{n 6 |28 It J20 j @0 87 Joe Jes Jeo« $ |

ulnln 7

10.7108]10.2] 09 J 0. A0 190 1101000 [00]0sf0s]e.

10.3110.4]10.01104[ 0.0 [ ». .

¢ O0O0O0 oJelolelolelolololololeloToToYoYoleYoYoYo o Yo Yo o
-_OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO

€2 ]e1] 60 Joo 58 o7 fse |85 F84 Jos Jo2 81 Joo Jao Jas [«7 Jao [ a5 Jac Tas 42 141 Jao J3s e Jar facfasac 3] a2
Projection 16610 190 J63]00[0.0]6.3 (00 1.7 [u.t WAL 0 [ro.2fs0.2pr.2f 99 | o4 ﬂ 11 1081084 gf10.2110.8 [10.8]i08 [103] 0.7 ] 0.0 10

O OIIAAOI0 0
®) ' PFAO 000
| Q000000 O Q000
OOOOOOOOOOOOOOOOOOOOOOOOOQOOOO

-h - -
.l.lelnlh

OOOOOOOOOOOOOOOOOQOOOOOOOOOOOOO

PSRN ETN KT T3 ET1 D B 3 K K ED D D KD KO K KD K3 K0 EEX KX KX K ) 3T 21

Projection [ee Joe] 10 Jo6 [0.8 |50 lD.l]lo.I 10 J10.2{ 10 ho.4fr0.01101J109]10.4]10a] 10 f6 0 [0 0] 10 (D6 §.710816.7]0.0 [6.0[11.3] 1.

0 ] : L |
NOTES

Projections ars bes.sd AV carserine relathve 10 lube cerderting, @ Pugeed Tube 13am)
. bol

FIGURE 3 + °

—



" [ cotum ot [ 05 wlvadoslr2afos 20 es [os JorTeelos e 83
Projection J 1K m:toour wc 10.1 wjn 9.8 posiosfes 0.7 | 10
X 36 3.7 Jagra]as Jes[2e 1 | ]

Projection s ". 12 {12 ~§10.4 117 8.0 10.711
L . |

AVB Insertion

w O00000
00000000
-OOOOOOOOOOOOOOOOO

° oﬂgﬂﬁaggi

@OOOOO

-
[

. gg e@c@ 0@ ©

« el €000600006000000
.oooooooooooooooe00000000@
.=oooooooooooooooooe0000000® 000

N | : ~f , '53¥59,(9
" 010 ACXTYOJO
10 ' ' D@ E O00

. @) ORONOMKE O00€O0O0
.@@@O@f‘f"@O@OOOOO@@OOOOOOOO@@&‘

Column §9V] 30 28] 27] 2¢T a8 23 25| 221 3 10 W 1« u]m 7] .
Projection 10.010.2h .4 1es 0.7 10.4 10.4 11 f11.5]11.7 1.6
(8] 1.0 J2.7 .7 20 J2.2 Jag 3.2 2o |1 18120]283.2 Jaa]1t re J4o a0 fror2]aaTvel v
NOTES: - !
o -EPR cals of AVB cortach £ 2.0 inches ’
E EPR cof of ins? fube with obssrvabis AVD indicebon Y -
Numbers In tubes refer 10 Wastinghouss interpretation of AVBe vislbls ' c Piugoed Tubs
L1 - length of singis AVB contects tudbyw-dquhau ) :
Projections by Weslinghouse y . ) nmnr
indcxtiorw i Gdumm?mdﬁ?uud-hn 1 finge ' . - ) . [ B8]

- FIGURE 4



SR cycle x / SR cycle 28-8

- 0.86 -

HINLAMIN L e £ INLLLAIVLE OIADILITT IKALTIU

BASED ON HIGH PO >B0%) OPERATION

1.02

278
{]

1
0.88 -
0.86 -
0.84 -
0.82 -

0.84 -

082 -

0.8 -
0.78 -+
0.78 -

.0.74 -
072 -

Days Above 90% Power

In Each Cycle

|
Cycles 2B to B

8184

)

234

0.7
0.0

0.4

! L | . 1 ' L !

08 1.2 1.6 2.0
(Thousands)
TIME AT/ABOVE NDIC'D. SR RATIO (DAYS)

FIGURE §




Attachment IV

Con Edison Letter to NRC
Dated November 23, 1987

Consolidated Edison Company of New York, Inc.
Indian Point Unit No. 2
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March 25, 1988



Murray Seiman
Vice President

) c«udwhmdEdsu\Canmmwo!NdnYmk.MQ
indian Point Station
Broadway & Bisakiey Avenue
Buchanan, NY 10511
Telephone (914) 737-8118

‘ November 23, 1987

Re: Indian Point Unit ﬁo. 2
Docket No. 50-247

Document Control Desk
U.S. Nuclear Regulatory Commission
Washington, DC 20555

Subject: Susceptibility of Indian Point Unit No. 2 (IP-2) Steam Generators
to High Cycle Fatigue Tube Failure

°The'purpose of this letter is to transmit information and material present-

ed during a meeting on November 12, 1987 between NRC staff, Con Edison and
representatives from Westinghouse. At that meeting we presented the
results of the investigation and evaluations we have undertaken to
determine whether the Indian Point Unit No. 2 (IP-2) steam generators may
be susceptible to a tube failure similar to the one that occurred at North
Anna-1 on July 15, 1987. Upon receiving notification  from Westinghouse
that IP-2, based upon a very preliminary review, may be susceptible to the
North Anna type generator tube failure mechanism (i.e. high cycle fatigue),
we initiated several plant-specific analyses with Westinghouse to more
accurately determine which tubes, if any, might be susceptible. Ther-
mal-hydraulic, fatigue and vibration analyses that incorporated an accurate
determination of anti-vibration bars (AVB) insertion depths were performed
for IP-2 steam generators Nos. 22 and 24. The results of these analyses
were discussed at the November 12, 1987 meeting and a report is provided in
Attachment A. - Based on these analyses, we have concluded that steam
generators 22 and 24 are not susceptible to tube fatigue rupture at the top
support plate similar to that which occurred at North Anna 1, and that

accordingly no modification or preventative tube plugging is required.

Similar analyses for steam generator Nos. 21 and 23 are ongoing and will be
completed after AVB insertion depths are verified for these generators by
analyzing eddy current data. Therefore, the eddy current testing program
planned during the current refueling and maintenance outage has been
expanded to allow us to determine the AVB location in steam generators 21
and 23. The final results of our evaluation of steam generators 21 and 23
will be provided to the NRC by a separate letter following the conclusion
of the testing program and analyses, along with a description of any
modifications and corrective actions, which may be indicated by our conclu-
sions.

We have also assessed our primary to secondary leak detection capability to
assure that IP-2 systems and procedures are capable of producing leak rate

e 1176685 L



cc: Ms. Marylee M., Slosson

data that would allow for positive detection and timely corrective actions
before any fatigue-induced gross tube failure were to occur. A description
of our overall capability and the administratively imposed leak rate
limits, together, with their associated corrective actions, are provided in
Attachment B.

Additionally, Attachment C provides our updated response to fifteen (15)
questions requested by the NRC Region I office.

Based upon the foregoing inquiries and actions undertaken to date, we are
unaware of any information which would suggest that the steam generators of
IP-2 are particularly susceptible to the tube failure mechanism experienced

-at North Anna 1.

Please contact us if you have any questions on this matter.

Very truly yours,

”

4/7 4%%7 .A/?/-j bl

Attachments

N

_ U.S. Nuclear Regulatory Commission
Project Directorate I-1
Division of Reactor Projects I/II
=Washington, DC 20555

Mr. William Russell

Regional Administrator - Region I
U.S. Nuclear Regulatory Commission
631 Park Avenue

King of Prussia, PA 19406

Senior Resident Inspector

U.S. Nuclear Regulatory Commission
P.O. Box 38

Buchanan, NY 10511



ATTACHMENT A

Evaluation of Susceptibility
To High Cycle Fatigue Failure
of Steam Generator Tubes

Consolidated Edison Company of New York, Inc.
Indian Point Unit No. 2
Docket No. 50-247
: November, 1987
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EVALUATION OF DENTED TUBE FATIGUE SUSCEPTIBILITY
FOR STEAM GENERATORS 22 AND 24
AT INDIAN POINT UNIT 2

INTRODUCTION

The Indian Point 2 steam generators 22 and 24 have been evaluated for the
susceptibility of unsupported U-bend tubing with denting at the top tube
support plate to a fatigue failure of the type experienced at Row 9 Column
S1 (RS9CS51) of Steam Generator C, North Anna 1. -

BACKGROUND

The initiation of the circumferential crack in the tube at the top of the
top tube support plate at North Anna 1 was due to limited displacement,
fluid elastic instability. The unstable condition prevailed in the R9CS51
tube since the first fuel cycle when the tube experienced denting at the
support plate. A combination of conditions were present that led to the
failure. The tube was not supported by an anti-vibration bar (AVB), had a
higher flow field due to the uneven insertion depths of AVB's, had reduced
damping because of denting at the top support plate, and had reduced
fatigue proportion because of the additional mean stress with the denting
and because of the all volatile treatment (AVT) chemlstry of the secondary
water.

CRITERIA FOR EVALUATION

The criteria established for determining the benefit of corrective action
was a 10% reduction in stability ratio that is expected to provide a 58%
reduction in stress amplitude (to £ 4.0 ksi) for a Row 9 tube in the North
Anna 1 steam generators. This reduction is expected to reduce the future
fatigue usage to &£ 0.021 per year for a Row 9 tube and to preclude growth
of an existing through wall crack of up to 0.125 inch in length. This same
criterion has been used as one of several criteria in the evaluation of
Indian Point 2 tubing. With additional effects accounted for through a
stress ratio criteria that permits the calculation of fatigue usage to
demonstrate tube acceptability, the final criteria of cumulative fatigue
usage to date plus future operation with current operatlng parameters has
to be satisfied.

The stability ratios for Indian Point 2 tubing, the corresponding stress
amplitude, and the resulting cumulative fatigue usage must be evaluated
relative to the failed tube at Row 9 Column 51, North Anna 1, Steam Genera-
tor C, for two reasons. First, the local effect on the flow field due to
various AVB insertion depths is not within the capability of available
analysis techniques and must be determined by test. Seécond, an analysis
and examination of the ruptured tube provided a range of initiating stress
amplitudes but can only bound the possible stability ratios that correspond
to those stress amplitudes. Therefore, the evaluation of Indian Point 2



tubing had been based on relative stability ratios, relative flow peaking
factors and stress ratios.

The determination of stability ratio is the evaluation of a ratio of
velocities, the effective velocity divided by the critical velocity. A
value greater than unity (1.0) indicates instability. The stress ratio is
the expected stress amplitude in an Indian Point 2 tube divided by the
stress amplitude responsible for the North Anna 1 tube rupture.

The criteria for establishing that a tube has support from an AVB and
therefore eliminate it from further considerations is that at least one
sided support is present to at least the tube centerline. This has been
established by analysis of eddy current (EC) measurements by either an EC
indication of both legs of the AVB or by projecting the depth of insertion
knowing ‘the geometry of the AVB and EC indications that locate it on at
least three larger radius U-bends in the same column of tubes.

RESULTS OF EVALUATION

_The AVB insertion depths are a key factor in the assessment of fatigue
failure susceptibiilty since the AVB positions determine the local flow
peaking factors. The local flow peaking factor is a direct factor on the
stability ratio and a small percentage change causes a significant change
in stress amplitude. The relative flow peaking factors for Indian Point 2
tubing without direct AVE support have been determined by instability
tests. These factors have been applied to relative stability ratics
determined by 3-D tube bundle flow analyszs ‘and the combined relative
stability ratio used in the stress ratio determination.

The 'analysls of eddy current (EC) measurements shows that denting is
present at the top support plate and therefore all of the tubes in Rows 8
to 12 are treated as dented. The effect of denting on the fatigue life of
the tube has been conservatively maximized by assuming the maximum effect
of mean stress (based on 55 ksi) in the tube fatique usage evaluation and
by incorporating reduced damping in the tube vibration evaluation. A
partzal review of EC measurements also shows that none of the reviewed
tubes in Row 8 through 12 have wall thlnnlng indications at the AVB loca-
tions. Therefore, it is unlikely that those tubes have been unstable.
Additionally, the eddy current data have been used to define AVB insertion
depths and the extent of tube support for each column of tubes within the
region. As shown in Figures 1 and 2, virtually all row 12 tubes are
supported except for a few peripheral columns. Most row 11 and row 10
tubes are supported. Some row 9 and row 8 tubes are supported.



Nine tubes (not including symmetrical tube locations with identical flow
conditions) are identified as the most critical of the dented and unsup-
ported tubes. These are: :

Steam Generator 22 Steam Generator 24

Row Column, Row Column
12 2 12 2
11 3 ) ' 11 3
11 37 1 51
10 24 11 46
10 71

The local flow peaking corresponding to these AVB insertion depths has beeén
factored into the evaluation for each of the above tubes. This results in
the relative stability ratios and stress ratios shown below. (All ratios
are in comparison to R9C51, North Anna 1, Steam Generator C.)

Steam Generator 22 Steam Generator 24

Relative

Relative
Stability Stress Stability Stress
Tube Ratio Ratio Tube Ratio Ratio
- R12C2 0.79 0.35 " R12C2 - 0.79 - 0.35
R11C3 0.84 0.55 R11C3 0.84 0.55
= R11C37 0.73 0.25 R11CS1 0.74 0.27
: R10C24 0.68 0.19 R11C46 0.84 0.58
R10C71 0.73 0.29

All of the above most critical tubes have relative stability ratios less
than 0.9 and stress ratios less than 1.0. Therefore, all unsupported and
dented tubes at Indian Point 2 meet these two criteria. The tube with the
highest stress ratio is at Row 1l Column 46 with a ratio of 0.6. The
stress amplitude for this tube is therefore 2.4 ksi. Based on the operat-
ing history of Indian Point 2 which is presented in Figure 3 in the form of
normalized stability ratio versus time in days, the fatigue usage to date
is 0.017 and the projected 40 year usage is 0.06. This is less than the
limit of 1.0 and therefore meets the fatigue usage criteria. The fatigue
usage calculation utilizes a lower bound fatigue curve that is consistent:
with the fatigue properties of the North Anna 1 tube that ruptured.

CONCLUSION

Based on these evaluations, it is concluded that the Indian Point Unit 2
steam generator 22 and 24 tubes are not susceptible to fatigue rupture at
the top support plate similar to that which occurred at North Anna Unit 1.
Therefore no modifications, preventive tube plugging or other measures to
preclude such an event are required for these steam generators.
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ATTACHMENT B

Primary to Secondéry'
Leak Detection Capability

Consolidated Edison Company of New York, Inc.
Indian Point Unit No. 2
Docket No. 50=-247
November, 1987



1. LEAK DETECTION SYSTEMS:

. The Indian Point Unit No. 2 (IP2) program for detection of primary
' system to secondary side leakage is based on Xenon-133 measured in the
Condenser Air Ejector discharge. This method is preferred because
Xenon is very volatile and does not have to be decay corrected to
water mass turnover time. The Xenon-133 method is accurate to 0.001

gpm (1.5 gal/day). The monitoring of activity is either continuous as
measured by R-15 (Condenser Air Ejector Radiation Monitor) or by grab
sample and provides a rapid response to any leakage. In addition, the
steam generator blowdown stream is monitored for radiation (R-19) and

- grab samples can be used for tracking Na-24, I-131 or I-133, relative

to corresponding RCS activities to determine primary to secondary
leakage. Both monitors (R-15 and R-19) are covered by existing

Technical Specifications operability and surveillance requirements.

2. EXDPERIENCE:

Historically, IP-2 has demonstrated a rapid response to the identifica-
tion of steam generator leakage and subsequent expeditious removal of
the unit from service. We recognize that any size leak can be a
serious problem with respect to in-plant contamination and cleanup, or
could develop into a more serious problem, and therefore action is
taken before the technical specifications limit of 0.3 gpm is ex-
ceeded. As can be seen in the attached leakage trend graph and table
of events for February -1984, thé 0.3 gpm Technical Specification limit
. ' was never reached. It is noteworthy that the elapsed time from the
time of identifying the increase in leakage to 0.01 gpm (0405 hrs)
until the time the unit was removed from service was 1l hours. This
e=clearly demonstrates IP2's leak detection capabilities and responsive-
ness to minimizing the extent of the excursion.

3. PROCEDURE ENHANCEMENT:

Following careful scrutiny of existing procedures, we are prepared to
change our operating and chemistry procedures prior to startup from
the current refueling and maintenance outage to enhance our procedures
for the monitoring of tube leaks and the taking of appropriate
preventive actions. Chemistry procedure IPC-A-110 and Cperating
procedure AOI 1.2 will be revised to include the following provisions:

A, With Condenser Air Ejector Monitor (R-15) Operable

o If leak rate is > 0.1 gpm and € 0.2 gpm, sample once per two
hours and notify General Manager NPG and graphically plot leak-
age. If two consecutive rate calculations indicate that leakage
will be equal to or exceed 0.2 gpm within 24 hours, the unit is
‘to be removed from service using normal operating procedures.

. o If leak ‘rate is 2®0.2 gpm, remove unit from service and make
appropriate notifications.



B. With Condenser Air Ejector Monitor (R-15) Iﬁoggrable

o With primary to secondary leakage < 0.1 gpm, sample and calculate
leak rate once every four hours.

o If leak rate is > 0.1 gpm and, < 0.2 gpm, sample once per two
hours and notify General Manager NPG and graphically plot leak-
age. If two consecutive rate calculations indicate that leakage
will be equal to or exceed 0.2 gpm within 24 hours, the unit is
to be removed from service using normal operating procedures.

) If leak rate is = 0.2 gpm, remove unit from service and make
appropriate notifications. '

Our review of plant leak detection capabilities and procedures indi-
cates that to administratively impose a power reduction (e.g. 50% of
full power) based upon a leak rate limit is not required and would, in
fact, adversely impact our ability to calculate primary-to-secondary
leak rates using Xenon-133. A reduction in power level changes the
Xenon equilibrium condition in the primary side. Since leak rate
limit calculations are optimized for Xenon equilibrium condition on
the primary side, any changes caused by power reduction would affect
our ability to perform these calculations rapidly. More importantly,
by establishing the administrative limits above which would require a
‘unit shutdown based on projected leak rates ensures that the fatigue
crack will no longer propagate and the unit is shutdown in advance of
a tube rupture. -
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Response to Questions
Requested by NRC Region I

Consolidated Edison Company of New York, Inc.
Indian Point Unit No. 2
Docket No. 50-=-247
November, 1987



INDIAN POINT UNIT NO. 2 (IP-2)
RESPONSE TO QUESTIONS REGARDING
STEAM GENERATORS AS A RESULT OF THE
NORTH ANNA TUBE RUPTURE INCIDENT

1. What is the Technical Specification primary to secondary steam
generator leak rate limit?

Res ponse:

Plaﬁt Technical Specification provision Section 3.1.F.2.a specifies
that primary to secondary leakage through the steam generator tubes
shall not exceed 0.3 gpm in any steam generator. Leakage in excess of
0.3 gpm for any steam generator will require plant shutdown within 24

_hours and the leaking tube(s) to be ldcated.and plugged. Furthermore,

" the Technical Speéifications require that if leakage from two or more

esteam generators in any 20-day period is observed or determined, the

‘reactor shall be brought to the cold shutdown condition within 24

- hours.

2. wWhat are the administrative primary to secondary steam generatcr
leak rate limits (and) the associated administrative action
statements?

Resgonse:

Plant administrative/procedural leak rate limits and associated

correction actions reflect and implement the provisions of Technical



Specification Section 3.1.F.2.a descr‘ibed above;' Although there are |
. currently no administrative leakage limits lower than the_ 0.3 gpm of
Technical Specification, we recognize that any size 1leaks can be a
serious problem with respect to in-plant contamination and cleanup or
it could develop into ‘a more serious problem, and therefore corrective
action is taken befqre the Technical Specifications limit of 0.3 gpm
is exceeded. For example, on February 11, 1984 the Unit was taken out
of service before a primary to secondary leak ;ate of 0.25 gpm was
reached. Similarly, on August él, 1981.a leak in Steam Generator No.
23 increased from 0.1 gpm to 0.205 gpm and again the Unit was repaired

and returned to service.

As a result of our review of existing leak detection systems, proce-
‘ _ dures and practices, we are planning to revise plant oper,ating' and
chemistry procedures to establish primary-to-secondéry leak rate

'limits that will allow for positive detection and timely corrective

action e.g. notification, trending and unit shutdown prior to tube
failure. These procedures will be revised before startup from the

current refueling and maintenance outage.

3. What leak rate detection system(s) are used and the frequency of
use, and what is the sensitivity of these“~systems?

|
|
) Resgonse:
|

At IP2 the primary method to determine primary to secondary leak rates

‘ ‘ is the isotopic analysis of Xenon-133 in the Condenser Air
Ejector (CAE), offtake compared to the reactor coolant, Xenon-133
‘ activity. This method is preferred because Xenonjis very volatile and

does not have to be decay corrected to water mass turnover time. The



Xenon-133 method is accurate to 0.001 gpm (1.5 g;l/day). With the CAE
' radiation monitor in sbervice and a kn_own primary to secondary leak,
leak rates are calculated daily. With the CAE radiation monitor not
in service, leak rates are calculated every four hours and could, if
necessary, be performed hourly.. Béckup methods are available to

identify the primary to secondary leak rate. These include:

‘Sodium - 24 in S/G blowdown
Iodine - 131 in S/G blowdown
Boron in S/G blowdown

‘Pritium in S/G blowdown

These backup methods will detect leakage greater than 0.1 gpm (144
‘ _ gal/day) but generally take longer to perform than the primary method.

4. DPlease furnish a map of each steam generator bundle cross section
(hot and cold legs) at the top support plate elevation. The map
should indicate:

A. Which tubes are dented
B. Dent magnitudes (or range of dent magnitudes in various
- ‘areas of the support plate) based on the most recent data.

C. which tubes contact antivibration bars.
D. Which tubes are plugged.

Resgonse:

Response to Question 4A & 4B: Attachment 1 contains maps of the steam

generator bundle cross section ;t the top'support plate elevation,

showing for each tube examined, the eddy current measurement of the
. dents. Note that maps titled "Support Platé 6" aré maps of the

uppermost support plate hot leg; maps titled "Support Plate 7" are



maps of the same uppermost support'pléte cold lég. Locations marked
' "x" on the maps titled "Probe Size 700" are locations that did not
pass the 700 mil diameter probe and were subsequently examined by the
610 mil diameter probe. The latter results are indicated on the maps

titled "Probe Size 610". Locations marked "B" are plugged tubes,

Response to Question 4C: Attachment 2 shows for Steam Generator Nos.
22 and 24 the lowest row in each colummn in which the anti-vibration
bar has been identified by review of previous (1984 and 1986) eddy
current tapes. Tubes in these locati;ns plus the tubes in the higher
number rows contact anti-vibration bars. For Steam Generator Nos. 21
and 23, the current eddy t;.estiné program planned for the outage has
~ been expanaed to determine ;he AVB location with respect to the tubes
‘ _ in Steam Generator Nos. 21 and 23.
’Response to Question 4D: Attachmeﬁt 3 contains maps of plugged tubes

in each steam generator.



5. What are the average and maximum rates of denting in the top
tube support plate during the last two inspection cycles for each
steam generator?

ResEnse:

The avérage dent (in mils) based on eddy current data for the last two

examinations for all four generators is:

s.G. 1984'Average Dent
Hot Leg Cold Leg
'21 4.3 3.6
22 1.5 1.6
23 3.7 3.1
24 3.4 4.0
" It is Con

1986 Average Dent

Hot Leg

3.5

1.7

2.8

3.5

“appear to be within error of measurement.

When was the last inspection of each steam generator?
the tube/upper tube support plate intersections that were in-
What inspection techniques were

6.

spected in the last inspection.

used i.e. ECT, profilometry or other?
Response:

The last inspection of each steam generator occurred during the 1986
refueling outage using Eddy Current Testing
identifies the tube/upper tube support plate intersections that were

inspected in the last inspection.

Cold Leg

3.6.

2.1

2.9

Edison's opinion that differences between 1984 and 1986 data

(ECT).

Identify

Attachment 1



7. Have any ECT indications been observed at the antivibration bars
or top support plate locations? If so, which tubes, when, and
what was the nature of the indication? ' :

Response:

Based on 1984 and 1986 Eddy current data no indications were observed

at the anti-vibration bars or at top support plate locations.

8. What is the cross sectional shape of the antivibration bars
(round, square or other)? o

Response:

The cross sectional shape of the antivibration bars is square.

‘ ' ' 9. What is the current steam generator ratio at normal full power
‘ : - operation? :
Response:

The circulation ratio at the current operating conditions is 4.4.
This corresponds to a steam flow rate of 2,926,000 lb/hr, steam
pressure 6f 690 psia and the downcomer flow resistance plate at the

upper, withdrawn position (least flow resistance).

10. What is the current range of recirculation ratios for the range
of power operations above 20%?

Response:
‘ As operating load decreases from full 1load, the steam flow rate
decreases. Since the total (steam and water) flow rate through the

bundle does not vary significantly between 50% and 100% load, the



circulaiion ratio will increase proportionately..'However, the loading
‘ on tubes in the U-bend, § Vz, will decrease with power. At very low
power levels the load on tubes will be even smaller than that at 50%
power. The circulation ratio at 20% load would be about four times

greater than that at full load.

11. What is the history of recirculation ratios under operating

conditions? :
Resggnse:

Based on the historical operating data, we estimate that the full load
circulation ratio has not varied much over the life of the plant. "It

has reﬁained in the range of 4.3 to 4.4.
12. Describe any modifications that have been made to the steam
generators e.g. feedwater flow restrictor plates, moisture
separators, etc. or changes in operations that could have affect-

ed the steam generator recirculation ratio. When were these
changes made?

Response:

Changes to the steam generator operation that could have affected the
recirculation ratio are changes in the primary Tavg{ The history of

Tavg reduction at Indian Point 2 from a design Tavg of 569.5°F is as

follows:
Dates : Tavg °F
‘ ' 5/22/73 (Initial Criticality) to 6/25/75 - 566-569.5
6/25/75 to ) 2/28/77 554

2/28/77 - to Present 549




13. What secondary side loose parts monitoring'system is used?
Describe the system and its operation.

During a refueling/maihtenance outage secondary side examination is
performed. A video camera or a borescope is passed around the annulus
between the tube bundle and the shell and down the tube lane between
the hot and cold legs to seaich for foreign objects in all four steam
" generator. During pian; oberation a Metal Impé&t Monitoring Systém
(MIMS) provides detection of loose metallic parts impacting within the
primary and secondary side of the steam generators. The MIMS provides
continuous display of the information to plant operation. A detailed
description of this system and its operation is provided in Attachment

4.

’143 What tubes are not supported by Antivibration Bars?

Resggnse:

Refer to résponse~to Item 4C and Attachment 1 to this letter.

15. Please provide any other information you feel is important tec
this issue.

Resggnse:

"The present plant Emergency Operating Procedures (EOPs) were developed
. using Westinghouse Owners Group Emergency Response Guidelines (ERGs)
which address steam generator tube failures including multiple tube

failures. Plant operators are extensively trained on the EOPs.
. .



Elements of our operator training program on EOPs and in particulér

tube rupture events include:

1. Generic Westinghouse ERGs training program, constituting four

separate seminars.

2. Generic Westinghouse Steam Generator Tube Rupture (SGTR)

training program.

3. Indian Point ‘2 specific training in new EOPs (6 weeks per opera-

tor) with special emphasis on E-3 series procedures (SGTR).

4. Requalification training occurring every two years. SGIR is a
required scenario.
These EOPs along with our integrated training practices assures that
the plant operators are prepared to safely handle a major event such

as a tube rupture.
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Metal Impace Monitoring Svstem

Funceion

- The Metal Impact Monitoring Syscem (MIMS) provides caliadle

detection of loose metallic parts impacting within the ceacrcor
coolant system (re2actoc vessel and primacy side of stean
genérator) and secondary side of the steam gJenerators. By

utilizing micreo-processoc :echnology, the MIMS provides

" econtinuous and dautomatic data reduction as well as displavy

all essential information to plant operatocs.

Introduction

The MIMS consists of specially designed high ‘sensitivicy

transducecs at the natural collaction points Of the reaccar

vessal, reactoc head and sceam generators, amplifiers, signsal

conditioners, digital daca processing and analysis, alpnanu-
maric ‘displays, speaker, printer, adjustable alarms, and
aptional tape recorder. A block diagram of cthe Systzm i3

shown in Fiquce 138.

Impacts causé a small electrical charge propoctional c©d
acceleration to be genéra:ed by the piezoceramic accelero-
meters. The chacge is ﬁransmicted By noise resiscang,
mineral-insulated hardline cable.co the chacge preamplifizc
inside the concainment whare it is coaverted to a voltage -
signal. The voltage signal is_ttansmiCted Dy normal shieclded

cable to the signal conditioner in the MIMS cabinet sutside



. ‘

of the containment and chen to the ezal Impact “cairn>r

™
O
"
3

8oard where the analog signals are converted to digical

for processing by the central processor.

The transducsrs can be mounted in differant modes. 3s shown
in Figure 19, a screw provides tﬁe basic connectiocn ncinec.
For the reactor vessal head and reaccor veséel Doccom, Cwo
transducers arce manced at 2ach moaitoring point foc cedun-
dancy since they are inaccessible during normal operacioa.

For the reactor Vessel botcom, transiucers locaced zc 37 .2

33, are magnetically acttached with claaps. As shown Ln

Figure 20. che transducer for the rceaccoc vessel head arc:
tapped into iets lifecing lugs.

3nly one active transducer ner steam 3enecatoc is AgSE33acy
to detect metallic impacﬁs oﬁ both the primary and secondary
sidé@ of the steam generator due to thé especiall nign sensi-
tivi:y of the transducers. The location of the tapned in.

steam genecator transducers is shown in Figure 21,

Impact Measurement and Discriminacion

Upon the occurrence of a metallic impace, resultanc ainucs
accelerations are generéted in the ceactoc‘syscem componans
matarial and detected by the acceleCOmete: (eransducecs; .,
The accelecation signal Erequencies are significant since

they are proportional to the energy imparted oy the impace

- 113 -



and provide 3 measura of the mass of che aBject. &3¢ Cils

fo
o

reason, acceleration resulting from the iapact is ¢

parameter chosen to wmonitor.

Extensive devalopmental testing by the vendor has dececnined
that @ost metallic impacts in the creactor coolanc system
will occur within a frsquency range of 2kHz to 13 kHz. Thsz
Macal Iapact Monitor System amploys accelecowetars wnich

have 3 linear response between S Hz and 20 kHz.~

The MIMS has a potential noise liwit of heccer than 0.002 J
peak-co-peak within a temperature of 0°F to 650°F. Tne
system has che capability co decect impact of about 0.02
Ee-1lb at 2 feet from the transducer. The sensitiviecy 3¢
impact measuremencs is decarmined by the iapact enecgy
“@hich is a fuaccion of mass, impéc:.velocicy, the gecmecsy
of cthe,.impaccing particdle, the sucface being iapacted, and

the distance crom the transducer.

Signals Erom the preamplifiecs located ac 29'El in concaln-
mant are carried through containment penetcations to cihe
system electronics cabinet. The cabinec iacludes signal
conditioners And amplifiec unics, a mecal impact .acnirac

drawer, and an incerconnection panel. .

- 114 -
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The heact 3f cile s$ystan is the®wmeral impact waonizsr

1

v

illustrated ia Fijure 22. The dcawer coaraias a mecal ia-

nact moaitor board, a utilicy card, and a Sontecal preac=s30C,

all mountad in a suitable card cage with power supplies.

Each metal impact wmonitor board concains up to six indegen=

dent micropcocessor-based circuits. Each circcuit has che
capabilicy of monitoring either of two rzdundant Tcinsdus
nreamplifier, and amplifier chains. Switshing bezween o

is accomplished under operator contcol (manually) orc, i

[ 1Y

channel failure is decected, by the cencral processac (ac

matically).

Digital processing allows the utilization of novel Jdasc

"

-

mination techniques to discriminate between signals gs

Q
D

= C
~— py metallic impacts from wechanical noise and electeicsl
<impluses due to normal plant operation Qf pumps, valves,

otﬁer aquipment. Ry carefully analyzing the characcecisc

patterns of each signal, rather than calying solely 2n in
amplitude, the MIMS is able co victually elininace €als:

alarms. Since the alarm level €ar each channel i3 fixed

some point above the maximum normal background noise levs!

thece can at times be a significanc gap batween cthe alarm
level and the actual background level. This is especiall
true during plant startup when most loose parts originace
Therefore, in addition to individual fixed alarm secpoint
for each channel the MIMS provides a floating threshold

.
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. oaly adjustments on the pcocessing electconics drawer

[ Y0
b

which cises and falls wich tihe bach;round.noise laval
shown in Figure 23. Small impacts below the alarm lavel and
ahove background noise levels are dececced and recocded Zorc
investigation. This abgli:y to detact small impacts <an

provide invaluabla time to mitigate damage befoce it Jecomes

seavere.,

)

Svstem Ogefa:ion

The design of the metal impact monicor places a ygrear Jeal

of emphasis on simplicity of operation; the use of a misc3-

orocessor resulets in a system which 1is ooth easy GO uJusé ang

capable of-p:esencing a great deal of ianfocmation. Furcher-
mora, the careful use of digical =lectronics resulets in 3

systam which needs litccle or no pecrindic recalibratisa; che

12

-~ -
-

for the output voltages of che DC powar supplies.

-

The oOperatdc comaunicaces with the system almost encics

N
-
2N

(4
[Q)

theough che fronc panel display and keytoacd, so cthac e
desccihe system operation by explaining how the various
keyboard kays are used. The keyboard is physically ana
functionally divided in two sections; che smallec, cn cie
left hand side of the front panel, contiins those keys
(mqstly aumeric) which are used to respond LO Systenm CzquesCcs
for information, while the largeé-seccion is used to encerc

system commands. We shall now discuss some of the kays ina

- 1ll6 -

\./



this larger seccion. Nocte chat the Xaylodck swinzh o nas

fcont panel can be used to praveat any paraaster modiiica-

tions from being performed ("OPERATHE" pcsician), and ©2

disable control board alarms during system tescing(“"TEST"

position).

6.4.1

Modifving Operating Paramacers

The laft hand column of system command kays is sn-
ticely concerned with displaying and modifying syscsa
operating babameters. Depressing .any of che tIp C2ur
kays in this column results in che presentation OC
the display panel of tﬁe systam scacus display shcown
in the following Figure 24. The accelerameter L0Ca-
tions are displayed Across the Lop £Ow of th2 Jdisplzy
(Reactor Vessel Upper, Reacto} Vessel Lower, Qnd

Steam Generators 1 through 4). The second row shows,

by means of the transducer tag auwnber, which of cie

. tw0 transducecs at each locarion is currencly Zeing

monitored. The third row shows eitiler the assume:d
gain satting of the related signal condirionecs
(chése values are used By che system t£O calcoulace
the factors for converting voles to g; ic 13 cZne
operatorc's responsibility to easure that the {alues
match the settings on the signal conditionecs them=-

selves), or the impact logging threshold. The logg-

ing threshold is that impact amnlitude below wnic:

~
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the systsm will 2nciczly ignoce iampacts. It ~oald

normally be set to zero, thus causing all lapaccs ¢
be logged, but experience has shown that in cne

event Of frequent minor impacets, such as mignc te
caused by the presaence of a small lomse parc ic is
desirable to be able :o.prevenc the logging of lcw
amplitude impacts. In this manner the occurrznce ¢

larger impacts is more rapidly observed. The fourctn

"row of the display shows the channel alarm secpoincs

and the fifth an approximate measure of the csolzac
flow induced background signal level. The backjround
level figure is intended for observing long cscm
trends in signal amplitude; it should remain esssn-

cially constant during normal planc operation.

Depressing one of the Eéu: upper Succoms in che lefc
Hand column of the command sactiocn of the keyboard
allows the cocrésponding garamecec# Lo Ve acdictli=a.
In all cases ﬁne system scacus display appe;:é anﬂ
the final line of the display is used Lo creguest e
necessary change information (the channel aumbec forc
which a parametar is to be modified and the aew parca-

meter value) from the opecator. If at any ctinme the

operator enters an impossible value for a paramecer

- 118 =
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he is prompted to cepeac che anccy. AS changss 303
made the scatus display is modified to c2flect cnhe

new systam operating paramecers.

In this manner the operator can alter the cransducers -
selectad for monitoring, the full scale sectings of

the signal conditioners, the logqging threshol.ids and

" the alarm secpaints. The fifch key in the lefc hand

column allows him to set the system clock 3and calencs<.

Nbctaining Events Raports

The upper keys in the sacond column allow the cpeci~
tor to display collected information concerning
events which have occured in che last cwo Cays. ALl

impact celaced information is collected on 3 2aily

basis, and impact counts, rates, &tl., ArC2 r£sl3el ac

" midnight each night. Two events on a single channel

wichin a one minﬁ:& peciod are cequiced Lefocz an-
avencs rceport will be formed Oc a conctzol Suaca
ilann jenerated. Isolaced eveacs (i.e., more chan =
minuce apact) are assumed to be spurious indicacions
unless an events repocclis alrzady in exlste=nce ¢
the channel in question; a separate ceport is coas

plied to retain isolated event daca.

- 119 -
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.4.3

VY -
- -

For @ach processiag channel raree’ cepcrts ace av

[

able: today's yesterday's and isolatad evears. all
event report are au:omaticélly printed aﬁ aidaigne.
A typical events report is shown in Eigure ;5.“ all
information is continuously updated. When an gvantcs
report is requested hy the operatdr, a list of those
cnanne;s oh which avents have occured is dféplayed.
He then selacts the channel numbec for the repcce

which he wishes to view.

The list 9of channels on which evancts have ocScucrzd
is 'also a default display, which appears wheénevec
the keyboa:d has not been‘accivaced in che lasc czn
minuces. Events reports for single avents and foc.

yesterday's events are very similar to the ¢neg snswn

in Figure 24.

Ocher Functions

Octher functions which can be performed from the fcnnc

panel keyboard include the selection of a transucsrs
signal foc aural monitoring, system self cest, and

system princer and (optional) tape recocdec conceal.

System self te2st is divided into functional unics,
including display, keyboard, program and data wemocy,

impact detectioan modules and channel incegricy. The

“
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shannel integrity nest makes Jse oL CAe KASWA IThnicil=

5

‘taristics of the signals batween the charge go2am-

plifiecs (inside conctaiament) and che signal csndi-
ticners (in the equipmentc rack) to verify thac <nég

cable batwaen the two units is aeither short aoc

open circuited, and that the charge preamplifizc 13

functional. A further semi-auctomacic cesc allows
the operator to verify calibracion-of the signal
conditioners and impact decscciocn modules, and tne
cocrectness of complied events ceports. Faulc
cepocts, together with a simple sec Of inscruccions
prcovided in the system manuél, permit the isdlacion
of faults to a specific circuit doacd. Self ct=2sc i3
performed ;uﬁomatically at.midnighet each nijnc; LI 3

fault is detected a message is dispalysd whica in-

‘struccs the operator to repeat the test to decsemine

the cause of the failure.

The final keyboard column allows the opecaccc C
request that either the date and time oc the curraac
front panel display be transmitted to the syscen
pcintec.' Since these oprations can be peciocmed

even while other transactions with the systen ifc‘
occurbing it is possible to maincaian a c0mpkece.ch

of all operator interactions with the system. Anocher
key controls operation of the oprticnal systam tape

cecorder.



6.5

MIM Module

The main purpose of the MIM Module is to discinjuisa
valid mecal impact signals from .noise and background
signals w~hich are normally present on tne inpuﬁ com
the Signal Conditioner. A valid metal impact signal
is defined to have all the following four charactec-

istics:

l. ?requenc?:“ aqual to the predominant resonanc
fraquency of the monitoced component as décsce-
mined by the inicial frequency detecnination Dy

a spcing loaded punch.

2. Amplicude: ac least twice the waximumu anglic.ds

.0f-the normal backgroud signal.

J. Duracion: greater than two milliseconds. Noomal
electrical noise spikes are less than two milli-

seconds duration.

4. Time of Qgcurrence: does ndCL occur ~hen [AanisLc

inpue signal is present.

Power Supplvy

Lighting Panel 219, Crk. 20

Location Rack E-7 in Control Room
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LOCATION RVU ARAVL SG1 8SG2 SG3 SG4
TRANSDUCER 750 752 754 755 758 760
S.C.F.S. 3.0 3.0 3.0 - 3.0 3.0 3.0
SETPOQINT 1.5 1.9 2.0 2.0 20 20
.|BACKGROUND 06 0.7 08 07 03 0.7
Svstems Status Display
Figure 24
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LOCN: RVU AVG AMPL: 1.2 FIRST EVENT

CH NO.: 750 MAX AMPL.: 2.6 07: 49: 13 )
SETP: 1.5 AVG RATE: 2.3+ LAST EVENT
NO.>SP: 23 MAX RATE: 12 08: 19: 23

' NO.<SP: 47 NO.SECEV: 1 AMPL: 1.7
NO. OF 1 MINUTE PERIODS WITH IMPACTS: 12
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Docket No. 50-247
March 25, 1988



‘ . \-..7= - Consolidated Edison Company of New York, Inc.

indian Point Station
Broadway & Bleakley Avenue

Buchanan, New York 10511-1099 January 22, 1988

Re: TIndian Point Unit No. 2
Docket No. 50-247

Document Control Desk

1. 8. Nuclear Regulatory Commission

ashington, DC 20555

SURJECT: Steam Generator Tube Inservice Inspection Program
1987 Inspection Program Results

The results of steam generator tube inspections as conducted at Indian
Foint Unit No. 2 (IP-2) during the recently concluded refueling outage are
reported in Attachment I to this letter pursuant to 1IP-2 Technical
Specification 4.13. The inspection program was described in our July 20,
1987 letter and approved by NRC by 1letter dated October 6, 1987,

Additiocnal information on the program was transmitted via a letter dated
Octcker 30, 1987.

Based upon ‘the results of the most recent inspections, we have concluded
that the next steam generator tube examinations should be conducted at the
time of the next refueling outage. We request that you review the cnclesed
report, and approve our proposed examination schedule in accordancc with
Technical Specification Section 4.13.C.5

Sheould vou or vour staff have any questions, please contact us.

Very truly vours,’

K

s;iﬁn( gém?L"“ :

Vice 'President
Nuclear Power

ittacnment

FLOXOSOTES™  29pp



ca:

Hr. William Russell

Regional Administrator - Region I
U. S. Nuclear Regqulatory Commission
631 Park Avenue
King of Prussia, PA 1940

Ms. Marylee M. Slosson, Projesct Manager
Project Directorate I-1

Division of Reactor Projects I/II

U. S. Nuclear Regulatory Commission
washington, DC 20555

Senior Resident Inspector

U. S. Nuclear Regulatory Commission
P.O. Box 38

Buchanan, NY 105il1
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Steam CGenerator Examination Program and EResults
1987 Refueling Outage

Cercolidated Edison Company of New York, Inec.
Indian Foint Unit Neo. 2
Docket N¢. 50-247
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Frxaminotion Program Description

Details ¢f the steam generator tube inservice examination program
planned for IP-2's eighth refueling outage were submitted to the NRC b+
Cen Fdison letter dated July 20, 1987,

NRC apprcval of the program was received by letter dated October 6,
1987. This NRC letter requested additicnal information, which we
transmitted in our Octecber 30, 1987 letter.

The scope, results and conclusicne of our steam generator tube

inservice examination program, as conducted during the eighth refueling
cutage just completed are discussed below. -

Scope of the Fxamination

a. Steam Generator Tube Fddy Current Examination

Cne hundred percent of the tubes in service in the four steam
generators were eddy currernt examined from the tubesheet to thie
first tube support plate on both the hot-leg and cold-leg sides.

Selected tubes in the hot-legs and cold-leas of Steam Generators
21, 22, 23 and 24 werc further eddy current examined for both dents
and defects. The selection ¢f these tubes was based primarily orn
the results obtained from inspections during earlier cutages. The
examinations wecre performed at 10, 200, 400 and 600 KHz.

Examination was conducted from the hot-leqg side of the channel
head. Tubes identified as "hot-legs" were examined from the tube
sheet, around the U-bend, to the uppermost support plate on the
cold-leg side. Tubes identified as "cold-legs" were examined
full-length from tubesheet to tubesheet.

A standard 700 mil or 720 mil dicmeter eddy current probe was used
to perform the eddy current testinqg. If any tube did not permit
passage of this standard 700 mil proke, the tube was eddy currert
tested with a 610 mil probe. If any tube did nct permit passage of
the €10 mil probe, it was plugged. Furthermore, the tubes
immediately adjacent to any tube that did not pass the €10 mil
probe were subjccted to eddy current examination.

Identification of the hot-leq and cold-ley tubes in Steam
Generators 21, 22, 23 and 24 which were eddy current examined for
dents and defects are given in Tables 1, 2, 3, and 4. In Steam
Generator 21, 766 tubes, or 24.8 percent of the active (in service)
tubes, were examined. 1In Steam Generator 22, 736 tubes, or 24.5
percent of the active tubes, were examined. 1In Steam Generator 23,
637 tubes, or 20.5 percent of the active tubes, were examined. 1In

Steam Generator 24, 662 tubes, or 21.7 percent of the active tubes,
¢ Were examined.



b.

1r. each steam generator, the eddy current examination frem the
hot-leq included tubes in the patch plate and peripheral "hard
spot” areas, a sample of tubes in the interior section cf the
bundle, and all active tubes in Rows 2 and 3. Tubes in Rew 1 were
not examined because these tubes in the four steam gererators were
plugged during construction. '

I'low Slot and Lower Support Plate Incrections

Using the hand holes above the tubesheet on the four stcam
generators, visual and photographic examinations of the flow slcts
in the lower tube support plates were made. Where feacible, higher
support plates were also phctographed through the flow slots in the
lower support plates.

Using the "hillside" inspection ports in Steam Generators 22 and
23, visual and photoqraphic examinations were made of the Zlow

clets in the uppermost support plates.

Secondary Side Examination

A video camera was passed around the annulus between the tube
bundle and the shell, and down the tube lane between the hot-legs
and cold-leygs to search for foreign obhjects in the steam
generators.

Steam Generator Sludge Analysis

The sludge removed from the steam generatcor tube sheets
during lancing operations was sampled and chemically analyzed.

- J-Tubes Examination

Ultrasonic examination of selected J-tubes from Steam Generator 22
was performed to determir~ whether any unusual wear patterns or
metal loss has occurred. '

Results of Examination

a.

Results of the Tube Examinstion

A total of 146 tubes with eddy current indications were left in
cervice in 1986. 1In 1987, the indications were no: found in 28 of
these. 1In 4% of these tubes the indications were reported to ke
larger than reported in 1986. In 62 of these tubes the indications
were reported to be approximately the same size (*#10%) and ir 11
tukes, the indications were reported to be smaller. Of the 45
tubes in which the eddv current indications were reported to be
larger in 1987 than in 1986, the maximum single increase was 37%,
erd the average increase was 15%. Of the 39 tubes in which the
indications were reported to be smaller (or to have disagppeared) in
1987, the maximum single decrease was 39%, and the average decrease
was 24%. lence it i3 not possible to derive a "growth rzte" for
these indications.
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The number of tubes with eddy current indications during the 1987
inspection and the distribution of the indications are listed in
Table 5. Tubes with indications evaluated at 40% of the wall
thickness or greater were plugged. The locations of the
indications and the eddy current probe voltage of each are listed
Ain Tahles 6A through &D. ’

Average dent size in the tubes in each steam generator was not
substantially different from that measured during previous st=am
generatcr examinations

The number of tubes that did not permit passage of a 610 mil .
diameter probe and their distribution are listed in Table 7.
The number of tubes pluyged this outage, tubes previously plugged,

tube plugging totals, and the current percentage plugged are licsted
in Table 8.

Results of Flow Slot and Lower Support Plate Examination

The photographs taken of the lower support platé flow slots
indicated essentially no change in the "hour-glassing” ir the flow

slets in the lower support plates in all four steam generators fromn
that found in previous outaqes.

During previous steam generator craminations, photographs revealea
cracks in the tube support plates at some flow slots in the steam
generators. The cracks are in the ligaments between the flow slot
&nd the first row tube holes. Examination of these flow slots
during the 1987 steam generator evamination program showed
essentially no change in the cracks.

Top Support Platc Examination of Steam Generators 22 and 23

The top support plates in Steam Gererators 22 and 23 were visually
exomined as was done in previous examinations. Examination is
accomplished by utilizing a borescope inserted through the one inch
diameter (nominal) "hillside port" provided in the steam cenerator

shells. No "hour-glassing” of the flcw slots in the top support
rlates was cbserved.

Pesults of Secondary Side Examination

Two new small foreign objects were cbserved on the secondarv side
of the tubesheet in the steam generators in addition to the chjects
cbserved during the previous examination. The objects could rot be
moved. A safety analysis, performed for these remaining objects
concluded that Indian Point Unit No. 2 can safely return tc power
and operate with the foreign objects remaining in the steam
generators until at least the next refueling outage, at which time
the intecrity of the steam generator tubes in the vicinit of these
objects will be reassessed.
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e. Sludge Analysis

'Sludge was removed from each of the steam cenerators by lancing.
(uantities of sludge removed are listed in Table ©. The sludge-
consisted of approximately 57% iron, 33% copper, and 10%
insolubles. . ' '

Corclusions

The 1%67 steam generator tube inservice examination demonstrates that
the Indian Point Unit No. 2 steam Generators are aceceptable for
continued service at full power.

Based on the results of this e:amination, the next -steam generator
examinatior has been scheduled for the next refueling outaae, which is
currently planned for the spring of 1989.

This scheduling for the next examination is appropriate for the
fellowing reasons:

o Our experience with steam generator tubes has been good. Since the
initial operation of Indian Point Unit No. 2, there have been only
seven instances of primary-to-secondarv leakage, which in all cases
has been very small. Ore leak occurred in the first quarter cf
1975. The leak was in onc tube near the tubesheet in Steam
Generator 22. The second leak occurred in the fecurth quarter of
1976. The leak was in two tubes near the top tube suppeort plate in
Steam Gererator 24. The third leak occcurred in Steam Generator 22
during the second gquarter of 1979. Due to its extremely small sire
(i.e., 0.06 gallonc per day), testing did rot identify the exact
location of the leak, but the leakv tube was included in those
preventively plugged. The fourth leak occurred in two tubes on the
cold-leg in Steam Generator 23 during startup hydrostatic testing
in April 1981, and the fifth leak occurred in another ccld-leqg tube
in Steem Generator 23 after a turbine trip in August 1981. The
sixth leak occurred in a tube on the hot-leg in Steam Generator
in February 1984. The scventh leak occurred in cne tube on the
hot~leg of Steam Generator 23 during startup hydrostatic testing in
February 1986, ¢ '

-
-

o In 1976 we plugged tubes which did not pass a 610 mil probe.
Profilometry was used as an added examination technigue cduring the
1980, 1982 and 1984 examinations. If the maximum strain was found
to be . acceptable in tubes which did not pass a 610 mil prchbe, the:
continued in service. Profilometry was not performed in 198( and
1987; we nlugged tubes which did not pass a 610 mil probe ircluding
those previously left in service based on profilometry. No onset
of increased tube degradation accompanied by tube leaks cccurred
when the unit was returned to service following anv of the
refueling/maintenance period steam generator examinations.
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During the 1987 examination, tubes in which eddy current signals
indicated wall loss equal to or greater than 40%, and tubeslwhich
did not pass a 610 mil probe were plugged. . No onset of increacsed
tube degradation accompanied by tube leaks is expected to occur
during future operation of IP2.

*

Should any tube leak occur, our Technical Specification 3.1.F
requires a thorough assezsment of its significance and

‘specifies applicable limiting conditions of operation.

As an additional conservatism we have voluntarily updated our *tube
leak assessment program to track detectable leaks at incipient
stages to assure that any sudden increases will be properly
analyzed and appropriste mitigative action taken.
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TABLF 1-A

HOT-LLC TUBES EDDY CURRENT EYIMINED
STFAM GENERATOK NO. 21

_COLUMN : NO. OF TURES

2-7,9-46,48-77,79-54,87-50,92
1-7€,79-92
1,2,23,27,28,45,50,77,78,91,92
1,2,22,24-26,29,44,46,49,51,91,92 :
1,2,24,26,28,45,50,51,63,64,67,91,92
1-5,24,25,28,30,34,44,46,56,62,
88,90,91,92
1-5,23,25-27,29,23,35,44,47,49-51,55
57,88-92
2-5,32,34,43,47,52,56,63,64,67,88,
90,91
2-5,29,33,39,41,44,46,49-51,56,87,
89,90,91
2-5,28,30,39,42,44,46,87,88,89,90,91
2-5,29,35,37,40-42,45,47,51,86, 88,
90,91
3-5,34,36,38,41,43,45,47,87,89,90
3,5,6,35,37,38,42,46,87, 90
6-8,37,39,46,51,88,89

- 6-8,36,39,45,47,88
4,5,24,39,41,43,46,88,89
5,6,23,25,31,40,42,44,51,87,88
5,6,87,88

5,6,39,87,88
6,7,15,18,21,24,27,30,33,42,45, 48,
51,86,87 '
7,8,31,33,38,40,85, 8¢
7,8,32,39,44,46,85,86

8,9,84,85

8,9,32,60,84,85
9,10,31,33,36,41,59,61,83, 84
10,11,32,35,37,40,42,51,82,83
11-17,36,76~81

12-17,76-82

12-17,51,76-21

15-17,76-78

15-1&,39-54,76-74
15-17,19,39,54,76-78
16,18,39,40,53,54,76,77
18,39,40,53,54,75,76

:\.‘.
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TABLE 1-A (continued)

36 19,20,24,25,27-54,73,74 34
27 20,21,23-54,72,73 36
38 21,22,24,26-54,71,72 ' 34
39 23,24,39,40,53,54,69,70 : 8
40 25-28,39,40,53,67,68 9
41 27,28,39,40,53,54,62-66€ 11
42 29-50,53-64 i4
43 32-37,39-42,53-61 19
a4 35-40,42-583 23

5 40-54 15

Total. Number of
Hot-Leqg tubes TAA




TABLE 1-0

COLD-LEG TUBES EDDY CURRERT EXAMINED
STEAM GFMFERATOR NO. Z1

POl : COLUMN T HO. NF THBRES
7 1-5,88,90,91,9> 9
8 5,88,91,92 4
9 5,28 2

10 2,3,%,90,91 5

11 2,3,5,89,90,91 ¢

1z 90,91 )

18 6 1

29 13 N 1

31 16 1

3z 1¢,29 ) 2

36 24,25,27,28,29,30,31,35,36,37,32,39, .

42,43,44,45,48,49,50,51,52 21

27 24-27,30,22,34-44,46,48-52 23

28 24,26-30,36-46,49-52 21

39 23,40,53,54 4

4c 27,39,40,53 4

41 27,40,53 3

42 32-35,39,40,53,54,57-61,64 14

43 32,34,36,27,39,40,56-60 11

44 35,36,54,57,58 5

45 50,54 2

Total Number of
Cold-Leg Tubes 141
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TABLF. 2-h

HOT-LEG TUBES EDDY CURRENT LXAMINED
STEAM GLNERATOR NO, 22

.CCLUMN ’ NO. CF TUBES

4,6,8,11-13,18,21,22,24-28,34-41,48,

52-57,62-74,76,77,78,80-83,85,86,89-92 5%
1,2,3,5,6,8,9,11~14,17-22,24-30,34-45, o
48-52,54~57,59,60,62-92 ‘ 78
1,2,7,9,10,15,16,23,24,31,32,33,46,47,
52-54,56,58-60,63,87,91,92 : 25
1,2,8,23,25,32,33,47,51,55,58,61,62,64, _
67,86,88,91,92 : 10
1,2,24,31,34,39,46,48,51,52,€0,62,63,66,

€8,87,91,92 18
1,2,32,33,38,46,48,51,53,58,60,62,67, 50,

91,92 16
1,2-5,30,31,33,37,39,44,45,47,52,59,61,

63,88,89,91,92 ' 2
2,3-5,29,31,32,38,43,46,51,60,62,88,89,91 16
2-5,30,31,33,45,47,88,90,91 12
2-5,32,46,70,90,91 9
2,3-5,51,69,71,88-91 11
3,4-6,51,70,88-20 : 9
3,4-6,24,37,87,90 e 8
3,4,5,23,25,36,38,51,88,90 10
4,5,24,25,37,88,89 : 7
4,5,22,23,26,88,89 7
5,6,21,23,25,51,69,87 8
5,6,22,24,28,68,70,86,87,88 10
6,27,29,67,69,79,85,87,88 9

6,7,13,15,18,21,27,29,30,36,39,42,45,48,

51,65,68,78,80,86 20
8,28,62,64,66,67,79,85 8
€,49,50,61,63,65,6¢,68,85,86 10
8,9,41,48,51,53-55,61,63,67,84,85 13
8,9,40,42,49,51,52,59,62,84,85 11
9,10,41,50,57,58,60,83,24 :
10,11,50,53-56,58,60,81-83 12
11,12-18,77-81 13
.11,12-17,77-82 13
12,13-17,51,78-81 1
15-20,74,75,77,78 : 10
16-18,20,39-54,73,76,77,7R 24
15-17,19,39-54,74,76,77,78 ’ 24

18,19,39,40,49,53,54,75,77
17,18,39,40,48,53,54,74

[§e}

0



38
39
40
41
42

2
-

44
45

TABLE 2-A {continued)

19,20,39,40,49,51,53,54,73,74
20,21,23-54,73

21-54,71,72 .
23,24,39,40,53,54,69,70
25,26,27,39,40,41,53,54,67,68
27,28-40,54-66 :
29,30,34-41,53-64
33-37,40,41,52-61

36-39,41-52

39-50 '

Total Number of
Hot-Leg Tubes
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TAEPLE 2-8

COLD-LEG TUEES EDDY CURRENT FXEMINED
STEAM CFNERATOP. NO., 22

ROW LCOLUMN - : NO. OF TUrLs
3 58,59,60,63 4
n 2-5,88,89 (
Y 3,4,5,51,88,9] : : g

10 2-5,88,90,91 7
11  2-5,90,91 . » 6
12 ' 3,4,5,51,89,90,91 . 7
13 51 _ y
18 3 i
21 15,18 2
35 17 1
36 19 1
37 © 23-52 30
38 23-52 . 20
39 - 23,39,40,53 : . 4
40 27,39,40,41,54 "5
41 29,30,32-40,55,56,59-66 21
42 30-32,34-41,53,55-64 22
43 33-35,37,40,55-61 R 12
44 37-39,43,47-50 8
45 _ 44,47,48,50 a

|

Total Number of )
Cclad-Leg tubes 178
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24
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TABLE 3-1

HOT-LEG TUBES EDDY CURRENT EXAMINED
STEAM GEMIRATOR NC. 23

COLUMN ' NO

14-17,19-30,33-43,45,48-52,55-€0,
64-80,82,84,85,87-92
1-31,33-54,56-92
1-14,32,55,91,92
1,2,91,92

1,2,91,92

1,2,90-92
1-4,€,70,72,88,89,91,92
2-6,46,47,71,8€,90,91
2-6,46,48,87,90,91
2-6,47,86,89-91
2-7,46,48,€2,87,89,90,91
-6,47,86-90

-6,88-90

-6,46,87,89,90

,5,88,89

-6,88,89

,6,46,87,88

5,6,87,88

5,6,36,87,88 , .
6,7,16,19,22,25,28,31,34,37,40,
42,46,86,87

7,8,36,85,86
7,8,47,85,86
£,9,46,48,84,85
8,9,47,84,85

9,10,83,84
10,11,46,€2,83
11-16,77-82
11-13,15-17,77-82
12-17,46,77-81
15-17,77,78
15-17,39-54,77,78
15-17,34,39-54,77,78
16,17,39,40,53,54,76,77
18,19,39,40,53,54,75,76

2
3
3
3
4
4
5

. OF TUBES

65
90
1g

11
11
10
10
13
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36

- 37

38
40
11
az

42

4
-

45

TABLE 3-2 (continued)

20,39,40,53,54,73,74

-21,23-54,72,73

21,22,23-54,71,72

23,24,33,35,36,39,40,53,54,69,7C

25,26,21~34,36,37,40,54,67,66
27-31,33-35,37-40,52,55-66
29-36,36-40,53,55~¢€4
32-37,39,40,53-61
35-51,52,54-58

39-53

Total Number of
Hot-Leg Tubes
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TABLE 3-R

CCOLD-LEG TURES EDDY CUPRENT EXAMINED
STEAM GENERATOR NO, 23

COLUMN

1,2,4,6,88,89
2,2,5,46,88,9C,91
2-6,96,91

2-6,90,91

23-%4

23=-52
35,36,39,40,53,5
31,32,34,37
27-30,35,38,64,65,66
29,32,34,35,36,40,53,57,58,64
34-37,40,53,54,56-60
41,43 ,4€,57,58

NO.

Total Mumber of
Cold-Leg Tubes
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TABLE 4-A

HOT-LEG TUBES EDCY CURRENT EXAMIMED

STEAM GENFERATOR NO. 24

e

COLUMN

1,3-7,10-1€,18-24,26-33,43, 44,45,

47-52,58,60-67,69,71-77,80,81,85,87-92

1-38,41-52,57-92
4-9,15-18,25,37-41,47,48,
51,53,55,56,82,84,85.

24,26,37-41,52-54,56, 57 65, 82 83 86

25,26,48,63,66,84,85 :
1-5,25,27,44,47,49,64,65

4,5,26,27,43,45,47,48,88,89,90,91,92

2,3,5,6,26,44,46,48,51,55,68,89,90, 9]

2,3,4,6,88,89,90,91 '

2-5,7,25,27,29,45,47,49,51,55,88-91

2-5,7,23,26,28,30,46,50,88-91
3,4,6,22,24,29,88-90

3,5,23,88-90

4,5,25,46,88-90

24,26,27,28

23,25,28,65

24,27,44,45,46,64

44,46 ,65

45

13,16,19,22,25,28,31,34,37,40,43-47

43,44,45,46,47

43,44,45,46,47

32,33,43,44,45,46,47

9,31,43,44,45,46,47

10,11,12,32,33

12-17,46

14-17,37,77-82

12-17,36,38,39,42,76-82

12,13,16,17,37,38,40,41,43,46

15-17,39,42,76-78

15-19,39-54,76-78

15-17,26,39-54,76-78

16,19,20,39,40,53,54,76,77

19,20,39,40,53,54,75,76

NG,

OF TUBES

63
86

25
16

12
13
14

=
~) @

=
30N O Wnm

LED IR BV U L O 4 T T VS T o ) SN SN AN

w

17
10

24
23
9



| : . TABLE 4-A (continued)
|
| ‘ 36 20,23,24,27-34,39,40,52-54

37 23-54

36 23-54

39 . 39,40,52,53,54 -

40 39,40,52,54,60,65

a1 27-40,52,53,54,56-59,61-64,66
42 29-40,53-60,62,63

43 32-37,39,40,52,53-61

44 35,39-46,48-52,57,58

4c 41-46,48-53

Total Number of
Hot-Leg Tubes
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16
11

36
37
38
39
40
41
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43
44
45

TABLE 4-B

COLD-LEG TUBES EDDY CURRENT LEXAMINED

STEAM GENERATOR NO.

LCOLUMN

3-5
4,5,88,89,91
2,3,88,90,91
2,3,4,88,90,91
2,3,4,89,90,91
2-5,46,88-91
24,27-34
26-30,33,34,37-51
25-28,30,31,38,40,42-51
39,40,52,53,54
39,54
35,40,52-54,56-58

24

29,30,34-36,39,40,53-58,60,62,63

32-37,39,53,54,56-60
35,40,42-46,48,57,58
46,48

Totai Number of
Cold-Leg Tubes
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TABLE 5

NUMBER CF TUBES WITH EDDY CURRENT INMDICATIONS .
(PERCENT WALT. THINNING)

20-29%

(18]
wm

24
16

30-39%

34

[N]
“w 0

19
10

40-49%

0

w0

£0-59%

0
a

(@]

60-69%




COLUMN

53
56
44
53
55
60
38
43
53
60
51
60
69
35
24
33

58

TABLE €-2

LOCATION OF INDICATIONS 2> 40%
STEAM GENFRATOR NO. 21

ITNCHES ABOVE TURESHEET:

S
. . . . . » . . » . . .

P ODONBDWINWOONDOHAIW.DN

e .
ONKHKFHDJIJOUNINDNDNWD JOWO
e »

VOLTAGE

0.40
0.50
1.38
0.83
1.09
0.93
0.77
0.31
0.72
0.42
1.22
0.57
0.39
0.62
0.77
0.43
0.49
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COLUMN

35
29
68
63
72
71
73
28
46
47
27
26
58
50
54
30

TABLE 6-B

LOCATION OF INDICATIONS
STEAM GENERATOR NO. 22

INCHFS ABOVE TUBESHEET

L T
HWwbaHBOLBHEEOCODONO NN

OO FHFMNORFROMMDbBDOKFIKMWR

VOLTAGE

0.43
0.46
0.53
0.65
0.59
0.50
0.51
0.72
0.36
0.42
0.55
0.77
0.86
0.45
1.35
0.59
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TABLE 6-C

LOCATION OF INDICATIONS 2> 40% .
STEAM GENERATOR NO, 23

RO COLUMN . INCHES ABOVE TUBESHEET VOLTAGE -

7 22 0.0 1.14
7 38 2.4 0.56
7 68 1.1 1 0.77
8 37 2.3 0.91
8 38 2.3 0.66
8 68 G.9 - 0.31
9 31 1.6 1.20
9 38 1.8 1.32
9 39 2.4 0.91

10 39 2.8 0.83

11 46 9.3 0.51
2 40 1.0 0.62

12 57 4.0 0.40

14 28 2.3 0.36

14 26 3.0 " 0.81

15 71 0.7 0.98

15 72 0.6 0.82

1e 49 4.0 0.67

20 35 2.0 0.84

20 36 1.6 0.94

20 49 3.0 0.53

21 34 0.9 0.91

21 35 1.3 0.67

21 47 5.1 0.42

22 : 41 2.1 0.68

a5 59 1.2 0.86

28 33 0.5 1.47

28 38 1.9 0.57
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22
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31
44
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COLUMN

24
25
40
66
20
38
67
27
20
24
48

57

26

23
24
59
30
70
69
55
68
69
47
60
34
37
40
52
49

TABLE 6-D

LOCATION OF INDICATIONS
STEAM GENERATOR NO. 24

INCHES ABOVE TURESHEET

. . . . 3 . . . . .

QO+ KHFWOMOCOOO

[
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. s e & =& & & 8 ¢ 0 s ¢ o . .
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VOLTAGE

0.%8
0.96
0.76
3.93
.77
0.83
2.27
0.86
0.72
1.03
0.97
0.70
1.1
0.9
1.0%
1.07
1.358
.70
0.55
1.16
0.69
0.91
0.64
0.57
0.35
0.80
1.10
2.82
1.43



" TABLE 7

NUMBER OF TUBES PLUGGFD IN 1987
BECAUSE OF TUBE RESTRICTIONS

. S/G 21 3

S/G 22 0
S/G 23 11 _
S/G 24 5

TABLE 8

SUMMARY OF PLUGGED TUBES

S/G Plugged Previdusly Total Pecrcent

NO. in 1987 Plugged Now Pluggecd

21 22* 177 199 6.1

22 16 249 265 8.1

23 39 149 188 5.8

24 34 201 235 7.2
Total 111 776 887 6.8

*

Includes 2 tubes plugged with sentinel plugs
because of North Anna-related concerns.



TABLE 9

SLUDGE REMOVAL IN

S/G NQ.
21
22
23

24

Total

AMOUNT OF

306

201

316

226

1049

1987

SLUDGE
1bs
ibs
1bs

1lbs

1lbs




