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£ INTRODUCTION

On Septemper 10, 1993, TMI-1 was shut down for Refueling Outage 10R. During
thie refueling outage, GPUN performed Eddy Current (ECT) examinations of the
Once Through Steam Generators (OTSGs). The scope of the examinations included
tubing, plugs and sleeves. The tubing examinations were required by Technical
Specification 4.19 (Reference 1), and GPUN engineering requirements. The
sleeve examinations were performed as part of their installation process, for
newly installed sleeves, and t> monitor the condition of the previously
installed sleeves.

During Outage 10R, a total of 2119 examinations were performed on 1559 tubes
and 249 sleeves in OTSG A and 1334 examinations were performed on 1083 tubes
and 253 sleeves in OTSG B. Based on these examinations, indications requiring
repair were identified in two tubes. One tube in OTSG B was removed from
service by plugging and one tube in OTSG A was repaired by sleeving. This
brings the total number of plugged tubes to 1268 in OTSG A and 373 in OTSG B.
The number of sleeved tubes is now 249 in OTSG A and 253 in OTSG B.

This report was prepared to satisfy the reporting requirements of Technical
Specification 4.19.5.b (Reference 1). The data was extracted from GPUN TDR
1134 (Reference 11).

11. METEODS
A.  DATA ACQUISITION

The Eddy Current (ECT) Examinations were performed using the Zetec Mll-
18, Digital Multi-Frequency Eddy Current System. The data was recorded
on optical disks and transferred via a fiber optic link to the data
analysis trailer.

The data acquisition was performed remotely using B&W "ROGER" in-head
fixtures and Zetec Model 4D probe pushers. 1In the past, switchers have
been used to permit alternating between different types of probes.
During this outage, the use of the fiber optic link reduced the number
of probe changes eliminating the need for the switchers. During this
outage, "ROGER" fixtures were installed in all four OTSG heads
permitting the examination of plugs in both the upper and lower
tubesheets and allewing the examination of tubing from either head.
This arrangement also permitted the examination of tubes from the lower
head while tube sleeves were being installed in the upper head.

The ECT examinations utilized a variety of techniques anc probes which
were tailored to the specific area being examined. The examinations
were performed under GPUN surveillance procedure 1300-4B (Reference 5)
and are discussed in the following section. The specific probe models
used are listed on Table II-1.
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The general examination of the tubing material was performed from the
inside of the tubes using the bobbin coil probe. This probe is the most
durable probe available and permits examining the tubes at speeds up to
24 inches per second. The data from the bocbbin coil probes was used for
the detection of tube wall degradation including IGA, IGSCC, tube to
support plate wear and any other general degradation. It was also used
to measure tube diameters and profiles. All of the bobbin coil
examinations were "full-length examinations" unless otherwise noted.

For the purpose of this report, full-length is from the kinetic
expansion transition in the upper tube sheet tc the roll expansion
transition in the lower tube sheet.

In the case of tubes with no previous degradation, these examinations
were nerformed using a .510" diameter probe with an examinaticn speed of
24 inches per second. For tubes with previocus indications, the
examinations were performed using a .540" diameter probe at a speed of
12 inches per second. This reduced speed was employed to provide the
most constant probe speed practical and to reduce problems associated
with the high fill factor of the probe. The purpose of these initial
examinations was to screen indications for further evaluation.

Tubes with indications screened during the bobbin coil examinations were
re-examined using the logic shown on Figures II-1 and II-2. In summary,
this evaluation process ensured that sach newly screened indication was
examined using both a bobbin coil and pancake coil probe to characterize
the extent of degradation. This basis for this process has been
previously documented in References 2,3,4, and 9. ¥For previously
identified indications, previous 8x1-ABS or MRPC examinations are
considered valid unless the bobbin coil indication has changed
significantly. The combined information from these probes was then
factored into the disposition of the tube.

Wed : :

The tubes in the lane/wedge region of the OTSGs are subject to high
cycle fatigue failures at the 15" tube support plate and at the
secondary face of the upper tube sheet. The failures typically occur at
the edges of the support structures and are circumferentially oriented,
which limits the sensitivity of the bobbin coil probe in this area. To
overcome the limitations of the bobbin coil probe, these areas are
examined using a pancake coil probe. The coil orientation and surface
riding design of the pancake coil probe improve the sensitivity for
detecting circumferential flaws and minimize the negative effects of the
support structures or any denting which may be present.

At present, there are two basic designs of pancake coil probes available
for this examination, the Bx1-ABS probe and the Motorized Rotating
Pancake Coil (MRPC) probe. The 8x1-ABS probe has been used for this
examination since 1988-7R and was used for the majority of these
examinations during Outage 1993-10R. The MRPC pfobe is designed to be
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more durable than the 8x1-ABS probe and provides additional analysis
capabilities, however, the MRPC probe’'s data acquisition process is more
complex and slower than the 8x1-ABS probe (0.2"/sec versus 6"/sec).

With the completion of the preventive sleeving efforts during outage
1993-10R, the scope of these examinations has decreased significantly.
The original scope of these examinations (1988-7R) included
approximately 420 tubes per OTSG. During this outage, the scope of
tubes was reduced to approximately 220 tubes per OTSG for Outage 11R.

Specialized Tube Examinations

During the conduct of examinations using both the bobbin coil and 8xl-
ABS probes, ambiguous indications are detected and require further
evaluations. These indications are resolved by examining the suspect
area using the MRPC probe and correlating the results of the various
examinations to determine the disposition of the tube.

Tube Sleeve Examinations

During Outage 10R, GPUN installed tube sleeves in approximately 125
tubes in each OTSG. In support of the sleeve installation, eddy current
examinations were performed both prior to and after the sleeve
installation. Prior to sleeving, each tube was examined using the .510"
bobbin coil probe. This examination was performed as a general tube
examination (A.2) with additional data analysis. This analysis,
referred to as "Bobbin-Profilometry”, consisted of measuring the
diameter of the tube in the locations where the sleeve roll expansions
are to be placed.

Following the sleeve installation, the .431 inch inner diameter sleeves
were examined using a .400 inch diameter combination bobbin coil and
cross axis coil probe. This probe was used to examine both the parent
tubing and the sleeve material for degradation in both the ncwly
installed (10R) and previously installed (9R) sleeves. In addition, for
the sleeves which were installed during 10R, the data was evaluated to
measure the diameter of the roll expansions using the "Bobbin-
Profilometry” process. A rotating cross axis probe was also available
to evaluate ambiguous indications but was not used.

DATA ANALYSIS PROCESS

The eddy current data analysis was performed using GPUN Procedure 6100~
QAP-727" Nn63, Revision 0 (Reference 6). This procedure is based on the
recommendations of the EPRI PWR Steam Generator Inspection Guidelines
(Reference 7) and also meets the requirements of the TMI-1 Technical
Specificat.ons (Reference 1) and the ASME Code (Reference 10).

Data Analyst Qualifications

The data analysis process was performed by Conam Nuclear personnel
qualified and certified to at least Level IIA, in accordance with their
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approved program. As a supplement to this gualification, site specific
indoctrination and training was attended by all data analyst personnel.
The program included both classrocm lectures and hands on practice using
eddy current data and experience from both TMI and another B&W designed
plant. The training covered generic OTSG degradation mechanisms and
examination methods and also specifically addressed the Bobbin Coil,
8x1~ABS, and MRPC methods which are used at TMI.

The total indoctrination process encompassed approximately 16 hours and
was conducted by the designated lead analyst. At the completion of the
indoctrination, each data analyst was required to pass a performance
demonstration prior to analyzing bobbin coil or 8x1-ABS data for each
method to be analyzed. Since tha MRPC examinations are periosrmed in a
very specific manner, no performance demonstration was required.
Appendix Vi is an outline of the program.

Data Analysis Seguence

The data analysis process was performed in accordance with the same
procedures used for the data analyst indoctrination and training. The
process was performed in three (3) parts with at least two (2) separate
data analysts evaluating 100% of the data for each examination. The
only exception to this was the "profilometry" portion of the
examinations performed for tube sleeving. This portion of the data
received only a single analysis with graphic printouts provided to B&W
for review by the procese engineers. The data analysis process
included:

1. Primary Analysis: The primary analysis included a 100% evaluation
of the ECT data and the recording of all attributes identified in
Appendix I. This analysis included recording the phase angle,
percent through wall, voltage, circumferential extent and location
of the indications.

2 Secondary Anelysis: The secondary analysis also included a 100%
review of the ECT data for the attributes identified in Appendix I.
This analysis, performed as a blind review, was performed in the
same manner as the primary analysis.

3. Resolution Analysis: To complete the analysis process, the results
of both the primary and secondary analyses are reviewed by the
designated lead analyst. This review combines the primary and
secondary analyses results and also resolves any discrepancies. For
Outage 1993-10R, this function was performed by a Level III Data
Analyst. 1In the case of indications which are reported as pluggable
by one analyst, kit are resolved as being non-pluggable, the
resolution process is documented using a "Oversuling Pluggable
Indication" report form.
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Data Analysis Software

The data for all examinations was evaluated using the Zetec Eddynet
Analysis software., Version 22, for the primary, secondary and resolution
analysis.

Recording Of Indications

Eddy current indications were recorded to permit dispositioning the
examination results and to facilitate monitoring the tubes during future
examinations. The recorded indications fall into twe basic groups,
"Indications from Tube Wall Degradation" and "Indications from Possible
Damage Precursors”. The specific criteria used to record the
indications is dependent upon the type of probe being used. A complete
list of all abbreviations and definitions used to classify indications
i8 included as Appendix I.

. : 1 (at i

Indications of tube wall degradation are initially recorded during the
analysis of the bobbin coil data. When practical, the indications are
assigned a "percent through wall" value based on the phase angle of the
indication. When the indication cannot be accurately assigned a through
wall value, it is assigned a three letter code such as BVC, DN1, DSI,
DRI, DTI or NQI which indicates the presence of a possible flaw. In
either case, the indication’s location, amplitude, signal phase angle
and "percent through wall" or three letter code are recorded to permit
fvrther evaluation of the tube.

Or.ce the initial screening of the indications is completed, supplemental
etaminations are performed using the pancake coil probes if previous
dita is not available or if the indications have changed. The data from
these examinations is analyzed and indications are recorded using three
letter codes which indicate the approximate geometry of the degradation.
In general, indications are recorded as SCI, SAI, MCI, MAI, SVI or MVI.
These codes indicate whether the indication is single (8) or multiple
(M), circumferential (C) or axial (A), and whether or not a volumetric
(V) condition is present. Like the bobbin coil indications, these codes
are recorded along with the location, amplitude and phase angle of the
signal.

icati ¢ Possibi ;

The analysis of the eddy current data also identifies indications which
are not attributed to tube wall degradation. These indications may be
the result of irregularities in the tube wall profile (IDC), changes in
the magnetic permeability (PVN), denting (DNT) or other changes in the
electrical impedance of the tube, not related to tube wall degradation.
These indications are recorded for information only and do not require
follow-up examinations.
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tndtasti . I . alized .

The data analysis for specialized examinations such as Bxl-ABS or MRPC
probes requires a process which is different than the bobbin coil
examinations In the case of these examinations, the data is typically
evaluated to confirm a previously recorded indication. As such, the
data is recorded to support dispositioning a given indication by length,
size, depth or location on a case by case basis.

Indication Locations

The locations of the ECT indications are recorded to identify their
"elevation" or "axial locaticon” in the OTSGs. For free span
indications, the locations are recorded in inches above "+" the
tubesheet surfaces or tube support plate center. Fou indications
located within or adjacent to the tube suppoi't plates, the indications
are recorded as "+" or "~-" from the center of the T.S.P. The relative
locations of the tubesheets and tube support plates (T.S.P.) are shown
in Figure II-3.

. I

The combined results of the Bobbin Coil and Pancake Coil examinations
are used to disposition the individual tubes. This dispositioning
process may involve data which was analyzed by several different data
analysts. Since the various techniques are complimentary and do not
necessarily supersede one another, the individual evaluations of each
technique are not changed to reflect the disposition of the tube.

RECORDS

The results of the eddy current examinations are considered to be
permanent records. The followi.., recordes have been transmitted to
Information Services for retention.

Optical discs containing the raw data and the primary, secondary and
resolution results.

. Printed copies of the primary, secondary and resolution results.
. Printed copies of "Overruling Pluggable Indication” forms.

. Printed copy of the data base containing the complete examination
results,

. Copies of the site orientation and indoctrination forms.
. Copies of the data analyst performance demonstrations.

. Computer diskettes contaiing the ISIS data base used to dispositicn
the tubes.
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FIGURE II-3
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NAME

Bobbin

Bobbin

8x1-ABS

MRPC

MRPC

COMBO

TABLE II-1
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LISTING OF PROBES USED DURING OUTAGE 10R

COIL
PROBE MODEL COIL DESIGN DIAMETER
# USED
A-540~LC/NF/M/HF Bobbin .540"
Differential
A-510-LC/NF/M/HF Bobbin S10*
Differential
BC-5240-~-555-A0187 Pancake .187*
8-Coil
Absolute
B~510-MRPC/PH Pancake 329"
1-Coil
Absclute
B-520-MRPC~3C/7PH Pancake 125"
3-Coil
Absolute
2AX-400~-6FLC/DIFF Bobbin/ . 400"

X~-Axis
Differential

USE

Tubes with Indications

Tubes without Indications
Profilometry Exams
Lane/Wedge

Tubes with Indications

Lane/Wedge
Tubes with Indications

Lane/Wedge
Tubes with Indications

Installed Sleeves

All PROBES WERE MANUFACTURED BY ZETEC INC.
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111. QUTAGE 10R EXAMINATION CATEGORIES AND RESULTS

The locations of the tubes and sleeves examined during Outage l10R are shown on
Figures III-1 through III-4. The examinations were performed in two major
groups, based on the exam:nation requirement.

A. Examinations Required by Technical Specification 4.19
B. GPUN Elective Examinations (Tubing)

These groups are further divided into specific categories cof tubes. When
classifying the tubes by examination category, scme tubes may satisfy the
criteria for more than one category and may need to be examined with more than
one probe in which case the tube will appear in more than one category. If
the tube meets the criteria for multiple categories requiring examination with
the same probe, thc tube is placed into the first category which applies,
following the sequence of this report. As a result of this sequence, some
tubes may appear to be missing from a category because they were previously
examined. For example, a lane/wedge tube may have been examined as an ISI
tube and will not be re-examined as a lane/wedge tube. This section defines
the examination scope, purpose, selection criteria, and examination results by
category.
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A.  EXAMINATIONS REQUIRED BY TECHNICAL SPECIFICATION 4.19
A-1  PREVIOUSLY DEGRADED TUBES

Data Sets: ISI, ISI-9R
Probe: .540" - Beobbin
Extent: Full Length

SCOPE

In OTSG "A", 288 tubes were examined.
In OTSG "B", 39 tubes were examined.

REASON FOR EXAMINATION

The examination of the "Degraded" tubes provides a means of monitoring
existing degradation. New examination results are compared to the results of
previous examinations to determine if there is evidence of an active
degradation mechanism occurring in the OTSGs.

SELECTION CRITERIA

The "Degraded Tube" population was selected to meet the requirements of
Technical Specification 4.19.2.a.1, which requires the examination of all
inservice tubes which have previously identified tube wall degradation of 20%
T.W. or greater. During the period of 1981 to 1988-7R, tubes were screened
with the bobbin coil probe and all indications were then examined using the
8x1-ABS probe. Tubee with indications 220% T.W. which were confirmed by the
8x1-ABS probe were then considered to be degraded and were included in this
population,

One of the inherent limitations of the Bx1-ABS probe is the variability of the
eddy current field based on the coil to discontinuity orientation. This
variability is most pronounced for small discontinuities and using the above
method, tubes with small indications tended to drop in and out of the
"Degraded Tube" population. To reduce this variability, starting with the
1990-8R examinations, all inservice tubes with bobbin coil indications of 20-
39% through wall are included in this category. These tubes, with degradation
detected prior to 1991-9R, are identified as the sub group of "ISI".

The second sub group was identified as ISI-9R. This group includes
indications identified as 20-39% through wall for the first time, during
Outage 1991-9R. These tubes were identified separately to permit additional
sorting capabilities in the computer data base.

RESULTS

The results of the 10R examinations of the "Degraded" tubes were consistent
with previous examination results. The majority of tne previously identified
indications showed no evidence oi change from previous examinations. In two
cases (one in each OTSG), the reported % through wall values exceeded the
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established plugging criteria, One tube was repaired by sleeving and the
other was r~moved from service by plugging.

QTSG A

One (1) tube (A-74-30) had an inner diameter initiated indication of >40%
through wall in the upper tubesheet portion of the tube. This section of
tubing was repaired by inserting an 80 inch sleeve from the top of the upper
tubesheet. This sleeve is the same design as the sleeves installed in the
lane wedge region.

QISC B

One (1) tube (B-B-44) had an inner diameter initiated indication of >40%
through wall in the freespan portion of the tube and was removed from service
by plugging. The indication in this tube was determined to be a single
volumetric indication (SVI) by the MRPC probe. Since the indication was
previously examined and determined to be a l-coil indication by 8x1-ABS, and
the amplitude of the bobbin coil indication had not changed, it was determined
to be a l-coil indication for the application of the stabilization criteria.

TRENDING OF 1.D. INDICATIONS

To monitor for evidence of continuing degradation of ideutified indications,
the 1993-10R examination results were compared to the 1591-9R results. The
indications included in thie comparison were previously recorded indications
with through wall values of 16% or greater (See note on Table III-2) in both
1993-10R and 1991-9R. A complete listing of the indications is shown in
Table III-1 and Appendix II.

In "A" OTS8G, 165 indications met the above criteria. The mean change in the
indications was -0.5% of wvall thickness between 9R and 10R (standard deviation
6. 68% of wall). The amplitude of these indications showed a mean change of
+0.19 volts (standard deviation 0.33 volts).

In "B“ OTSG, 35 indications met the criteria. The average change in the
indications was -0.8% of wall thickness between 9R and 10R (standard deviation
6.32% of wall). The amplitude of these indications showed a mean change of
+0.05 volts (standard deviation 0.13 volts).

when combined, the average change per indication for both OTSGs was -0.6% of
wall (standard deviation 6.62% of wall). The mean amplitude change was +0.16
volts (standard deviation 0.28 volts).

To determine the significance of these changes, the data was compared to
similar evaluations performed during previous examinations. Based on this
comparison (see Table I1II-2), in which the mean change has been both positive
(apparent increase in the depth of the indications) and negative (apparent
decrease i1n the depth of the indications), the identified changes are
considered to be within the qualified repeatabil‘ty of the ECT process, and do
not indicate a trend of ongoing degradation. This variability is discussed in
Reference 3.



Total Degraded

Tubes Included

Indications 1in

Tubes Excluded

- w

Comparison

TABLE III-1

Attachment 1
Revision 0
Page 17

COMPARISON OF INDICALIONS IN DEGRADED TUBES

NUMBER OF TUBES

Tube Population

in Comparison *

Comparison

from Comparison **

includes only indications >16% T.W.

OTSG A

288
125
165
163

Excluded indications were not recorded as >16% T.W,

OTSG B

39
25
35
14

TOTAL

327
150
200
177

in 9R and 10R.

in SR or 10R.

% Through Wall Comparison
No. Inds No. Inds No. Inds Mean std
Number 8 T.W. T.W, 3 T.N. Change Deviation
Indica- Increased Decreased Unchanged % T.W. t T.W.
OTSG tions 9R-10R 9R-10R 9R-10R 9R~10R  9R-10R
A 165 56 63 46 -0.5 6.68
B 35 13 15 7 -0.8 6.32
Both 200 69 78 53 -0.6 6.62
A&B
litude ¢ :
No. Inds No. Inds No. Inds, Mean Std
Number Volts Volts Volts Change Deviation
Indica- Increased Decreased Unchanged Volts Volts
OTSG tion 9R-10R 9R-10R 9R-10R SR-10R  9R-10R
A 165 121 41 3 0.19 0.30
B 35 22 11 2 0.05 0.13
Both 200 143 52 5 0.16 0.28

AkB
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TABLE III-2

COMPARISON OF STATISTICAL EVALUATION TO PREVIOUS EVALUATIONS

Number Mean STD Mean STD

Indica- Change Deviation Change Deviation
Period tions ' T.W. $ T.W. Volts Volts
1984/1986-5M 152 -2.6 6.1 -0.2 0.3
1986-5M/1986-6R 118 3.3 6.6 0.0 0.2
1986-6R/1988-7R 119 +2.6 $.5 +0.2 0.3
1988-7R/1990~8BR 291 +0.2 7.43 -0.25 0.35
1990~8R/1991-9R 229 -2.0 6.96 +0.07 033
1991-9R/1993-10R 207 ~0.6 6.62 +0.16 0.28

Previous data extracted from GPUN TDR 1068, Revision 0 (Reference 8).

NOTE : For outages 1984 through 1988-7R, all indications were examined
with both the 8x1-ABS and .540" bobbin coil probes and only
indications »20% T.W. and confirmed by both probes were included,.
This criteria biased the data by eliminating threshold level
indications which showed a decrease in % T.W., thereby dropping
below 20% T.W., or were affected by the variability of the 8x1-ABS
probe. For 1990-8R through 1993-10R, all indications 216% T.W.
were included, which allows for the variability of the process and
accounts for the increased number of indications.
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A-2 TECH. SPEC. RANDOM SAMPLES
Data Sets: 3%-TS
Prcbe: .510" Bobbin, .540" Bobbin (Limited)

Extent : Full Length

SCQPE

In OTSG "A", 470 tubes were examined.
In OTSG "B“, 470 tubes were examined.

REASON FOR EXAMINATION

The tubes in this sample have no history of degradation below the kinetic
expansion. They are-examined to monitor the overall condition of the steam
generator tubing.

SELECTION CRITERIA

The initial sample included at least 3% of all the tubes in each OTSG. As
required by T.§. 4.19.2.a.2, at least 50% of the tubes were located in the
areas where experience has indicated potential problems. This area is the
outer periphery, which is defined as the tubes located outside the radius of
the outer support rods. The remaining tubes were selected to provide a
representative sample of the tube bundie. As directed by Engineering, the
samples were selected to include tubes which have not been examined since the
1984 examinations (73%) and tubes which had been examined since 1984 (27%).

RESULTS
QISG A

In OTSG A, the examination of * . 3%-TS sample revealed inner diameter
initiated indications exceeding 20% through wall in two tubes (A-13-10 and A-
103-77). The indications in these tubes were recorded as 23% and 33% through
wall, respectively, and were confirmed as single volumetric indications (SVI)
by the MRPC probe. The tubes will be added to the degraded tube population of
the next exam'nation.

Three tubes had non-quantifiable indications (NQI) which were recorded using
the bobbin coil probe. The indications in two of these tubes (A-25-87 and A-
63-41) were outer diamcter initiated while the indications in one tube (A-25-
81) was inner diameter initiated. All three of these areas were examined
using the MRPC probe and no detectable degradation (NDD) was reportec. No
additicnal mounitoring will be required for these tubes.

In one tube (A-72-124), a small amplitude inner diameter indication was
recorded as a BVC. This area was examined using the MRPC and a single
volumetric indication was noted. Since this indication is be ow the voltage
criteria for sizing using the bobbin coil probe, and since the MRPC confirms
its minor nature, the tube remained inservice and will be monitored as a BVC
tube.
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QTSG B

In OTSG B, the examination of the 3%-7TS sample revealed one tube (B-28-42)
with an indication exceeding 20% through wall. This indication was outer
diameter initiated and was recorded as 22% through wall using the bobbin ceil
probe. An MRPC examination of this area showed no detectable degradation
(NDD), however, this tube will be monitored as a NRI tube during the next
examination.

Two tubes (B-22-83 and B-68-62) had distorted tube support plate signals with
possible outer diameter initiated indications (DSI) recorded. These areas
were examined using the MRPC probe and showed no detectable degradation (NDD).
No additional monitoring will be required for these tubes.
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B. GPUN ELECTIVE EXAMINATIONS

B-1 TUBES WITH INDICATIONS NOT CONFIRMED BY fxl
ABSOLUTE EXAM IN PREVIOUS EXAMINATIONS

Data Set: DS?7, GE20-0OLD
Probe: .540" Bobbin
Extent: Full Length

SCORE

In OTS8G "A", 223 tubes were examined.
In QTSG "B", 67 tubes were examined.

REASON FOR EXAMINATION

Since 1981, GPUN has used a two step process to identify and disposition
indications. In this process, indications are screened using the bobbin coil
probe and are confirmed using the B8x1-ABS probe. Indications which are
screened by the bobbin probe but are not confirmed by the 8x1-ABS probhe are
considered to be either relevant indications, which are below the required
threshold of detection, or non-relevant indications, caused by something other
than tube wall degradation.

Starting in 1981, these indications have been recorded using various codes to
permit future monitoring. In outages since 1981, a small number of these
indications have been determined to be re..vant and the tubes have been
reclassified as degraded or removed from service. In other cases, the
indications have been recorded and tubes were returned to the general tube
population.

For the 1993-10R outage, GPUN decided to re-examine all tubes with previously
accepted indications. The purpose of this examination was to standardize the
manner in which the indications are recorded and to ensure that the latest
criteria have been applied in the dispositioning of each tube.

SELECTION CRITERIA

All inservice tubes, which have had indications screened by the bobbin coil
probe and subsequently accepted by the 8x1-ABS probe, are included in this
group.

RESUVLTS
QISC A

In OTSG A, three tubes had innex: diameter indications screened as 20% through
wall or greater using the .510" bobbin coil probe. 1In two tubes (A-40-98, A-
43-107) a re-examination of the indications, using the .540" bobbin coil
probe, showed them to be less than 20% through wall. In one tube (A-32-81),
the .540" probe confirmed the indication was 30% through wall. Since this
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indication was previously confirmed by 8X1-ABS (1986-5M), this tube will be
added to the degraded tube population.

One tube (A-55-122) had a small amplitude inner diameter indication recorded
as a BVC. Thig area was examined using the MRPC probe and the indication was
determined to be a small single volumetric indication (SVI). This tube will
continue to be monitored as a BVC tube.

In three tubes distorted indications were recorded as DSI and NQI. These
areas were examined using the MRPC probe. In two cases (A-80-115, A-99-99),
the indications were determined to be non-relevant. In the third case
(A-15-41), the indications were determined to be shallow, outer diameter wear,
from the contact surface of the brocached tube support plate. Based on the
combined results of the bobbin coil and MRPC examinations, the wear was
determined to be approximately 20-30% through wall and this tube will be
monitored as a degraded tube during future examinations.

QISC B

In OTSG 8, three tubes had outer diameter indications identified as 20%
through wall or greater. The indications in two of L{he tubes (B-26-31, B-6l-
98) were determined to be nonrelevant based un the MRPC probe. These tubes
will be monitored as NRI tubes during the nexi examination. In the third tube
(B-120-42), the indication was determined to be a small, single volumetric
indication. This tube will be monitored as a degraded tube during future
examinations.

In addition, distorted indications were identified in two tubes (B-66-37, B-
87-1) and were recorded as NQI and DSI. Follow-up examinations using the MRPC
probe showed both indications were non-relevant. No additional monitoring of
these tubes will he required.
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B-2  LANE/WEDGE TUBES
Data Set: Lane/Wedge, Sleevebase, Sleeves-OLD, Sleevepost
Probe: .510" Bobbin, B8x1-ABS, 400-Combo
Extent: .510" Bobbin Coil - Full Length

.510" Bobbin Coil - Lower sleeve end to lower
tube end for previously sleeved tubes.

8x1~ABS - 1l4th T.S8.P, to Upper Recll Transition
,400" Combo Lower Sleeve End to Upper Sleeve End

SCOPE -
In OTSG "A": .510" Bobbin - 323 Lane/Wedge Tuves, 123 Sleevebase
Tubes
8x1-ABS - 217 Lane/Wedge Tubes
.400" Combo -~ 124 Sleevepost Tubes, 125 Sleeves~OLD
In OTSG "B": .510" Bobbin - 333 Lane/Wedge Tubes, 128 Sleevebase
Tubes
Bx1-ABS - 217 Lane/Wedge Tubes
. 400" Combo - 128 Sleevepost Tubes, 125 Sleeves-OLD
REASON FOR EXAMINATION:

OTSGs have historically experienced degradation in the lane/wedge tubes.
Previously cbserved damage mechanisms have included tube to tube support plate
wear at various axial locations and high cycle fatigue cracking at the 15*
tube support plate and the secondary face of the upper tubesheet. In
consideration of these damage mechanisms, GPUN elected to examine all of the
tubes in this region. In addition, GPUN has preventively sleeved some tubes
in this region, to reduce the probability of high cycle fatigue cracking.

SELECTION CRITERIA

LANE/WEDGE: These examinations included all inservice tubes in the lane and
wedge regions as defined in paragraph 4.19.2.a.4(1) of the TMI-1 Technical
Specifications (Reference 1). NOTE: Tubes which were sleeved during 1993-10R
were examined as the sleevebase data set. The lane area includes the tubes in
three rows on each side of the open inspection lane (Rows 73, 74, 75, 77, 78,
74) from Tube 1 to the center of the OTSG. The wedge tubes are the tubes
included in the wedge formed by drawing a line from Row 66 Tube 1 to Row 75
Tube 15 and from Row 86 Tube 1 to Row 77 Tube 15. See Pigures III-3 and
111-4,

For tubes which had not been sleeved during Outage 199 -9R, the examinations
included a .510" bobbin coil examination of the full length of the tube. The
tubes which had been sleeved during 1991-9R were examined, from the lower
sleeve end to the lower roll transition, using the same probe.

All of the unsleeved tubes were alsc examined in the areas of the 15" tube
support plate, the secondary face of the upper tube sheet and the kinetic
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transition zone in the upper tube sheet. These examinations were performed
using the 8x1-ABS probe.

SLEEVEBASE: This group includes the tubes which were sleeved during outage
1993-1CR The majority of the tubes in this group were from the lane wedge
region, described above with approximately 50 tubes per OTSG which are outside
the previously defined lane region. The tubes in this group were examined
over their fulil length using the .510" bobbin probe. The data from these
examinations was evaluated for detecting degradation and was also examined to
profile the tube diameters prior to installing the sleeves.

SLEEVES-0, SLEEVEPOST: The scope of these examinations included the sleeves
which had been installed during outage 1991-9R (Sleeves-0) and the sleeves
which were installed during outage 1993-10R (Sleevepcst). The examinations
were performed using the .400" X-Axis combination probe.

The area of interest for the examinetion include the entire length of the
sleeve and the parent tube in the areas of the rcll expansions. For the
sleeves installed during 1993-10R, the data was also analyzed using the
profilometry software to verify the dimensions of the roll expansions.

RESVLTS
OTSG-A

In OTSG A, two tubes had an outer diameter initiated indication identified as
20% through wall or greater. In tube A-77-37, the indication was determined
to be 32% through wall at the 7*® tube support plate. An MRPC examination of
this area showed the indication to be a single volumetric indication (SVI).
This tube will be monitored as a degraded tube during the next examination.
In tube A-72-11, the bobbin coil indication was 26% through wall but the MRPC
examination showed the indication was non-relevant. This tube will be
monitored as a NRI tube during the next examination.

A total of nine other tubes (A-73-26, A-73-45, A-73-55, A-~75-46, A-78-34,
A-79-13, A-79-21, A-79-22, A-79-32) had distorted signals (DSI, DTI) or other
outer diameter indications screened by the bobbin coil probe. No relevant
indications were recorded during the MRPC examinations of these areas and no
future monitoring will be required.

The post-sleeve examinations and the examination of the sleeves installed
during outage 1991-9R did not identify any degradation. The data from
measuring the expansion diameters were turned over to the B&W process
engineers. No nonconforming conditions, which required corrective actions,
were noted.
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QISG-B

In OTSG B, one tube (B-79-65) had an outer diameter indication recorded as 24%
T W. using the bobbin coil. This indication is located 2.0 inches above the
lower tube sheet and was also recorded as a possible loose part (PLP). An
MRPC examination of this area did not confirm either the indication or the
PLP. This tube will be monitored as a degraded tube during the next
examination,

Five tubes (B-66-4, B-74-52, B-74-63, B-77-41, B-87-1) had outer diameter
indications recorded as non-quantifiable, (NQI, DSI) while one tube (B-74-10)
nad an inner diameter indication as non-quantifiable (NQI). These areas were
all examined using the MRPC probe and no relevant indications were noted. No
future monitoring will be required for these indications.

The post-sleeve examinations and the examinations of the sleeves installed
during 1991-9R did not identify any degradation. The data from measuring the
expansion diameters were turned over to the BiéW process engineers. No
nonconforming conditions, which required corrective actions, were noted.
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B-3 TUBES WITH PREVIOUS SMALL AMPLITUDE INDICATIONS
Data Set: 8/N-SM, S8/N, BVC, BVC-9R
Probe: .510" Bobbin
Extent: Full Length

SCOPE

In OTSG "A", 134 tubes were examined.
In OTSG “B", 46 tubes were examined.

REASON FOR EXAMINATION

Starting with the examinations performed during the 1986-5M outage, GPUN has
applied an amplitude threshold for evaluating poor signal to noise ratio
indications. Using this threshold, GPUN has recorded indications (amplitudes
less than 1.0 volt, and signal to noise ratios of <3:1), for future
menitoring, without assigning a percent through wall value.

This threshold was originally established based on the gqualification work
performed during the early 1980's. The basic threshold has not changed since
the original implementation, however, the specific applications have been
improved during each examination.

For example, during the outages from 1986-5M to 1988-8R, tubes with these
small amplitude indications were screened and follow-up examination were
performed using the 8x1-ABS probe. If the indications were confirmed by the
8x1-ABS probe, the tube was monitored during the subsequent outage. If the
indication was not confirmed, the tube was returned to the general population.

Experience gained during examinations from 1986-5M through 1991-9R has shown
that small amplitude indications of this type may not be consistently
repeatable. In order to address this repeatability question, GPUN examined
all inservice tubes with relevant small amplitude indications which had been
recorded using three letter codes such as BVC and S/N were examined in
accordance with Figures II-1 and II-2.

SELECTION CRITERIA

All inservice tubes with indications recorded as S/N or BVC which had phase
angles of 5-110° are included in this group. This includes both indications
which have been confirmed by the 8x1-ABS probe and indications which were not
confirmed by the 8x1-ABS probe.

RESULTS

QISG A

In OTSG A, no indications greater than or equal to 20% through wall were
recorded. Small amplitude indications were identified in seven tubes (A-3-14,
A-4-30, A-64-127, A-64-128, A-72-130, A-142-43, A-149-15) and were recorded as
BVC's. 1In addition, non-quantifiable indications were detected in eight tubes
(A-36-103, A-59-72, A-70-81, A-73-18, A-87-81, A-88-77, A-115-42, A-133-26)
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and were recorded as NQI’'s. These tubes with NQI‘'s were re-examined using the
MRPC probe and in all cases, the indications were determined to be
nonrelevant. The tubes with the BVC indications will be monitored during the
next examination. No additional monitoring is required for the other tubes.

orse B

In OTSG B, no indications greater than or equal to 20% through wall were
recorded. Small amplitude indications were indicated in nine tubes (B-6-41,
B-14-53, B-21-4, B-27-66, B-28-66, B-48-76, B-67-1, B-107-5, B-133-80) and
recorded as BVC’'s. 1In one tube (B-80-11), a distorted support plate
indication was recorded as a DSI. This area was examined using the MRPC probe
and the indication was determined to be nonrelevant. The tubes with the BVC
indications will continue to be monitored during the next examination. No
additional examinations will be scheduled for the other tube.
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B-4  EXTRA
Data Set: Extra
Probe: .510" Bobbin, Bx1-ABS
Extent: Full Length, Partial Length

SCOPE

OTSG "B", 2 tubes were examined with .510" Bobbin Probe.
OTSG "B", 1 tube was examined with the 8x1~ABS Probe.

REASON FOR EXAMINATION

During the course of the examinations, eddy current data was acquired on tubes
not identified on the ECT data sheets. The tubes were examined as a result of
the typographical or interpretive errors on the part of the data acquisition
personnel. Once the ECT data is recorded, it is evaluated and the tubes
dispositioned accordingly.

SELECTION CRITERIA

These tubes are randomly located.
RESULTS

QIS B

In OTSG B, no indications were recorded.
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B-5  SPECIAL
Data Set: Special
Probe: 8x1-ABS
Extent: 15* T.5.P. to Upper Tube End

SCOPE

OTSG "B", 1 tube was examined.

REASON FOR EXAMINATION

During the course of indoctrinating the Data Analysts, they are instructed to
be observant of any abncrmal conditions which are not addressed in the data
interpretation guidelines. If anything abnormal is noted, appropriate actions
will be taken to further understand the condition. These tubes were
considered special cases.

SELECTION CRITERIA

During the 1991-%R bobbin coil examinations, a large amplitude indication was
noted within the kinetic expansion area of tube B-44-85 in OTSG B. This
indication was above the area required to be examined, using the bobbin coil
probe, per the analysis guidelines. 1In order to better understand this
indication, the tube was examined using the 8x1-ABS probe.

RESULTS
QISC B

The indication in this tube was determined to be the result of multiple axial
indications above the kinetic transition. These indications appeared as
shallow inner diameter indications on 3 coils of the 8x1-ABS procbe. An MRPC
examination confirmed that they were multiple axial indications. The large
amplitude of the bobbin co.l signal is attributed to the axial orientation of
the indications. No additional actions will be taken for this tube.



Attachment 1
Revision 0
Page 30

Since 1981, GPUN has characterized the locatior and
distribution of indications in the OTSG's by a bulk
comparison of the recorded indications. This
characterization includes both newly detected and previously
detected indications and is intended to confirm that the
population of indications is stable and the condition of the
OTSG's has not changed significantly since the previous
examination. The data from the 1982 examinations is
presented to show the contrast between the examination prior
to and after the 1982 repairs. See Figures III-® to III-B8.

The breakdown of the indications shows they are located
towards the top of the tube bundle in both OTSG A and OTSG
B. In OTSG A, the indication rates are higher towards the
periphery of the tube bundle, while in OTSG B, the
distribution is more uniform.

A characterization of the size of the indications shows the
relative amplitude continues tc remain small, with 92
percent of the indications less than 2.0 volts. The
indications continue to be part through wall with 330 of the
332 indications, which could be assigned through wall
values, recorded as less than 40% percent through wall.

In the past, the circumferential extent of the indications
was monitored using the 8x1-ABS probe. During this outage,
this function was performed using the MRPC probe. The
circumferential extent was recorded with respect to the
orientation of the indication. Of the 35 indications
recorded with the MRPC probe, 34 were reccrded as single
volumetric indications (SVI) indicating there was no
significant circumferential extent The remaining
indication was recorded as a multiple axial indication in
the upper tube sheet and was determined to be above the
kinetic expansion transition.

Durirg this outage, 27 tubes (excluding previously degraded
tubes) had inner diameter indications screened by the bobbin
coil probe. These tubes included three tubes from the 3% -
T.5. sample (Section A.2) with the other 24 coming from the
elective tube examination population. A comparison of these
indications shows they are consistent in both location and
size, with the previously identified degradation.

QUTER DIAMETER TUBE INDICATIONS

During the bobbin coil examinations, possible outer diameter
initiated indications were identified in 34 tubes in OTSG A
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and 17 tubes in OTSG B for a total of 51 tubes. This
population of tubes included 12 tubes from the degraded tube
sample (Section A.l) and 6 tubes from the 3% T.S. sample,
with the remaining tubes from the various elective
examination populations.

These indications were evaluated in a very conservative
manner and the subject locations were then examined using
the MRPC probe. This population included 28 indications
located at the tube support plates or inside the tube sheets
and 23 indications located in the free span portion of the
tubes. Of the 51 indications, only three (A-15-41, A-77-37,
and B-120-42) were c-nfirmed by the MRPC probe,

In tweo tubes (A-15-41 and A-77-37), the indications were
determined to be "wear" from contact between the tube and
the tube support plate, at the 5* and 7* T.S.P.
respectively. The wear was determined to be shallow based
on the combired results of the bobbin coil and MRPC
examinations. In tube A-15-41, the wear was determined to
be 20-30% through wall while the indication in A-77-37 was
determined to be 32 percent through wall.

The third confirmed indication (B-120-42) was an isolated
indication located between the 4" and 5® tube support
plates. This indication was determined to be 35 percent
through wall based on the bobbin coil probe. The MRPC
examination showed the indication was a single volumetric
flaw (8SVI).

REVIEW OF PREVIOUS DATA

The previosus examination data was reviewed for the two tubes
that had indications which exceeded 40% through wall (A-74-
30, B-8-44). Both of these tubes were previously degraded
tubes and had been examined as part of the ISI data set.

The review showed no significant change in the shape or
amplitude of the ECT signals between outages 1991-SR and
1993-10R. For tube A-74-30, the amp.itude of the
indications was previously recorded as high as 1.7 volts -
1988-7R and was recorded as 1.4 volts during 1993-10R. 1.2
indication in B-8-44 was previously recorded as .9 volts
during 1988-7R and was recordsd as .8 vclts during 1993-10R.
This comparison indicates there was no obvious change in the
physical condition of tube. The change in percent through
wall is attributed to the ECT process.
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FIGURE III-1

OT8G A TUBES EXAMINED
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FIGURE I1II-2

OTSG B TUBES EXAMINED
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