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ABSTRACT: Statement of Problem

ihe results of the 1954 eddy current examination performed on
the TMI-1 steam generator tubing had identified 328 tubes with
confirmed indications of ® 407 through wall penetration. These
indications were not identified in previous eddy current examin-
ations performed prior to mechanical thermal and hydraulic load+

ing evolutions which took place in the steam generators.
lechnical Approach

Knowing the locati.ons of the 1984 confirmed indications, a re-
view of the 1985 and 1982 examinations nave confirmed the carli+
er presence for a majority of these indications. A characteriz-
ition of the 1984 indicatiors by defect location, sipsal ampli-
tude, percent through wall and circumferential extent was per-
formed and compared to the 1932 examination results., A growth

sample study on a random selection of tubes was performed after

the detection of the 1984 indications in order t determine if
evidence of an active mechanism was occurring.
Findings
11ngs
It was observed that the 1984 indications were located in the

same affected axial and radial areas previously identified dur-
ing 1982 examination. The 1984 indications were predominately
shorter in circumferential extent. The review of 1984, 1983 and
1982 examination results revealed that the percent through wall
determination showed no change, 90% ¢f the new inuications were
of size at or near the threshold of GPUN standard differential
technique sensitivity of detection, The results of the growth
sample study showed no evidence of an active mechanism occurring
during the period of observation,

Conclusion
lhe 1984 examination identified indications that were already
present in the tubes in 19382 but because of their weak signal amg
listude were masked by background noise, The mechanical, thermal
and hydraulic loads imposed on the OTSG since 1982 examination
may have enhanced the eddy current detection of small indicationp
by increasing the signal amplitude but without evidence of in-
crease to percent through wall,
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SUMMARY

Ouring the 1984 Technical Specification required eddy current examination,
performed on the once through steam generator tubing at TMI Unit 1, a number
of new relevant indications were detected in the "A" and "B" steam generator
tubes. These new indications were not detected back in November 1982 when a
full length eddy current examination was conducted on all the inservice "A"
and "B" steam generator tubes. During both inspection periods the same eddy

current examination technique was employed.

Since the 1982 eddy current examination both steam generators had undergone
mechanical loading due to kinetic expansion tube repair and thermal/hydraulic

loading due to two hot functional tests.

GPUN first determined that a new corrosion mechanism was not active. This was
determined through repeat eddy current examinations on a controlled group of
tubes in 1984 after initial detection of the new indications. This revealed
that no growth or change in given eddy current signals occurred for the time

period studied.

The 1984 indications were characterized as to size, location, depth and then
compared to the 1982 examination results. GPUN concluded that the 1984 indi-
cations are a smaller additional subset of those detected in 1982 examina-

tion. The percent through wall and circumferential extent for 90% of the
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1984 indications are of a size that approximates the threshold of detection

for the measured sensitivity curve using the GPUN qualified standarag differen-

tial eddy current examination process.

Detailed analysis of the new 1984 indications reveal, that by knowing the

specific location of the indication the majority can be found in the 1982 eddy

current tapes. The indications that could be measured in the 1982 tapes in-

cluding the in service inspection tubes reveal that:

n

(2)

(3)

(4)

No new indications were detected in the ISI subset (one exception

explained)

The percent through wall assignments, as determined by phase

angle measurement remain constant from 1982 to 1984

For indications not previously identified in 1982, the amplitude
of the eddy current signal! has substantially increased in the
1984 tapes which would result from some increase in the discon-
tinuity volume. Presumably the latter is a reflection of the

mechanical/chermal working of the tubing.

For indications not previously identified in 1982 the increase in
the amplitude of the indications in 1984 contributed to our abil-
ity to detect the small indications which now revealed themselves
above the surrounging background noise. The latter combined with
the low amplitudes associated with the signal; from the indica-

tions prevented eacliier getection
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Implicit within this fact, is that the earlier undetected indications were in
fact very small. This is substantiated by the characterization studies for
the 1984 indications which show them to be smaller percent through wall and
circumferential extent than the 1982 indications. Additionally, the 1984 in-
dications are located in areas which identify closely to intergranular stress

assisted corrosion cracking revealed earlier in the 1981-1982 examinations.
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INTRODUCTION

" In November of 1984, eddy current examination was performed on the TMI -
Unit 1, once through steam generator (OTSG) tubing in accordance with
Technical Specification, 4.19. The examination ultimately included
14,615 tubes in the "A" OTSG and approximately 6,500 tubes in the "B"
OTSG. This examination was concluded with a total count of 328 tubes
with confirmed indications having tube wall degradation measuring

40 percent through wall or greater. This is a criterion that requires
engineering disposition. There were another 319 tubes that had confirmed
indications with a measured through wall degradation less than 40 per-
cent. Those tubes with 20-40% through wall indication are classified
"degraded" tubes and are required to be monitored for change at future
examinations. In addition, those tubes which contain indications of 40%
through wall or greater but do not meet the approved plugging criteria

will also be monitored.

Since the last complete eddy current examination (1982 baseline) per-
formed on the OTSG in 1982, the OTSG tubes have been subjected to mechan-
ical loading due to kinetic expansion repairs and thermal and hydraulic
loadings due to the two hot functional tests. The eddy current examina-
tions performed subsequent to these loadings have resulted in the detec-

tion of ingications not seen previously.
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The analysis performed herein has the follcwing purposes:

To characterize and report the indications identified during the 1984
examination and compare these characteristics with indications re-
ported during the 1982 baseline examination. The purpose of this
comparison is to evaluate the pattern of defect distribution and to
determine if the affected areas correspond to the previously affected

areas.

Determine the correlation of the kinetic expansion and subsegquent hot
functional test to the detection of indications not detected prior to

these loading events. And, evaluate the impact from a chronological

perspective.

Review the data from the 1984 Growth Program and evaluate the results

to determine if evidence of continued tube degradation existed.

METHOD OF EXAMINATION

The eddy current examinations performed in November of 1984 utilized both

standard differential and absolute eddy current examination techniques.
This dual examination method was developed by GPUN to specifically detect
and confirm small volume but predominately circumferentially oriented

inner diameter defects. (See Appendix A).
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The dual examination method involved first examining the tubing with a
high gain standard differential technique using a .540" diameter eddy
current probe. If no indications are detected the examination is com-
plete and the tube is considered acceptable. Tubes found to have
standard differential indications were examined a second time using the
absolute 8x1 technique which used a probe having 8 independent coils.

The absolute 8x1 examination determines the circumferential extent of the
derect and also determines if the indications are relevant or non-reie-
vant. A relevant indication is a flaw that has been confirmed by abso-

lute 8x1 examination.

This dual examination method is the same method GPUN qualified and used
for the 1982 baseline eddy current examination of the TMI-1 OTSG tubing

(Ref. 1)

SCOPE OF EXAMINATION

The initial set of tubes for the 1984 eddy current examinations was a 3%
sample selected in accordance with the requirements of Technical Specifi-
cation 4.19. As required by 4.19, this set included all tubes remaining
in service which were classified "degraded tubes.” These tubes had prev-
iously reported indications of 20-40% through wall and are referred to as
the ISI tubes. Approximately 50% of the 3% sample was from the high de-
fect area (outer periphery) with the remaining 50% being located randomly

throughout the generators.
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The examination of the initial sample identified some discontinuities
which exceeded the 40% through wall technical specification limit. As a
result of these discontinuities, the examination scope was increased to
include 100% of the tubes in the affected area of both OTSGs. This in-
creased scope included 100% of the tubes in OTSG "A" and 100% of the
tubes in the outer periphery of OTSG "B". This outer periphery is de-
fined as the area outside the outer tie rod circle and includes approxi-

mately 6500 tubes.

The November 1984 examination was not continued into the center of the
“B" generator because no confirmed indications >40% through wall were
found in this area during the random examination. The indications re-
ported in the "B" generator were at a significantly lower frequency than
reported in the "A" generator. And their distribution declined sharply
with distance from the outer perimeter and was bounded by the outer tie

rod circle.

As part of the expanded scope, a selected 100 tube sample, designated the
"A" Growth Program, was monitored in order to determine if there was an
active mechanism initiating the 1984 eddy current indications. This
sample was also comparatively evaluated against the eddy current tapes

from the 1982 examination.
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Examinations discussed within this report included the full length of the

unexpanded region of the tubes. Expanded portions of the tubes cannot be

effectively examined and evaluated with the standard differential tech-

nique and are therefore not included in the tubing examinations.

RESULTS OF 1984 EXAMINATIONS

A.

INDICATIONS REPORT

As a result of expanding the scope of the examinations, 14,615 tubes
in OTSG “A" and approximately 6500 tubes in OTSG "B" were examined.
Of these tubes, 298 in OTSG "A" and 30 in OTSG B were identified as
having relevant indications 40% through wall or greater. In addi-
tion, 274 tubes in OTSG "A" and 45 tubes in OTSG "B" were identified
as having confirmed indications from 20-40% through wall and are
classified as "degraded tubes". These tubes and any tubes with con-
firmed indications 40% through wall or greater which do not meet the
approved plugging criteria will be monitored during future examina-

tions as "ISI tubes".

ISI TUBES
The subset of ISI tubes included 28 tubes in OTSG A and 56 tubes in
QTSG B which had indications of 20-40% through wall penetration iden-

tified and recorded during previous examinations.




TOR 652
Rev. O
Page 11 of 60

These ISI tubes were examined as a subset and an in depth evaluation
and comparison of the 1984 data to the previous data was performed.
The purpose of this evaluation and comparison was to determine if the

previously identified indicaions had "grown".

The criteria used to establish growth addressed significant changes
in percent through wall determinations, changes in signal voltage or
changes in arc length of the monitored indication. When performing
evaluations of this type, it must be noted that changes of about 10%
through wall can be caused by a change of only 3 degrees in the phase
angle measurement of the standard differential reponse sigral. When
addressing small voltage signals, measurement errors of this type can
be expected. For the absolute 8xi, the orientation of the coils to
the defect may change the number of coils an indication appears on by
I additional coil during repeat examinations. The evaluations must

therefore factor in these limitations on repeatability.

[SI Tubes in the "A" Generator

From the "A" gererator 28 of the 28 ISI tubes showed no evidence of

growth for any of the previously identified indications.

Two tubes, A-2-9 and A-88-128, had indications previously identified
as being <40% through wall which were subsequently reported as >40%

through wall in 1984. These indications were compared by the data
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analyst on a one-to-one basis to the previous data and it was deter-
mined that the change in the percent through wall determiriations were
caused by variations in the repeatability of the overall eddy current

process and not by the physical changes in the tube. (See Table 1).

ISI Tubes in the "B" Generator

In OTSG "B" there was no indication of "growth" for 56 of the 56
tubes. One tube B-98-5 did have an indication reported as greater
than 40% through wall and required further evaluation. The details

for this tube are shown in Table 1.

The 1984 and previous data for this tube was re-evaluated by the data
analyst to compare the eddy current signal's shape. The analyst de-
termined the variation in the percent through wall determinations was
attributed to distortion of eddy current signals caused by multiple

indications and was not a result of physical changes in the tube.

Status of ISI Tubes

A number of tubes previously placed in the ISI category during the
1982 baseline examination were determined to have non-relevant indi-

cations as a result of the 1984 absolute 8x1 examination.

These tubes, 13 in "A" OTSG and 27 in "B" OTSG, had non-relevant

indications as determined by absolute 8x1 in 1982 but were placed on
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the ISI list for monitoring purposes in order to verify the precision
of the absolute 8x] confirmation exams during future dual examination
exercises. With the completion of the 1984 examination and the con-
sistency of reporting the same standard differential indication as

non-relevant, these tubes were removed from the ISI list.

The number of ISI tubes has increased as 264 tubes in OTSG A and 20
tubes in OTSG B had confirmed indication from 20-40% through wall in

1984 which were not previously identified. This puts the present

population of ISI tubes between 20-40% through wall at 274 tubes in

“A" and 45 tubes in "B".
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Table 1

ISI Confirmed Indications
Greater Than 40% Through Wall in 1984

April Nov.

Indication 1983 Post KE Data 1984 Post HFT Data

Gen Row Tube Elevation Origin % T.W. Volits % Volts
A 2-9 US+06* ID 40% 1.7 45% 1.6
A 88 - 128 12405 10 < 20% 0.9 31% 1.4
13-09 ID < 20% 0.6 <20% 0.6

us-11 1D 23% 1.9 41% 2.5

B 98 - 5 US+07* 1D 37% 23 48% 4.0
usS+01 10 <20% 1.9 <20% 2.0

US+04 1D <20% 2.3 21% .

*immediately below expanded area
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CHARACTERIZATION OF INDICATIONS

The indications detected during the 1984 examinations were character-
ized by the location and extent of degradation based on the eddy cur-
rent response signal. Details, listing the data in support of this

section are included in Appendix B.

The characterization is further defined by comparing the 1984 indica-
tions with those reported in 1982. For this comparison GPUN used the
1984 data described previously and the 1982 standard differential
high gain data base. The 1982 data base included all tubes examined
using the GPUN dual examination method prior to 1984. Thic data base
was previously used to disposition the OTSG tubes for the kinetic
expansion process and subsequent tube plugging. This data base con-
tains the 1982 baseline results which are summarized in TDF 442.

(See Ref. 2).

Both the standard differential and absolute techniques are used to

furnish these characterization as described below.

Standard differential response signal offers the following:

a. Amplitude (this relates to the defects geometry and volume, and
is reported as a voltag? reading).

b. Percent through wall (this relates to the response signal's phase

angle and is measured in degrees).
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c. Axial locations are reported by distance from the tube support

plates that are spaced at known elevations in the generators.

Absolute 8x1 signal offers the following:
a. Number of coils (this relates to the defect's circumferential
extent). The maximum circumferential extent is 8 coils and
represents a defect circumferential arc length that could be as |

much as 360 degrees.

NOTE: Amplitude, phase and axial location are also recorded ‘
on the absolute 8x1 results; however, these results are
used only to confirm the standard differential indica-

tions.

1. RADIAL DISTRIBUTION

The indications detected during the 1984 examination were located
in essentially the same areas of the OTSGs as those discovered in
1982. The indications were located predominately towards the
outer periphery of both OTSG A and B. In addition to the indica-
tions located in the periphery there was also a smaller number of
indications present in the center of OTSG A. No indications

greater than or equal to 40% through wall were reported in the

center of OTSG B. (See Figures 1a and 1b).
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AXIAL DISTRIBUTION

The axial location of the 1984 indications can be characterized
as being towards the top of the OTSGs. For OTSG A, 79 percent of
the indications during the 1984 examination are located in or
above the 15th span with 57 percent of the indications in OTSG B
located in this region. This corresponds with 82 percent in "A"
generator and 74 percent in "B" generator for the 1982 examina-

tion.

In order to compare the 1982 and 1984 axial distributions, it
must be noted that the majority of the indications detected dur-
ing 1982 were within the upper tube sheet area and were captured
by the kinetic expansion process. As a result of the expansion
process and the coining of the tube wall against the tube sheet
an examination of the coined area was not possible using the
standard differential probe. Only the area of the tube below the
expansion zone could be examined using the standard differential

technique.

With the exception of the upper tube sheet region, the overall
distribution of the indications in 1984 closely resembles the
1982 distribution. This distribution shows the ‘ndications are
concentrated towards the uppermost regions of the OTSGs and the
frequency of occurrence decreases sharply at the lower regions.

(See Figures 2a and 2b).
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SIGNAL AMPLITUDE

The majority of the discontinuities detected in 1984 were small
volume as indicated by the amplitude of the standard differential
signal. In OTSG A, 93 percent of the 1984 indications detected
were 2 volts or less in amplitude, while in QTSG B 74 percent of

the indications were in this category.

This voltage distribution corresponds to approximately 93 percent
of the 1982 indications in OTSG A and 78 percent of the indica-
tions in OTSG B as being 2 volts or less. (See Figures 3a and

3b).

To establish a reference volume for the discontinuities in this
range, a comparison can be made to the responses from the cali-
bration standard. This standard has a 100% through wall 0.052"
diameter drilled hole which produces a 15 volt response signal
for calibration purposes. This indicates that the discontinu-
ities present in the OTSGs are of a significantly smaller volume

than the calibration standard.

PERCENT THROUGH WALL
The 1984 eddy current examination results have shown that a con-
siderable number of the reported indications measured less than

40% through wall penetration. The 1984 examination reported 572
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tubes in "A" and 75 tubes in "B" with confirmed indications. In
the "A" generator the indications in 48% of the 572 tubes were
less than 40% through wall and in the "B" generator the indica-

tions in 60% of the 75 tubes were less than 40% through wall.

For the 1982 examination, the results indicated higher percent
through wall degradation. In the "A" generator, S0% of the indi-
cations reported were 90% through wall penetration or greater
while 3% of the reported indications were less than 40% through
wall. In the "B" generator, 16% of the indications reported were
90% through wall penetration or greater and 40% of the reported
indications were less than 40% through wall. <(See figures 4a and

4b).

The contrast between the 1982 and 1984 examination results for
percent through wall comparison must consider that most of the
tubing within the upper tubesheet region could not be examined in
1984. This region accounted for 63% in "A" and 61% in "B" of the
reported indications in the 1982 examination. This comparison
serves as an approximation only, since an improved inner diameter
conversion curve was used for the November 1984 examinations

(Ref. 3).
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CIRCUMFERENTIAL EXTENT

To confirm the relevancy of the reported standard differential
indication an absolute 8x1 examination is performed. The number
of coils that respond to a relevant indication provides an esti-
mate of the indication's circumferential extent. The 1984 exam-
ination results showed that the confirmed indications ranged from
1 to 3 coils. The circumferential extent for a one coil indica-
tion is from the threshold of detection to 0.194". A two coil
indication is from 0.024" to 0.413" whereas a three coil indica-
tion is from 0.219" to 0.632". <(Ref. 4). For the "A" generator
approximately 90% of the confirmed indications were 1 coil, ap-
proximately 10% were 2 coils, and only 2 indications were 3 coils
of which one was outer diameter. For the "B" generator 79% of

the confirmed indications were 1 coil, 20% were 2 coils, and only

one was 3 coils.

For the 1982 examination the results showed that the confirmed
indications ranged from | to 8 coils. For the "A" generator 66%
of the confirmed indications were 1 coil, and for the "B" gener-
ator 50% of the confirmed indications were 1 coil. A greater
number of 2 coil and greater indications were confirmed by abso-
lute 8x1 during the 1982 examination than in the 1984 examina-

tion. (See figures 5a and 5b).
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SUMMARY OF INDICATION CHARACTERIZATION

The eddy current examinations performed in 1982 and 1984, both util-
ized the GPUN qualified examination program using a combination of
standard differential high gain .540" probe and absolute 8x! probe.
This dual examination method was developed to detect intergranular
stress assisted cracking, predominately circumferentially oriented

and initiated on the tube's inner diameter wall.

The 1982 eddy current examinations prior to the kinetic expansion
repair were full length examinations performed on all in service
tubes in both "A" and "B" generators. The 1984 examination were also

full length however the kinetic expanded area could not be examined.

Some tubes could not be examined with the S.D. .540" prnbe below the
center of the lower tubesheet due to ligament distortion from adja-

cent explosive plugs.

The comparison of the 1982 to 1984 data showed both similarities and
differences in the characterization of the indications reported. The
characterization of the axial and radial distribution showed the in-
dications occurred in the same regions of the OTSGs in both 1982 and
1984. The ampiitudes of the indications also appears to be similar
in 1982 and 1984. The differences between the two sets of data ap-
pear in the percent through walls, which are significantly lower in

1984 than in 1982 and in the circumferential extent which i5 also

smaller in 1384 than in 1982
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This characterization and comparison would suggest the 1984 indica-

tions are a smaller additional subset of those detected during the

1982 examination.

To determine how the size of the new 1984 indications reflect on the

given sensitivity curve established in TDR 401 and 423, the maximum

size of the new indications detected was established and compared to
the above. It was determined that approximately 90% of the indica-
tions are a maximum of one coil. (Note: a one coil indication if
not preferentially oriented could give a two coil response). Addi-
tionally, approximately 90% of the new i~dications were determined to
be hetween 20-60% through wall. Using this data against the sensi-
tivity curve shown in TDR 423, the new indications appear to predom-
inately reveal themselves at or near the threshold of detection of

the given sensitivity curves.

[t was determined that approximately 10% was from a population that
has >60% through wall determination. For indications >60% through
wall all were 1 or 2 coils with the exception of one indication in
tube B-97-5. The indication (76% through wall, 3 coils) was located
at the upper tube sheet lower face region. It is expected that the
sensitivity for detection is suppressed during the eddy current probe

passage into and out of (0.5" distance) this region. (Ref. 1).
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The two other 3 coil indications in tubes A-84-131 and A-79-1 had

<20% ang 52% through wall determinations respectively.

The three, 3 coil circumferential extent indications, and the >60%

through wall indications are of dimension below those analyzed to

withstand the main steam line break loadings

(See Figure 6).

The following is the breakdown of the 1982 and 1984 characterization:

Radial Distribution

Axial Distribution

Amplitude
(Voltage)

Percent
Through Wall

1982 _

1984

Predominately in the outer

periphery of both "A" &
"B" (significantly fewer
in OIBN)

Predominately in the UTS
Region Z63%, and
16th span Z14%

76% less than 2 volts in
“A" and 51% less than
2 volts in "B"

50% greater than 90% T.W.
and 96% greater than 40%
T.W. in "A". 16% greater
than 90% T.W. and 60%
greater than 40% T.W. in
" 8"

Predominately in the
outer periphery of both
"A" & "B" (significantly
fewer in "B")

Most in UTS Region I50%.
Some in 16th span Z19%

75% less than 2 volts in
A" and 47% less than
2 volts in "B"

2% greater than 90% T.W.
and 40% greater than 40%
T.W. in "A". 1% greater
than 90% T.W. and 27%
jreater than 40% T.W. in
" BIO



Circumferential
Extent

1982
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1384

The indications ranged
from | to 8 coils in both
IIAII and IIBII- For. llAlI
more than 90% of the in-
dications were 1 and 2
coils (66% - 1 coil and
30% - 2 colls). For "B"
more than 90% of the in-
dictations were 1, 2, 3
coils (50% -1, 34% -2
coils and 8% - 3 coils)

The indications ranged
from 1 to 3 coils in both
“A" and "B". For "A" 90%
of the indicaticns were |
coil. For "B" more than
90% of the indicatio:s
were | and 2 coils (79% -
1 coil and 20% - 2 coils).
There was a total of 3
indications with 3 coils
2 were inner diameter and
] was outer diameter




peydedeu| oy x
| r-ﬂﬂu o
IRLAER Lo By R il “H a
| fennAg| zn a
jjorray 3 B¢ 0

98-634-02
uo | jpJodJao’) JD3|INN nd9

R
h : |Qv" Y ':’;’:'}?

.
v u‘!’ 1‘0')‘1’. GO0 W 0'1 3' - ' ok

pusbs |

| 4 |<.l"‘ll"." ‘ .........
’M:.;;;';,:.;',::,; ;':-:': .?ﬁ ﬁ" b o
""" » ' i 0‘01"»; I ': 2 ,:'v,-' o ;1; ,t' .w.
’&y i 11 1 o:p' 1&4" ‘
an.vu'wq’a h." 8hs? ""“""t"
’i's'u'r'i‘!"l'n‘ul s nu {"‘ - ) i s"‘-’i W‘"o’;’d"’t 1'
l’r’""l ¥ ' e ' i"‘ . '
z "' 1 ‘
i AANH 1‘

fi’;ﬁw ';;,f-gg- ;g,,"wa

‘W '!ﬂ'$', ¢u 3’% ..’;’}, u'.‘:‘:;,u*:.;,:‘;:’:,i,s

{& '%‘": !"‘ )
5 : rig%i;} i
AN IR DN )

i i

"il""'.l

g 0"0 o . c
g"" F W ' 'lu' "n:‘:"‘ ‘h"m;y#i ¢
(el AL w st
tl' il £ '0 KRS ‘0}.01}' i ) n‘"“"ulnln
(AR ) "1‘1' ' Y 1 14 Ol 1' 'sd1 1“" ‘hu‘ i'f 2 'y "u'n'- B \
g‘a ‘| v.| "1‘;' o :1 L '1|'}'|"' X v iy '11 .: ’: "I;;:l'l' e :}' oy
AN R s 'P.h il ;
I i "l::‘::»‘lb L‘I‘H s

. [XE) 30000 t’l' TR ‘??

W et .,, ), nu"‘g 1‘:‘-’1‘«:.‘0 l..‘,: #'ﬁ' H':':":}!,

T il k ﬁ- »}. ,w ; 'r&.t.'.'.'.'ﬁ'. .W %“

J‘!W"’hf g:'v’q:n ' it |
'*’W# LA

S I n}’l“

() ' n i
,v." '1,1 i 0' ""I»H v,,H',!” , {
"’%’"ﬁ*t%‘tﬁr P sﬁ ’“\5’ %l
Wb, d

li:silit WP 1 RN """

( MWW'
l &*«mg;.c i

I"O’t ' 01 '
o

A i .“'4.

Ve
0'0’
IR Rk !

4

‘.l’l‘!i‘ '

!’
_wwﬁ%wwwnmn
'.'o';wn Wl ""':1” !‘1, ‘M’W'b h
*'*’.a': i

o i Hapﬁ,
) ,;.? ,% UL
AN ; gt;mﬁ”‘

;, il "5- ) '.' ! Al A
1) Fi § oifd
i '.uu,v, 1“‘;‘ '4(“.:“-‘ i,
1 {,! :‘l"“i: v‘»}" l?‘v il
T e 11‘2' a3l
¥ HOIVEINIG WYILS
I LINN

NOTLVLS ONILYY3IN3O

HYITONN ONVIST 3TIW 338HL
Vi "O1d

$9=-dd.lL




THREE MILE ISLAND NUCLEAR
GENERATING STATION

UNIT |
STEAHM GENERATOR B

eee
L
o
b §
.
! RN i
' A LY .‘;lo'o." ! ‘o‘o‘g'q‘o'o‘ RO t feteh e
. A '“nl““ﬂﬁ\uc UH%“W\%““\“QHQNNWHUWH\»an- ey '
b AR {'l non-nuuuuo xt«lolt0(1-(1ll'$'u~ B § =
. ' th ORI R XXX KRN N XA NR X XXX NN IMANN R KRN NN ' ' :
" K 'I.) .""“‘ l"l ’l."l.“q"'...".‘.l||.‘.’.’.l"." i ‘»l‘.l‘("il.‘ l‘}.t 'l."’..',j”'l AN . ! '
9 o"‘é‘i....0.0.‘“ AA'.‘." )'0 0ul'0ln “.“..” "" l
..“”ﬁ“,," (X ANK (XXM N !

OO K NS “.
O'HHH" ”‘. oll.'n‘o'ni»’o_o DO Hl-

(WX ua.. ’
X! Ho»u!nuu..nnu,****%**“ {
' ' o-; ! Y Y "
AR 8 KA "‘v' KRN KAXN (UK '

‘
l‘ 1 £
BLEREREREERRTA TR ‘u';', Y }
' 6 (AK] Ioi LX) (B XN XXX n.;.iu W
“0 Hl a l Au AH uuu.un .au( XXX KX KX bt t
‘ AKX HH!'H u.up “u.noxu-u LALLE Y
! ' it HHQ‘HHQ‘ H‘l - Hnuu'vlnl.l..'w 1‘;‘4.4'.‘1‘-‘5‘..1| 1 ungu».
i -y.,u Y
s 6lQ blit nl l I XXX (X A X) )llln(‘l'u ,! |
£ . . ‘(‘)‘c‘n .-‘o‘.”t.olu uuunllnn\llulul‘uun X o} (e XN
i ’ { } 3
3 4 I,(‘ oln o‘n);-le ll(‘| Ql‘l'l.ll- Lloool £ Y
p & o,huonuub HHAH OO0 N K K UOCRUN XN & & K 0% XX ) i
i [ XXX N t;lt\)ll...alllli.lggylugluut ul.lotl (AN XX L
i OO OO OO O KR S XX X XK bll thQ qu lllllv(\..ll
. [ AANE R NN NN XN A X ll.l. ’ llnl.l hA)q ltlb- 1.
OOOOOOOOOOOOOOOOOOOOODGOONOONXXY ) x (X
‘e OOOOOOOOOOOOO XX GOUOOOOOOGOOOOONRN .nl b .nx
LA e e A Y Y AR ..ll ‘
(XN XX ALY UV (XX XXX XX loA 5 (M)
OO0 OOOOUOOOOOOOO OO SO0 XXX Vi XX
Jlnilnbli.ia..(.'lt,a.l,‘t('.n;c.lA*;*.’ls ...Q*rol*..\..n..-;<t.» l."'st|u.,
e (X R XA XN R ARX SOOOOOOOOOOX '
.n.lan-lox!ln-t.t.til(- ) } A’o*;*.,,u’. XX K ey
OOOOOOOGOONXN

R XA N R AR XX
) (X (XX} RN NN AN NN AN NN RN N R XN 15559050
..;‘<_x¢,‘;4..¢§l; |-A'Qll‘l.l|bqtt.yl}‘i!.p.‘,-Ih’ln|i‘-l6l|l)l“‘lbj§-0||
XA N NN Ax,¢|;|¢ a AN N RN AN NS nlanu.nu'l
IANE RN AN RN XXX XN { ] . A.A .4;|0t-005.ll||lttloct| -|Ayltln«l
DOOUOGTONOOON0 »Qol'gw-bn.l,lo-:-..,‘xtl;! 0|l||-|¢0 X ARN X AN
’ ! XN AR XN . IO\.O§4£\I0’Q)| 0»..1-'00
PFATITITAT AT .nllsucl.liiloxilﬁ».ib Il;lltllt| |5A.|)' '64|1 (X
() XX (XX} I AR AR AN AN AR RN A XA ) L X (X} "IIA'II
DOOOUOCOOOOOCOUON, XX A‘...un;.‘l.c-;.,-»ot¢tn-’..

OO KX XXX XX MY ]

..l" cllﬂ.’

) OCE OO
} l”oi't'ob (XN Ly hvh‘ OU R XN K
AR RN XN X PN NN X (X} bll (XN I N R XX XX N )
\b«l‘:lv’vl.blnltt'sbl u'o‘ Ha'l'nlb.ul oQ‘(tA:'A.Au.Q\i' »;AAA“=> (|
’ QOI’-llDltllln-tiyglt't"i‘>-l0b¢lit.| }
' '..o ) L300 N R M OO X N N e N RN X
po 4 »|l(.|u||.Anqu:\.l,.ti'nluu.lnu.‘-u
% 4 , P (KX XXX RN (!olc...a....uA.“..” }
LA RN “"‘,lf .41.1!‘.; |l.\5|.ly0q. | EOE N U M MO M M NN e XX
N '
, " X NN XX [,\ KAKRK [}
[ 3] L 4 ]‘Al-li'tlbb--(‘tvl\lnf) Q'l‘,ll;‘bll«' ) ,‘u. [ ! . .
h? LTS ubHiu~|l-¢ A.,, (S X NAN) Qutln- [ -on.‘cu'unnul( (XN (XX [ ()
: Ll "N | ) ] oilol 00.6.‘0,00\“»:000 [ XXX (] XA XN KX X 10uu'l‘”otnv'-'t..uu.‘
WY i ! ll'.‘ll HOH'H‘DH ~-5|1100I5Il'!||9 Ql)!oltlli>\lolvl0 [ (X} U300 S OO X XN )
# \ -..ipl-., "‘t't.. |‘| 0‘1'1‘00.6.0 .‘.'...{A‘l -‘()l-“u.'t .,t.lgc‘.a‘yl‘O-'o 00(1)“ ‘H 4 “ QI‘I'Q0.0Alnu..nl‘|-ll*Q‘o*b-itc 1'&‘+
LN ) [ N ) ’ 4 L L lt (N} ! ] I MN ] [ AN i 9
‘. Wi Rl ) '0.0 } p;n.un“u( ARAKRE * * KX ‘."‘00'»“|‘ulilllblnul‘vllv» (e ity :
v + wiat ' ; \1;0.:“1.'1' (o,n. ”,.,.‘.u““»t»y RN K XA NN NNN
a L YA ’ (XXX KRR KK KX KK X ..lg (XAR) u.uun nu.u.lnlounwuu'u uuul.uu» PN
| Qo ' i 04' --nq.ww urounu I XX} los (XA NN AN NN y»iuuoo:tnnnx“ XN R XN I
i S TLUE ek b HH HHH (XN ) HHHMHH i L ()Hp\luﬂ‘wuolo"'ln Huu-nnloun.luu .H
A ! 4 b4 ul!.uilnhlnulntuxx (KRN leoH' c.lluuuu\w Hu-u.u:n,n\ OOOUOODOOODOOOOOON XN b
i SRR [N 0|40 N NARKENEX A XK XX R [ XA XN [ XXX nnloov0|.oo|)y0 I AXAAXNE A X K] '|l||qll|bl>oﬂlltia‘}61A » 1
4 $ § .”A, .ct‘tbllint“gu ) Al.ncululq Hlntouo t.nn 06 .nlbno:.o |n| 'tuqnillq XXM AR XN oL e
{ XK SO K X K DOOOOOOOOOOOOOCOOOOOOOOOOOOOOOOOOODN R YN (X XK DOOCEXOOEOOCC O K | !
XA XK -()izllux()|||j..b .uu‘nur.l:qH'HHAHHA-HH lHa»H'i ulnuntu:-‘"ﬂ'“ L 'l )
oAHHUH‘HMHHHIHM LN 000 K0 X 0, 000 éll' lu.,u u.anty.un..“on-gonu n((l
(RN NN NN AR NN X AN NN N IR AR R A AN AN RN XA RN NN I AN NN NN N |Qu| e |
XK ) Hll-uouuoau«.o.“ DOCKRK XXX l XXX N KN puu.q..lu(-nnlpllu o
PLLLL AR CELLLLL LR LR L XX XA N X '41000vl.‘l t..
‘\‘."“l“"."""l"al"l‘.‘-ll)bttxl.’l‘ (XA XA oohiob.ucu.lu»» H-an,
i) ¢|:-boltnolluua.nn'v.tnHH,H- qualul‘ 99.00l0l ' O‘I»H
H!Ql‘ [ -uuillcq;.uo‘,i(Ht-tqllul.‘.“ Mll.allnlt i vv . lo.“..
(XX ) | Q,ul\n\-,lo.nol;‘.lqol.nuly»h,Hv;u...l-.,Hu.“; .|,q
0-"rOtt-n'o‘.vltl|'00|lnixcltltolil«yqlchlt XXX vtxlllpi» KN : H,A () il
4 R ,-J»x»uc.llu. 0 Aunlnglob H (X “t.- (XX NN "l'l!.lnl!l 0. ] 4
B LR (N ] wgno" ob- (AN ) (}'ln'i..i.‘li‘-y‘vl‘ytl qlt ',‘..
[} O»rtlolloltionQv-~l|ui;;; (NN ‘Alll’.l“l!‘l')')lv‘. AA!I;“AI'D -i.,,A } 4
¢ (RN OO KRN n'. K R R R KR KT M I R (XK INRRKRN u‘uth.h
uln¢"’looolo.til‘tcl-lc'oldlcb 0. ‘Oi 4‘! A.. .. A‘ ..| -,bt t‘\‘t‘a;q|oo‘l !‘q ¢“|n|q‘l‘o|tl‘|qv le;lc‘n"'\‘\ b, LR
i | ) (X ' Pyt ( £ [ KRN (
||¢5|0 ‘il’l‘ Alqt.'b:,.iHQ.I||‘oc‘|l0i'»l’.bvl;.4'|Hl'«' A SN b‘
(X KX (

NN X lHl XXX RAANKN)
AAREA EREEEREL DR et .-lql.ulnuon
: vy OOOOCK KX AKX Mull'uuvw (XX

lllc.nu:..
L) ] | ;|

(XX i
i1 KKK () OOOOOOIK
“l»-u-.(« 1)“,» g.'“'l'ax“ "H“ "n‘»',x»n i
OOt H.au.o XX b.lyblnl\&itl’“ (A X zuonqucol(.x. 5
I ' :r l'|.|.l.0.\“‘l’l -'4‘;:.9'.‘.’0‘0‘“) ‘o...x‘ "."‘Il"..!bl" 0‘q'|| \ ‘- s ‘. al. 5 .’. ¢‘o'..¢‘ ‘A ' A ." *l [ %) )
' ' [ ( () th
9“ L l;(..‘l‘..‘ OO0 KN SRLEE " vn‘»:xl..»‘.‘...::.‘a,...; WX K ".’ A
. ‘ (XX ' ( () X f [
l"‘ 'l'lz-')h"t ," t'..!‘~ 0 lltll' lllA »‘n.gi- 'I"vll'l'b. 'q i“l-' lli‘ I'H "u..;' ‘p.t'q‘tll.c.
‘ " """,“ i .l~»|.q,. n.ituali

L

l.
4 l
§.000 }'vt'u'HH !
(| { § Y (KX NNKNRN
® ! L b Y 'y -‘.’. c't‘ﬁ ‘* *' * * + * Ity Y ‘a' AN .'ﬂ "»’ Lkt
d h i ;
> ! L

i & B 1) 0 I X} | LAY Y 'o. ! ‘ ‘]' t! .|'|.'l L0 [ ;’,‘.’...'. t'!"l;‘
Vi, y ! Y e
‘ § v ') ) x ; ( ’ ' ' h ‘ . l “’h'l.o.l l'(’) n’l‘l‘q‘.‘\ ) " ,)'.(I .' "’l‘l’)’t'l.ll‘,)h!t'O‘Q‘l l’)'l a
i " '.J ... ‘..”.qun” XN MK X X (XN )
O OV (Y ... ‘, .‘, L L s‘ 2.‘ '1.l‘A.l.l’|’l"‘l‘l.'.| ) '|.0||‘| (AR |'|)..|'|‘; ) g
S R it s c.ufl OO *
A ' d ' wies i I'Q llf'l 1 |'A X »'x’o x

' [} i
’ »
i 0 ‘
§ |
O
| . | ]
Ky i
[
LG OO
- ' !
L "9 . hr
. o
{ .
.

GPU Nuclear Corporation

® Plugnd Tube 20-FEB-85

x Not Inspecled



0

TDR 652

Rev,




3

9

TDR 65
Rev,

o0

Y961 SA 286l
NVdS SA IN3IOHad
H HJOLVHEANAD NVALS INL




DR 652

Rev,

JRE 3A

FIGI

0

7861 SA 2861
SILI0A SA LN3Od3d
V JOLVYINID WVALS INL




TMI STEAM GENERATOR B
PERCENT VS VOLTS

g JdN014

*ADY
259 ¥dlL

0




GA

FIGURE

TDR 652

TIVA-NEHL INEESd

001-08 0908 6.0 89-00 00 670V 6E0C @02 6i-0

Wi o OB
/?Ill

¥661 SA 286l
TIVA-YHL INJOY3Ad SA LNAOMAd
V SOLVYEANAD NVALS IRL




TMI STEAM GENERATOR B
PERCENT VS PERCENT THRU-WALL
”“ 1962 VS 1984
g
[\ 4
0l -} \ =
I\ =
i 35 S0
i
R 1 SO
| \
/ \
|
wdl
O isee
; \-—O'—-‘.o\ O 199
0-19 20-20 30-39 4049 50-80 60-60 70-79 80-89 00-100
PERCEINT THRU-WALL




FIGURE 5A

1982 VS 1084 X1 DATA

‘"™i STEAM GENERATOR A
PERCENT VS COILS

L
o0

)

o




FIGURE 5B

Rev,

PERCENT VS COILS

1982 VS 1084 8XI1 DATA

TMI STEAM GENERATOR B

0



GGGGGGG




TDR 652
Rev. 0
Page 25 of 60

REVIEW OF PRE KINETIC, POST KINETIC & POST HOT FUNCTICONAL EXAMINATION DATA

A. OVERVIEW
GPUN performed a 100% Examination of the OTSG tubes in 1982. This

examination is referred to as the 1982 baseline.

Since performing thic examination GPUN has reexamined a select number
of the OTSG tubes to monitor the effects of the kinetic expansion

repair (KE) and the subsequent hot furctional testing (HFT).

These examinations revealed the presence of indications which were
not previously identified during the 1982 baseline examinations. To
more fully understand the appearance of these indications GPUN per-
formed detailed evaluations of the available eddy current data to
determine if the indications had been present but could not be de-
tected on previous examinations or if the indications were in previ-

ously unaffected areas of tubing.

Included in these evaluations were data sets of:

1982 In Process Examinations for Kinetic Expansion (October, 1982)

Purpose: Determine the effects of kinetically expanding the OTSG

tubes.
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This data set consisted of examining 437 tubes in OTSG A and B after

the tubes were expanded. The data was then compared to the 1982

baseline.

1983 Post KE Examinations (April, 1983)

Purpose: Determine the effects of the complete kinetic expansion

process on the OTSG tubes.
This data set consisted of examining 477 tubes in OTSG A & B after

the kinetic expansion repair was completed. The data was then com-

pared to the 1982 baseline. This data set includes the ISI tubes.

1984 Post HFT Examinations (November, 1984)

Purpose: Determine the cumulative effects of the kinetic expan-

sion repair and subsequent HFT on the condition of the

OTSG tubes.

A data set of 375 tubes was identified from the November 1984 popula-

tion which remained in service for wh' 7 GPUN had 1983 post kinetic

expansion data. This data set includes the ISI tubes. This data was

then compared to the 1983 post kinetic expansion and the 1982 base-

line data.
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Also included in the review were 45 tubes with indications igentified
as >40% through wall, during the 1984 examinations. These tubes were
selected from tubes included in the 1984 flaw growth program. Since
no 1983 post KE data was available, the evaluation results were com-

pared to the 1982 baseline.

METHOD OF EVALUATION

During the evaluations, the data analyst reviewed the magnetic tapes
of the previous eddy current data for tubes with newly detected indi-
cations. This review was accomplished by isolating the specific area
of interest and performing a detailed review of the eddy current sig-
nals. By isolating the known area of interest, the data analyst was
able to perform an intense analysis of the eddy current signals at a
higher level of sensitivity than allowed by production analysis tech-
niques. This intense focus permitted the data analyst to identify
the possible presence of low level eddy current signals which may be

masked by background noise during production analysis.

Once the signal was identified and isolated, the analyst then
measured and recorded the signals amplitude, which indicates the vol-
ume of the discontinuity, and the phase angle, which indicates the

depth of the discontinuity.



TDR 652
Rev. 0
Page 28 of 60

The amplitudes and phase angles of the signals were then character-
ized to determine the relative size of the discontinuities. The
evaluations from the successive examinations were then compared to
establish when the signals were first detectable by eddy current.
This also characterized any changes which made the signal detectable

by production eddy current techniques.

RESULTS OF EVALUATIONS

As a result of the evaluations performed on these data sets GPUN con-

cluded that:

1. Knowing the exact location of a reported indication, most of the
indications could be identified in previous examination data.
This indicated the discontinuities were previousiy present but

not detectable due to their low amplitude.

2. As a result of the kinetic expansion and the hot functional test-
ing the amplitude of previously unidentified signals increased
making the signal response more detectable. This was typically a
100-200% increase in amplitude which brought the signals above
the threshold of detection. This can be attributed to an in-
crease in the volume of the discontinuity.

Example: 1984 data shows 1.5 volt signal in 0.5 volt ncise,
re-review of 1982 data shows 0.5 volt signal in 0.5

volt noise at the same l!ocation.
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3. Although the amplitude of the signals increased, the phase angle
of the signals did not show a corresponding increase for the in-
dications first detected in 1984. This would indicate that, al-
though the volume of the discontinuity changed, the percent

through wall penetration remained constant.

4. The new (1984) indications which were reviewed are located at the
upper elevations of the OTSGs. This corresponds to the previous-

ly affected areas of the OTSGs identified during the 1982 examin-

ations.

DETAILS OF EVALUATIONS PERFORMED

The following is a brief description of the evaluations performed and
the details of the data sets utilized. The data sets are presented
in chronological order to demonstrate the cumulative effects of the
various OTSG activities upon the tubes since the 1982 baseline. This

chronology is also contained in Table 2.

1982 In Process Examinations for Kinetic Expansion (October, 1982)

Purpose: Determine the effects of kinetically expanding the OTSG

tubes.



TOR 652
Rev. O
Page 30 of 60

In order to monitor the effects of the kinetic expansions GPUN ex-
amined 437 tubes. The tubes selected for these examinations were the

first tubes to be expanded, located in rows 1-8, in toth OTSGs.

This examination identified discontinuities which were not previously
recorded in 15 of the 437 tubes examined (3.5%). An evaluation was
performed at that time to determine why the indications were not

identified previously.

This evaluation is documented in TDR 401 (Ref. 4) and TR-008

(p. 44-45) (Ref. 5) and concluded that:

1. The indications were not initiated by the kinetic expansion pro-

cess nor was there any evidence of detectable propagation of

existing indications.

2. The defects were small (threshold) type indications that had
either been masked by the high background noise levels in the
upper tube sheet regions or were sufficiently tight that signifi-
cant metal removal was not present to permit detection. Kinetic

expansion may have altered these areas to make them more detect-

able.
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1983 Post Kinetic Expansion Examinations (April, 1983)

Purpose: Determine the effects of the Kinetic Expansion Repair

and associated Tube Plugging Activities

GPUN examined a sample of 477 tubes in OTSGs A and B using the dual
examination method. This sample was selected to determine if the

kinetic expansion process had significantly altered the condition of

the OTSG tubes.

The sample was based on the requirements of GPUN specification
SP-1101-22-014 which is summarized in TR-008 Appendix A

(p. 109-113). The sample requirements are summarized beiow:

(a) All tubes with <40% through wall indications which remained

in-service. (ISI Tubes)

(b) A1l tubes adjacent to 10 selected simply plugged tubes with
defects in the 15th, 10th and 1st spans. (10 tubes each

oTSG) .

(c) All tubes adjacent to 10 selected simply plugged tubes, in

the periphery of each OTSG.

(d) 50 tubes in high plugging density areas ‘n each CTSG.
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(e) All tubes adjacent to 5 plugged tubes in each OTSG with >3

volt signals in the lower part of the OTSGs.

(f) In addition to (a) through (e) above, all tubes identified as
leaking during the post regair drip and or burhle tests were

included.

The examination of the above sample of tubes provided an evaluation
of the "worst case" areas of the OTSGs. The examination resulted in
the identification of indications >40% through wall which were not
previously recorded in 35 tubes (7.5%). In addition, 1 of the indi-
cations previously identified as being <40% through wall in OTSG A
appeared as >40% and required further dispositioning. The comparison
of the tube status prior to and after the kinetic expansion process

is summarized in Table 3 and in TR-008, Appendix A (p. 109-113).

In its 1983 evaluation GPUN reviewed the 1982 baseline to establish

the cause of the newly detected indications. This review concluded

that:

I. The majority of the indications could be detected during detailed
reviews of specific areas of the 1982 baseline data. These re-
views showed the indications had typically been present at low

amplitudes and signa! to noise ratios of 1 to 1 or less.
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The kinetic expansion process apparently caused the amplitude and
corresponding signal to noise ratio of the indications to in-

crease thereby making them more detectable.

The indications were located near the top of the OTSG. Twenty

eight (28) of the 35 (80%) of the indications »>d40% through wall

which had not previously been detected were located within the
upper tube sheet. This would be the area most affected by the

kinetic expansion process.

The phase angles of the indications reported in 1983 did not show
a relevant increase in the percent through wal! when compared to

the 1982 baseline data.

GPUN also reviewed the 1982 baseline and 1983 post KE data to de-
termine if the indication (ISI tube in 1982) previously identified as
being <40% through wall in 1982, and then reported as greater than
40% through wall in 1983, indicated a change in the status of the
tube. A detailed review of this tube and prior associated indica-
tions revealed that they were outside diameter originated and are
therefore not part of this evaluation for primary side attack. Its
disposition was covered by the TMI Unit 1 technical specifications

requirements and the tube was removed from service.




TOR 652
Rev. |
Page 34 of 60

1984 Post Hot Functional Testing Examinations (November, 1984)

Purpose: Determine the cumulative effects of the kinetic expan-
sion repair and subsequent hot functional testing on

the condition of the QTSG tubes.

Following the hot functional testing (HFT) performed after the kin-

etic expansion repairs (KE) GPUN performed the 1984 examinations of

the TMI OTSGs. These examinations provided a basis for determining
the cumciative effects of the kinetic expansion repair and subseqguent
hot functional testing of the OTSG tubes. These examinations identi-
fied indications not recorded in previous examinations. To charac-
terize the newly recorded indications and determine when they could
first be detected, GPUN performed extensive reviews of the historical

data for 2 data sets. These data sets are discussed in (A) and (B)

below.

(A) The first data set selected for evaluation from the November,
1984 data set was 375 tubes for which post kinetic expansion data

was available. This data set included:

(1) All tubes remaining in service in OTSG A which were previous-
ly examined during the 1983 post KE examination. This con-
sisted of 163 tubes with no previously recorded indications
and 28 tubes previously identified as having 20-<40% through

wall indications (ISI Tubes).
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(2) All tubes in the outer periphery of OTSG B which remained in
service following the 1983 post KE examinations. This con-
sisted of 128 tubes with no previous indications and 56 tubes
previously identified as having 20-<40% through wall

indications (ISI Tubes).

As a result of these examinations, 14 of the 291 (5%) tubes with
no previous indications were identificd as having indications
>40% through wall. Of the 84 previous ISI tubes, 3 tubes had
indications reported in 1984 which had not been previously iden-
tified in 1983. These 14 tubes with no previous indications and
the 3 ISI tubes are discussed separately below. The results of

the examinations ¢~ summarized in Tables 4 and 5.

Tubes With No Previcus Indications

For the 14 tubes with indications >40% through wall which were
not previously recorded, a complete evaluation of the historical
data was performed. The review characterized the indications and
determined if they had been present during the previous examina-

tions. This evaluaticn concluded that:

I. During the review of the 1983 post KE data, 14 of the 14 in-
dications were detectable but were low amplitude signals

within the noise. During the review of the 1982 baseline
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data, 9 of the 14 indications could be identified. This
would suggest that both the kinetic expansion and hot func-

tional testing increased the detectability of the indications.

The amplitude of the indications increased from the 1983 post
KE examination to the 1984 post HFT examinations making them

more detectable from the surrounding noise.

The indications recorded during the 1984 Post HFT examina-
tions have a small circumferential extent as shown by the 8xl
absolute probe. Of the 14 indications having >40% through
wall penetrations, 13 appear as ! coil and 1 appears as a

2 coil indication. A 360° indication would appear as an 8

coil indication.

ISI Tubes

For the three previous ISI tubes which have indications >40%

through wall, which were not previously identified and reported

in 1983, the evaluations are as follows:

One tube A-120-106 showed an additional indication which was
identified as being 95% through wall and 4.0 volts and was lo-

cated at the edge of the !5th support plate.




TOR 652

-

Rev. O
Page 37 of 60

Upon a re-review of the 1983 Post Kinetir Expansion Data it was
determined that the indication was present at approximately 55%
through wall and 2.1 volts but the signal was masked by the sig-
nal from the tube support plate. The effects of the support
plate signal also distorts the phase «ngle of the eddy current

signal making an accurate percent through wall determination im-

practical.

This particular tube support is a drilled support and cannot be
"mixed out" using the multifrequency eddy current techniques used
to examine the broached supports located throughout the remainder
of the OTSGs. This creates a zone of reduced sensitivity
(approximately .5" above and below the edges of the support
plate) at the drilled support locations. The 1983 signal at 2.1
volts is below the 3.3 volt threshold of detection for the

drilled suoport plate as established in TOR 423.

This zone of reduced sensitivity applies to the edges of both the
upper and lower tubesheets and the drilled hole in the 15th sup-
port plate. The drilled holes are located only in the extreme
outer periphery of the 15th support plate. The remainder of the
15th support plate and the other 14 support plates are the

“broach" design and do not have this zone of reduced sensitivity.
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The other two tubes, A-3-31 and A-149-14, had indications greater

than 40% through wall reported in 1984 which had not been previ-

ously identified. In the re-review of the 1983 data at the spec-
ified location, the indications were identified and compared to
the 1984 data. This comparison showed the indications were low
amplitude signals masked by noise in the 1983 data. (See Table

8.

The second data set selected for evaluation from the November
1984 data set was 46 tubes with indications first identified dur-

ing the 1984 examinations. This data set included:

(1) 12 tubes with indications less than 40% through wall and 34
tubes with indications greater than 40% through wall. The
tubes selected for this evaluation were previously included
in the 1984 Growth Program. The tubes were located in the

outer periphery of the OTSG A.

The indications were characterized and compared to the 1982 baseline

data. The results of the evaluation conclude that:

Knowing the exact location of the 1984 indications, the corres-
ponding indications could be identified during a review of the
1982 baseline data for 32 (70%) of the tubes. This would indi-
cate the areas had been affected prior to the 1982 baseline evam

inations
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A comparison of the 1982 to 1984 data shows the average amplitude
increased from 0.6 volts in 1982 to 1.5 voits in 1984. This
demonstrates the amplitude of the indications increased during

this time period making them more detectable.

The comparison of the 1982 to 1984 percent through wall determin-
ations showed a slight downward trend of approximately 11 percent
through wall (equivalent to a 3° phase angle change). Based on

this phase angle evaluation, no significant trend of through wall

growth can be established.
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Table 2

Chronology of Steam Generator Evolutions and
~_ Corresponding Eddy Current Examination

Steam Generator Eddy Current Examination
Event Duration Data Sets Results » 40% T.W.
A B

Start-up & Test
131 tubes leak Oct-Nov 1981 July-Sept 1982 885 273
(1982 baseline)

Kinetic Expansion

Repair Oct-Dec 1982 Qct-Nov 1982 9 6
(in process)
April-May 1983 22 14 |
(Post)

Hot Functional Aug-Oct 1983 - -

Test May 1984 . -
Leak Test June 1984 July 1984 0 1
Dry Lay up June-Nov 1984 - -

Tech Spec
4.19 Nov-Dec 1984 Nov-Jan 1984 298 30 l
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Table 3

Results of 1983 Post Kinetic Expansion Examinations

Status Prior to Kinetic Expansion (1982 Baseline)

*k
ISI Tubes
Tubes Tubes Tubes Tubes Preventivel
0TSG Examined NRI <40% (ISI Tubes) >40% Plugged
A 215 200 14 0 1
B 263 212 5 2 9
TOTALS 478 412 65 0 1
Status After Kinetic Expansion (1983 Examinations)
R
ISI Tubes
Tubes Tubes Tubes Tubes Preventivel
0TSG  Examined NRI  <40% (ISI Tubes) >40% Plugged
A 214 163 28 (12 previous ISI) 22 (1* previous ISI) 1
(16 previous NRI) (21 previous NRI)
B 263 193 56 (51 Previous ISI) 14 (O previous ISI) 0
( 5 Previous NRI) (14 Previous NRI)
TOTALS 477 356 34 36 1
NRI - No Relevant Indications
NOTES: * In 1 tubes, indications reported as <40% through wall in 1982

were reperted as >40% through wall in 1983. These indications
are outside diameter initiated and are not considered relevant to

the present evaluations.

** These [SI tubes were preventively plugged in accordance with
engineering dispositioning based on location (axial and/or

radial) of “40% thru wall indications.
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Results of Post Hot Functional Testing Examinations

Tubes
Examined

191

184
378

Tubes
Examined

191

184
375

Status of Tubes Prior to H.F.T.

Tubes
NRI

Tubes
<40% (ISI Tubes)
28
36
84

Status of Tubes After H.F.T.

NRI

Tubes
<40% C(ISI Tubes)

39 (23 previous ISD)
(16 previous NRI)

56 (55 previous ISD)
( 1 previous NRI)
95

= No Relevant Indications

Tubes
>40%

olo o

Tubes
»40%

19 ¢ 5§ previous ISD
(14 previous NRID)

previous ISD)

1 ¢ 1
© (0 previous NRI)

20



Greater Than 40% Through Wall in 1984

Table §
IS1 Confirmed Indications

Indication

tlevation

120 - 106

13+0

13+04
13405
13+08
13+15

14-06
15-16
usS+04

12+09

13-08/15-08

1540
us+02

Origin

10
10
Y
10
10

10
1D
10

10
1D
1D
10

Represents re-evaluation of 1983 data.
** Indications not previously identified during production examinations, indi-
cations first identified during 1984 review of 1953 data.

April
1983 Post KE Data

% T.W.

33%*
2730
33gee
a0%**
0%

BOX**
HORA*
20%

A0%**
SOR**
S55%**
20%
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Nov.
1984 Post HFT Data

—00 OoC—O-—
- - -
——B CUSs WOWE—

- RO O

33% 1

<20% I
36% 3

45% |
2831% 0.

76% 0

0

69%
Not Detected

al% 1
48’ 0.
95% B
20% 1
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VI. GROWTH PROGRAM
GPUN initiated a growth program during the examinations in November 1984

to determine if a growth mechanism was active during the current
(July-Nov 1984) period of extended dry layup of the TMI-1 OTSGs. This
sample included a population of 100 tubes in 'A' and 50 tubes in 'B'.

The tubes for both generators were selected from high defect areas of the

anerators and were examined full length using the GPUN dual examination

method.

OTSG A GROWTH PROGRAM
The growth program in the 'A' OTSG consisted of examining a popuiation of

100 tubes 3 times at approximately 2 week intervals. Initfally, these
tubes were examined as part of the production eddy current program in
Mid-November 1984. The tubes were subsequently examined a second time in
late November 1984 and a third time in Mid-December 1984. Results of the
3 examinations of each tube were then compared for changes in the number
of indications and for changes in signal response voltage or percent

through wail determinations.

The 100 tubes in the 'A' Growth Program included 55 tubes with confirmed
indications and 45 with no relevant indications. The comparisons of the
repeat examinations were performed by evaluating the signal amplitudes
and percent through wall determinations. These evaluations revealed es-
sentially no change in the voltage or percent through wall determina-
tions. These results indicate that there was no continued degradation

fur‘ng the three examinations from November tO Decemper, '984,
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OTSG B GROWTH PROGRAM
The Growth Program in 'B' consisted of a Mid-November 1984 examination of

50 tubes which were previously examined in July 1984. These 50 tubes
were selected from the high defect area for full length examination in

July 1984 during a limited scope examination performed when primary to

secondary leakage was detected.

The July and November 1984 Eddy Current results were then compared and no

previously undetected indications were found to exist in the November

1984 results. There was no evidence of continued degradation in these

tubes between July and November 1984,

GROWTH PROGRAM CONCLUSIONS

The Growth Program evaluations indicate there was no significant change
in the condition of the tubes from July to November 1984 in the 'B' OTSG
or from Mid-November to Mid-December in 1984 for the 'A' QOTSG. This in-
formation does not indicate any correlation between extended dry lay-up

and identification of previously undetected indications.




TOR 652
Rev. 0
Page 46 of 60

VII. CONCLUSIONS

Based on the characterization of the 1984 indications, a review of the
1982, 1983 and the growth program data, GPUN was able to draw the follow-

ing conclusions for the 1984 examination results.

|. The characterization of the 1984 indications by axial and radial lo-
cations, and their correlation to the indications reported in the
1982 baseline, suggest that the 1984 indications are an additional

subset of the 1982 indications.

2. The re-evaluation of previous data suggests that the indications
identified in 1984 were already present during the 1982 examination

but were within the background noise.

The kinetic expansion repair and hot functional testing may have in-
creased the amplitude of these previously existing indications and
made them detectable during production examinations. There was no

trend of through wall growth associated with this amplitude increase.

3. Based on the evaluation of the Growth Program, there is no evidence

of continuing tube degradation since the OTSGs were placed in dry

layup in July 1984.
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The characterization of the 1984 indications shows that approximately
90% of the indications are 20-60 percent through wall and 1 coil.
These indications are at or near the threshold of detection for the

previously established sensitivity curve.

Approximately 10% of the indications are higher percent through wall
(>60%) with a circumferential extent of | or 2 coils. There is a
total of three (3) coil circumferential extent indications. All of
these indications are between the threshold for detection and the

most conservative curve for critical crack size. (Main Steam Line

Break) .



VIII.

TOR 652
Rev. O
Page 48 of 60

REFERENCES

GPUN TDR 423, Rev. 1, R. Barley, J. Janiszewski, G. Rhedrick,
M. Torborg, "Three Mile Island - Unit 1 OTSG Tubing Eddy Current

Program Qualification," 3/15/84.

GPUN TDR 442, Rev. 0, G. Rhedrick, "Eddy Current Examination Results

of Three Mile Island Unit 1 OTSG," 8/29/83.

GPUN TDR 642, Rev. 0, M. Torborg, G. Rhedrick, "Qualification of

Conversion Curve for Inner Diameter Discontinuities," 1/29/85.

GPUN TDR 401, Rev. 0, G. Rhedrick, "Report on Eddy Current Indica-

tions Found Subsequent to Kinetic Expansion of TMI-1 Steam Generator

Tubes," April 1983.

GPUN Topical Report 008, Rev. 3, T.M. Moran, "Assessment of TMI-1

Plant Safety for Return to Service After Steam Generator Repair",

August 19, 1983.



TDR 652
Rev. O
Page 49 of 60

APPENDIX A

ABSTRACT ON THE DEVELOPMENT OF THE DUAL INSPECTION
TECHNIQUE AND PERCENT THRCUGH WALL CALIBRATION CURVE
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Prior to the 1982 OTSG tubing inspection, GPU Nuclear had always performed its
OTSG tubing examinations with the standard differential eddy current technique
for detecting indications that normally originated on the outer diameter of
the tube wall. The eddy current inspection system was operated at normal gain
and the probes used for these inspections measured 0.510" diameter. These
parameters traditionally were considered acceptable for inspecting the OTSG

tubing which has a nominal inner diameter of 0.557".

After 131 tubes leaked upon start-up and test in November 1981, eddy current
examinations were immediately performed with the standard differential (5.0.)
.510" technique and some of the leaking indications were not detected. A sub-
sequent examination was performed with a multi-coil absolute eddy current
technique and indications were identified in the roll transition of the leak-
ing tubes. In addition, other indications which had not been detected by the
previous S.D. .510" examination were identified. The defects discovered in
the OTSG tubing were metallurgically evaluated as inner diameter initiated,
very tight, and ¢ ientated around tha circumference of the tubes. It was then
recognized that the S.D. .510" technique was not sensitive enough for detect-

ing all of the new inner diameter discontinuities.

GPU Nuclear modified and improved the sensitivity of its standard differential
technique by increasing the probe's diameter to 0.540", and increasing the
operating gain. This modification improved the standard differential's sensi-
tivity for detection of predominately circumferential, [.D. initiated indica-
tions by approximately 175% over the older technique. The disadvantage of
using the nigh gain and improve3 fill factor i3 that the standard differential

examination oeccmes overly sensitive to surface anomalies.
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The absolute technigue used to confirm the standard differential inspection

results was also modified and improved. The development of the 8x1 Absolute

probe with eight pancake shape coils placed around the probe body provided 360

degrees coverage on the circumference of the tube wall. This design permitted
a single pass of the probe in the tube during an examination as compared to
multiple passes when fewer coils are used. The eight coils also provided a
fair estimate of the arc length of an indication because the response signal

from each coil represents its proximity to the indication.

Using the improved S.D. .540" high gain and absoiute 8x1 techniques, GPU
Nuclear developed a dual method eddy current inspection technique. The ini-
tial examination was performed by the S.D. .540" high gain technigue. If the
examination by S.0. .540" showed no evidence of a defect, its examination be-

came the final inspection of record.

[f the S.D. .540" examination reported an indication, a second examination was
performed using the absolute 8x1 technique. The absolute 8x1 examination de-
termined if the reported indication was relevant or non-relevant. For those
indications determined to be relevant, the absolute 8xl result was used to
estimate the arc length and also confirm the origin (I1.0./0.0.) and axial lo-

cation of the indication.

During a standard differencial eddy current examination the percent through

wall penetration of a flaw is determined by measuring the response signal's

phase angle and converting that measurement to the percent through wall A
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calibration for this conversion is established by setting up the standard dif-
ferential equipment and testing a known standard. The phase angie for “he
eddy current response signal is adjusted tc a specified measurement which gen-
erally is 40 degrees for a 100 percent through wall by .052" diameter hole
standard. This calibration is done in accordance with the ASME Section XI
code. The traditional conversion curve for phase angle measurement to inner
diameter initiated percent through wall is determined by the values that are
extrapolated from the 40 degree phase angle-100 percent through wall (given by

the .052" diameter hole standard) to zero degree phase angle--zero percent

through wall.

The estimated percent through wall that is extrapolated from the conversion
curve tends to overcall the actual percent through wall of a small volume
flaw. This over calling is considered conssrvative eddy current evaluation

and was instituted in the 1982 dual inspection technigue.

It had always been acknowledged that this traditional curve overcalled small
volume inner diameter discontinuities. The presence of smalier inner diameter
initiated cracks in the TMI-1 OTSG's had required GPUN to develop a more ac-
curate means of assigning the percent through wall penetration. Therefore,
the traditional inner diameter conversion curve was enhanced by using supple-
mental data from EDM with various known depths. This data was used to develop
a conversion curve which more accurately rapresented small volume, inner di-

ameter initiated discontinuities and this accuracy was verified through metal-

lurgical correlaticons using actual intergranular stress assisted crack samoles.
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TMI STEAM GENERATOR A AXIAL LOCATIONS OF CONFIRMED
INDICATIONS 0-100% THROUGH WALL
PERCENT VS SPAN
1982 VS 1984

1982 1984
Support Frequency Frequency

LP-1 6 ; 1
1-2 23 . 2
2-3 8
3-4 8
4-5 17
5-6 58
6-7 34
7-8 55
8-9 34
9-10 1 . 4

10-11 24 . -

11-12 54 . 13

12-13 63 . 54

13-14 : 57

14-15 97 . 78

15-US 530 . 217

US-uP 2040 : 571

TOTAL 3208 1101

Note: (1) 1984 data includes the length of tubing below the kinetically ex-
panded zone. (Approximately US+7 and helow).

(2) 1982 data includes the length of tubing from US+15 and below.

(3) Data taken from 1982 and 1984 data bases as of 2/15/8S.
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TMI STEAM GENERATOR B AXIAL LOCATION OF CONFIRMED

INDICATIONS 0-100% THROUGH WALL

PERCENT VS SPAN

1982
Support Frequency %
LS 6 .468
1-2 3 .234
2-3 4 312
3-4 20 1.561
4-5 9 .703
5-6 9 .703
6-7 24 1.874
7-8 12 937
8-9 19 1.483
9-10 20 1.561
10-11 15 L ER
1'=12 34 2.654
12-13 34 2.654
13-14 106 8.275
14-15 81 6.323
15-US 98 7.650
us 187 61.144
TOTAL 1281
Note:

1982 VS 1984
1984
Frequency
6 3
2 1
1
3 1
6 3
4 2
8 4
7 3
4 2
9 4
2 1
12 6
12 6
7 3
7 3
25 12
78 40.
193

.109
.036
.518
.554
.109
072
.145
627
.072
.663
.036
.218
.218
.627
.627
953

414

(1) 1984 data includes the length of tubing below the kinetically ex-

panded zone.

(Approximately US+7 and below).

(2) 1982 data includes the length of tubing from US+15 and below

(3) Data taken from 1982 and 1984 data bases as of 2/15/85.
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TMI STEAM GENERATOR A VOLTAGE DISTRIBUTION FOR CONFIRMED
INDICATIONS 0-100% THROUGH WALL
PERCENT VS VOLTS
1282 VS 1984

1982 1984
Volts Percent Volts Percent
0 31.807 0 34.968
] 44 653 ] 35.15
16.595 23.
4.702 4.
.537
.338
.184
.061
.092

(1) 1984 data includes the length of tubing below the kinetically ex-
panded zone. (Approximately US+7 and below).

(2) 1982 data includes the length of tubiny from US+15 and below.

(3) Data taken from 1982 and 1984 data bases as of 2/15/85.




Note:

TDR 652
Rev. 0
Page 57 of 60

TMI STEAM GENERATOR B VOLTAGE DISTRIBUTION FOR CONFIRMED
INDICATIONS 0-100% THROUGH WALL
PERCENT VS VOLTS

1982 VS 1984
1982 1984

Volts Percent Volts Percent
0 23.878 0 26.425
] 28.897 ] 20.207
2 25.019 2 27.979
3 9.810 3 11.917
- 6.844 4 5.699
5 1.901 5 3.109
6 1.597 6 1.036
7 .608 7 1.554
8 1.217 8 1.554

9 0 9 0
10 .076 10 518

11 152 11 0

(1) 1984 data includes the length of tubing below the kinetically ex-
panded zone. (Approximately US+7 and below).

(2) 1982 data includes the length of tubing from US+15 and below.

(3) Data taken from 1982 and 1984 data bases as of 2/15/85.
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TMI STEAM GENERATOR A CONFIRMED PERCENT THROUGH WALL
DISTRIBUTION FOR CONFIRMED INDICATIONS 0-100% THROUGH WALL
PERCENT VS PERCENT THROUGH WALL

1982 VS 1984
1982 1984
% Thru-Wall % % Thru-Wall %
0-19 .281 0-19 0
20-29 1.434 20-29 39.055
30-39 1.309 30-39 21.163 . ®
40-49 6.827 40-49 17.802
50-59 13.625 50-59 7.629
60-69 9.757 60-69 5.904
70-79 7.512 70-79 2.186
80-89 8.635 80-89 1.907
90-100 50.561 90-100 3.724

Note: (1) 1984 data includes the length of tubing below the kinetically ex-
panded zone. (Approximately US+7 and below).

(2) 1982 data includes the length of tubing from US+15 and below.

(3) Data taken from 1982 and 1984 data bases as of 2/15/85.
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TMI STEAM GENERATOR B CONFIRMED PERCENT THROUGH WALL
DISTRIBUTION FOR CONFIRMED INDICATIONS 0-100% THROUGH WALL
PERCENT VS PERCENT THROUGH WALL
1982 VS 1984

1982 1984
% Thru-Kall % % Thru-Wall %
0-19 11.788 0-19 0
20-29 11.866 20-29 63.212
30-39 16.472 30-39 13.99
40-49 10.617 40-49 11.917
50-59 13.349 50-59 4.663
60-69 8.041 60-69 3.109
70-79 6.401 70-79 2.073
80-89 5.699 80-89 0
90-100 15.769 90-100 1.036

Note: (1) 1984 data includes the length of tubing below the kinetically ex-
panded zone. (Approximately US+7 and beiow).

(2) 1982 data includes the length of tubing from US+15 and below.

(3) Data taken from 1982 and 1984 data bases as of 2/15/85.
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CIRCUMFERENTIAL EXTENT FOR CONFIRMED INDICATIONS

GENERATOR 4

1982 1984
Coils Frequency % Coils Frequency %
0 270  (N/A) 0 321 (N/A)
| 655 66.973 1 M 89.959
2 301 30.777 2 122 3.878
3 18 1.840 3 2 0.162
4 l 0.102 4 0 0
5 ] 0.102 5 0 0
6 0 0 6 0 0
7 1 0.102 7 0 0
8 1 0.102 8 0 0
TOTAL 578 1235
GENERATOR B
1982 1984
Coils Frequency % Coils Frequency y !
0 361 (N/A) 0 321 (N/A)
| 147 50.000 ] 102 79.069
2 102 34 .694 2 26 20.155
3 26 8.843 3 | .775
4 7 2.381 4 0 0
5 4 1.360 5 0 0
6 0 0 7 0 0
7 0 0 8 0 0
8 3 2.721 9 0 0
TOTAL 294 129
Note: (1) 1984 data includes the length »f tubing below the kinetically ex-

panded zone.

(Approximately 1JS+7 and below).

(2) 1982 data includes the length of tubing from US+15 and below.

(3, Data taken from 1982 and 1984 data bases as of 2/15/85.
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