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The 20 percent calibration flaw will typically produce a signal
with an amplitude of 2.8 - 4.7 volts on the 400 and 130 Khz
differential channels respectively. Common values for the very
small indication being reported with the stringent analysis
guidelines are in the range of 0.10 - 0.20 volts on the 400 and 130
Khz channels.

A supplementary Motorized Rotating Pancake Coil (MRPC) examination
is also used on many of the indications detected by bobbin coil to
further characterize the degradation morphology. The MRPC probe
accomplishes this by concentrating the Eddy Current field by virtue
of its small coil. A consequence of the enhanced characterization
is a lower sensitivity to outside diameter (OD) wall degradation
than to inside diameter (ID) wall degradation. The calibration
voltage is adjusted to equal 10 volts on a 100 percent through wall
EDM notch approximately 0.006 inches wide. The EDM 20 percent OD
calibration notch measures 200 times smaller (at 0.05 volts) than
the 100 percent notch. The tube '"noise" or potential masking
signal can measure 3 times the response of the 20 percent OD signal
even in "clean" calibration standard tubing. In-generator actual
tube noise runs much larger than this. The ECT data is currently
being scanned at or beluw the level of the 20 percent OD notch.

Inatial Tube Rupture

In January, 19€9, a small leak developed in 8G 1B. The leak rate
increased from the lower limits of detection to "16 gpd. On March
7, 1989, Unit 1 experienced a SG tube rupture resultiny in an
approximate 540 gpm leak. The unit was removed from service with
no complications. Post rupture testirg identified the failed tube
as 18-25. The tube exhibited an axial crack, approximately 3.25
inches in length. The crack extended 0.25 inches above the first
tube support plate (TEP) on the CL through the TSP and terminated
2.25 inches below the TSP. Tube 18-25 had not been tested ~ince
the preservice inspection was performed in 1978.

Prior to the rupture of 18-25, an inservice ECT plan consisted of
full length bobbin coil examination of periphery tubes, tubes on
which calls had been made previously, and a sempling of tubes
chosen at random for a total of 20 percent of the tubes.

sections of tubes 18-25, 19-25, and 13-34 were removed from the SG
1B, Tube 19-25 was removed from SG 1B to gain access to tube 18-
25, Tube 13-34 was removed from SG 1B for ECT indications similar
to those observed in tube 18-25. Tubes 18-25 and 13-34 were
subjected to extensive metallurgical analysis. The metallurgical
report indicated that the rupturc resulted from an axial crack "3
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For indications with a §/N ratio greater than 5, the location, type
(if appropriate), and & TW shall be .ecorded."”

Further, they stated "The S8S/N 1 Jjuirements specified may be
superseded by the data analyst and the indication assigned a % TWD
on a "best effort basis" If steam genera.or history, flaw growth
history, expected flaw type or gecometry, multiple flaws, flaw
signal amplitude, or any other pertinent informatior warrants this
action."”

These statements allow flexibility to tie analyst to use his/her
judgement in making a call. To rectify this, suggested 8/N limits
have been deleted from the analyeis guidelines.

When the Support Engineer received the tube results list from the
data analysts, he requested additional examination of the
indication using the moturized rotating pancake coil (MRPC) test
technique. The MRPC data provides the shape of an indication. The
MRPC data was evaluated by primary, secondary and resolution
analysts and recorded as an outside diameter indication (ODI).
These results were sent to the Support Engineer for disposition.
The information received cn the indication did not receive the
appropriate evaluation by the Support Engineer and was therefore
not jdentified for plugging.

Since the problem was believed to be one of a misclassified
indication all indications were reviewed to ensure proper
classification. Those indications classified as MBM's were removed
from service in the A, B, and C 8G's. Those classified as MBM's in
the SG 1D were being inspected by MRPC to expand the data base.

New hobbin coil data acquired during the January, 1992 outage
revealed another indication with an amplitude of 0.46 volts and
indeterminate depth at the 15th TSP + 5.81 inches on tube 47-46.
This indication was inspected by MRPC and was identified as crack
like. This indication was not noted in the original September,
1991 data analysis. A subsequent expert review of the September,
1991 eddy currernt data revealed the presence of this indication.

Based on the unnoted indications, & complete review of all Unit 1
ECT bobbin data for all SG's collected during the September, 1991
outage was initiated using an enhanced indication identification
system and guidelines. The unnoted indication in tube 47-46 (0.46
volts) was used to develop the new guidelines. The guideline
enhancements included the following:

Emphasis on the detection of freespan indications

2. No minimum vcltage threshold
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P Report any and all indications of degradation regardless
of depth
4. Emphasis o ‘0lling the primary differential channel
S, Investigation of positive response: on the 100 kHz
absolute vertical strip chart
6. Differential responses within specified defect plane
7. Absolute responses within specified defect plane

In addition, analyst were trained and tested specifically on the
new guidelines and the detection of freespan cracks relative to the
best known information at the time.

INFORMATION FROM ECT

An average of 245 tubes per SG were examined with MRPC. Based on
the evaluation of this testing, an average of 44 tubes per S8G (176
total) were removed from service. These tubes were removed from
service because they exhibited indications classified as MBM as
noted above, or MRPC detected crack like indications, or that the
indications had grown when compared with previous bobbin coil data.
Expert review indicates that none of the tubes removed from service
were similar to the indication noted on tube 18-25 and 47-46.

A Human Performance Enhancement System (HPES) investigation into
this event has identified factors such as extended work hours and
fatigue of the data analysts that may have contributed to this
misclessification and missed defect. In response to this finding,
the following policy changes were effected:

. The work schedule of the ECT analysts has been reduced
from six days at 12 hours per day to six days at 10
hours.

- A point contact has been established to interface between
the SG team and ECT analysts to ensure a timely and
accurate transfer of information concerninc ECT
inspection need, progress of inspection and scheduling
concerns

Addit.ionally, a process study will be initiated to better define
the responsibilities of the Lead Data Analyst and Team members and
enhance the overall process for future outages.

The only outstanding issue at that time, was the growth rate of the
defects. Tube 47-46 had been ECT at the beginning of Cycle 7.
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Analysis of the growth rate on this and other defects showed growth
rates from .4 to 3 mils/month, with a most probable growth rate
of 1 - 1.5 mils/month. An issue to be addressed prior to restart
was providing assurance that the unit could be operated safely
until the next ECT inspection. The analysis of this problem
depends on the size of the postulated defect left in service (i.e.
the postulated data was assumed to be 50 percent through wall), the
growth rave of the defect, and the draft Regulatory Guide 1.121
criteria for normal pressure and accident conditions. A
preliminary analysis, using conservative assumptiors, indicated
that the unit could be operated safely for several mon*hs without
exceeding draft Regulatory Guide 1.121 criteria. The unit was
returned to service with a commitment to meet with the NRC in
approximately three months to share the results of the final
analysis. The results of the work performed on McGuire Unit 2
would also be available for discussjion at that meeting.

MCGUIRE UNIT 2 INFORMATION

Unit 2 was in a refueling outage prior to the tube leak outage on
Unit 1 in January, 1992. The data evaluation had begun prior to
the development of the enhanced guidelines. The analysis of the
data to original guidelines had identified freespan indications in
tubes 5-29, 18-5, and 18-10. As a result of the unnoted indication
on Unit 1 and the freespan indications found in Unit 2, all Unit 2
data was reevaluated to the enhanced analysis criteria developed
for Unit 1. An average of 362 tubes per SG were examined with
MRPC. Based on the evaluation of this testing, an average of 27
tubes per SG (106 total) were removed from service. Two additional
freespan crack like indications were noted.

Tubes 18-5, 18-10, and 5-29 had be.n inspected by MRPC and freespan
~rack like indications were confirmed. These three tubes with crack

like indications were removed for metallurgical examination. The
examination focused on the following areas:

- Verification or enhancement of the ECT detection limit.

- Obtaining burst pressures for the CL free span type
defects.

v Obtaining leak rates for the CL free span type defects.

- Further investigation of the phenomenon to idencify the
origin of the cracks.
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The examination of the tubes revealed the following information:

Tube 5-29 exhibited a single defect of 62 percent average
through wall and a length of 0.5 inches. The defect
burst at 4200 psi. This defect was located in a small
area of surface damage. Subsequent review questioned the
validity of the burst pressure results (see burst
pressure discussion uvelow). The defect had been
characterized by the inspection and analysis prorram.

Tube 18-10 also exhibited a single defect 73 percent
average through wall and a length of 0.5 inches. The
defect burst at 2000 psi (see burst pressure discussion
below). Again, the defect was located in a small area of
surface damage. This indication had been detected and
the tube identified fcr removal from service.

Tube 18-5 had an axial groove, 117 inches in length. The
indication was very similar to the indication on tube 18-
25 which was removed from Unit 1 in 1989. There were
numerous small cracks in this groove. Two major cracks
were also noted in the groove:

a, Crack 1 was located at TSP 21 +2.2 inches. This
crack was 1.1 inches in length, with 2n average
through wall depth of 54 percent and burst at 4800
psi (see burst pressure discussion below). The
defect had not been detected by the bobbin ECT
field evaluation.

b. Crack 2 was located at TSP 15 ~1.1 and was 1.4
inches long, with an average through wall depth of
72 percent. Crack 2 burst at 550 psi; however the
burst pressure results were subsequently
invalidated (see burst pressure discussion below).
This crack was noted in the original data analysis.

The information with the most significant impact on the operation

of the units was the lower than expected burst pressures and the
| presence of an undetected defect on tube 1£-5, These are discussed

separately.

Burst Pressure

A total of five defects were burst tested. The burst pressures
were compared to calculated pressure for this defect geometry and
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Corrective steps 1 through 6 were completed prior to the end of the

) 5 &
Unit 2 EOC7 utage. Corrective ste 7 throvgh 12 were completed
after the Unit startup.
1. Control Room personne mmenced an orderly
f Unit 1 on January 16, 1992

F e leaking tube was identifiea by Mzin € pers.nnel as
being in §/G 1D and was removed from service.
3 Al f the bobbir il eddy current data from Unit 1 End ol
)
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gervize. I'hose tubes were removed from service because they
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that a .-.wq!‘r'xl influenced DYy I L 5 ¢ will recelve furthe:
evaluation or tests
The eddy current guidelines were revised t larify the use
of "MBM" and other discontinuity codes
Administrative controls were deveioped t address the manner
in which nformation on tubes 18 nve d to Engineering for
tube disposition

10 Administrative controls were leve.ioped to address
Engineering's role and authoris n the tube dispositior
. process.
11 A HPuman Performance ement Lystem evaluation has been
s performed to addrecs the human factors affecting this event
The following changes h~ve already been incorperated:
‘ A point contact heas been established t interface between
the SG team and ECT analysts to ensure a timely and
- accurate transfer of information concerning ECT
-4 inspection need, progress of inspection and scheduling
¢ :
o concerns.
A The work schedule of the ECT analysts and team members
g5 has been reduced from six 12 hour days to six 10 hour
_ days.
&,
o -
12 Eddy urrent analysis management personnel have onducted a
review of eddy current procedures and made enhancements as
Q‘ necessary
rrective steps taken in response to the undetected defe n tube
R~5 3 N
The riteria were again modified t incorporate lesLons
learned and improve the istency of the analys.s process
v -

p. Addit.ional training NaS cenducted t emph.s12€ the
metallurgical results and the eddy curreat responses from the
pulled tubes

;
3 Technical Specificatior 4.6.: , prima:x tc
eakage for both units for the remainder f le
# aaministratively fimited t . 1pd/S ’ wit! M € 3 ‘:“l.'i
raached withir 2 hours

2
d




Document Control Desk
Page 15
June 1, 1992

Corrective steps to be taken to avoid further violations

We consider the previcusly describea correctiv? actions adequate to
prevent future violations cf this nature. However, to further
evaluate and seek ways to optimize our process, we will perform the
following:

A process study will be performed to enhance the overall
process for future outages.

Cate when full compliance will be achieved

McGuire is currently in full compliance with our Technical
Specifications. All corrective actions are complete oxcept
for the process study and it will be completed by September 1,
1992.



