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Finite element analyses (FEA) of the transformer tank wall was performed to
investigate the structural impact of instantaneous pressure pulses on the 21 Main
Transformer. The computer software program ANSYS v.11 [17] was used for the
analyses. Several cases of internal pressure pulse loads of 700 psi and 800 psi were
evaluated to obtain the dynamic response of the transformer wall. The analysis is
conservative because the pressure is assumed to reach a peak value irrespective of the
large deformation experienced by the wall. The maximum deflection was calculated to
be 15 to 16 inches (38 to 41 cm), and the maximum estimated pressure was determined
to be between 700 psi and 800 psi for this deflection.

As shown in Fig. B.1, the model uses element Solid45 to generate an explicit and
representative 3D model of the transformer wall, reinforcement plates, and welds. All
welds were explicitly modelled as 0.25 in. fillet welds, as Fig. B.2 shows. In Fig. B.2, the
upper stiffener and lower stiffener are welded, but the gap in between the welds open
up like a “fish-mouth” under dynamic loading. For this reason, it was determined there
was no need to add contact elements in this gap region.

A single material definition was used for the wall, reinforcement plates, and welds.
Plastic material behavior was incorporated into the analyses by using bilinear kinematic
hardening plastic properties. These were defined by yield stress and tangent modulus
parameters.

The boundary conditions included constraint of the X-direction displacement (UX)
nodes on both sides of the wall to represent continuity. As Fig. B.1 shows, all degrees
of freedom (DOF) of nodes which were 2 in. from the top-side and bottom-side regions
of the wall were fixed. This constraint was included because the top and bottom
horizontal plates of the transformer wall were of sufficient thickness to supply a restraint
on movement in those regions.

Fig. B.3 shows the applied loading condition. A dynamic internal pressure load was
selected to be applied to the inner side of the wall. Deadweight loads were applied in
the first load step before application of the transient loads. The pressure pulse included
a ramp-up loading time of 0.001 seconds followed by a 0.025 second hold time. The
decay time of the pressure pulse was selected to be 0.027 seconds, and was also
simulated as a ramp-down rather than step-down function.
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Damping of the structure was introduced via a stiffness matrix multiplier, and was
selected at a ratio proportional to the stiffness. The stiffness matrix multiplier, B, was
set equal to 8.52 x 10 . This value was based on a damping ratio of 1% at a frequency
of 37Hz, which was the first natural mode of the linear structure.

Various pressure pulse simulations at peak dynamic pressure values of 700 psi and
800 psi were analyzed. As Fig. B.4 shows, the maximum out-of-plane deflection at a
peak pressure of 700 psi was found to be around 15 inches (38 cm). The residual out-
of-plane deflection after the pressure pulse is around 6 in., which was approximately the
deflection observed in the 21MT while on-site for the external visual inspection. For the
simulation run at a peak dynamic pressure of 800 psi, the maximum out-of-plane
deflection was found to be slightly greater than 16 inches (41 cm). These values are
within the range of dynamic pressures calculated in Appendix A.
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Fig. B.1: Sketch of the representative transformer model.
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Fig. B.2: Close-up sketch of gap and weld region along transformer wall.
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Fig. B.3: Graph of the loading conditions selected for the analyses.
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March 16, 2011

Leonard Martin

Commodity Leader
Materials, Purchasing & Contracts
Entergy '

~ Subject: Indian Point Trench Bushings Transformers Issues

Dear Leonard,

Please see attached our reports developed to date for the above mentioned transformers. The
reports include the ST 02/11 Photographic Report and the ST 19/10 General Aspects After Event
Report, including all attachments. We will issue the final Root Cause Analysis Report upon
completion of the investigation. We would be pleased to discuss these reports with you or your
team. : '

Andrew Lawless
Vice President, Transformers Business Unit

Cc: Entergy Corporation

- Dave Bauer, Arthur Bortz, John Curry, James Findley, Tom Orlando, John Schaefer, Kristi Quirk,
T. M. Cook

Siemens Energy, Inc.
John Sprance, Kenneth Reuter, Vickie Adams, James Mclver, Michael Wenger, Carl Lockhart

Siemens Energy, Inc.
P.O. Box 29503, Raleigh, NC 27626-0503
7000 Siemens Road, Wendell, NC 27591  Tel: (819) 365-2200



TRENCH

‘March 15, 2011
Siemens Energy, Inc. . :
ETTRAM

Mr. Kazi.

Entergy/IPEC Nuclear Station, Buchanan, NY

DearMr. Kazi,

The photographic report ST02/11 summarizes Trench’s and Siemens’ investigation on
the failed bushing serial number 05F9080-04 originally installed in:phase B .of TR#21 at
Indian ‘Point Nuclear station.

It was concluded that further investigation is required in order-to determine the Toot
cause of the bushing fallure

‘However the investigation also reveals:

1. “This kind of failure ‘has never been reported on a Trench bushing
2. Itisnot systemic and does not reveal any design flaws

Trench has an installed base of over 120,000 bushings; we re-emphasize that no
advisory has ever been issued on ourbushings.

Recommendations on TR#21

Although we believe that-treeing activity will be limited on the bushing in service since
-'November.2010, we recommend that Entergy continuously monitor the MPT .21

bushings until-their removal.

Recommendations on TR#22

As the root cause analysis of the bushing failure is at a very early stage we recommend
1o take the bushings on TR#22 out of service to do further investigations in our facility.
These bushings can be replaced with spare bushings which are available onsite.

Various onsite tests on the TR#22 bushings in Novémber 2010 showed no evidence of
degradation; we therefore confirm that the bushings are safe to operate until the next
scheduled outage on May 09, 2011.

Sincerely,

Uli Bauch
General Manager
Trench Canada Bushings /

;
¥
M

“Trench Limited 11-03-15 7Letter Kazi V2.0

Bushings Division

432 Monarch Ave.

Ajax, Ontario

Canada, L1S 2G7, Tel: (905) 426 2665




SIEMENS

PHOTOGRAPHICAL REPORT
Inspection of TRENCH Bushings — Jan 18/2011
ENTERGY —Indian Point — 629 MVA — 3 GSU Transformer

ST 02/11
Page 1/26

1. Bushing Data

Type: COTA - Transformer OIP (Oil Impregnated Paper Bushing)
Type of installation Oil-Air Bushing

Style 1175-F020-23-AG3-02

Insulation Class 345 kV

BIL 1175 kV

SIL Wet 825 kV

Foled Hesmun VOIa0e 250

1 Min Dry Voltage 520 kV

Rated cont. Current 2000 A

Serial Numbers
Transformer
#4.019.269 (Unit #21)

0O5F9080 — 01 Terminal H1
05F9080 — 04 Terminal H2
0O5F9080 — 03 Terminal H3

2005

Year of Manufacturing

2. Scope

This Photographical Report contains the significant photographs taken during the inspection of the
bushings of terminal H2 and H3 of the transformer Unit #21, which bushing H2 exploded on
November 07, 2010, causing the outage of the power plant.
The inspection was performed on January 18, 2011, at the Bushing factory of TRENCH in
Toronto/Ajax — Canada.

For a better understanding of the pictures shown in the section 4, in the sketch below the
schematic structure of the investigated condenser bushing is shown. This sketch is also
reproduced in the section 5. Note that in TRENCH bushings, capacitive layers of the condenser
body use split-foils for the upper and lower portions of the bushing.

Condenser grading

configuration on the

upper (air) side with the
lower field stress;

Fushing
Paterdial  Ta Jange

Grounded layer

=8

Central conductor,
100% rated potential.

o
|
|
|
|

I S
I

—

far OT aeeamadeniop

+a Grounded aumini
=21 1

Papar_laysrs

“Big_hals”

Condenser grading
configuration on the lower
(oil) side, with the higher
field stress;

N

e
P,

—_—

__| on the inner foil edges

Ragian darnaged
by the flashover
~ High electrica Fisld
J Sfress [egioh

N

No electrical Field stress

Sketch 1. View of the longitudinal half section of the condenser core, showing the main elements and detail of the

ENTERGY-TRENCH Bushing Inspection - Photo Report_ST02 11_FINAL.doc

regions with capacitive grading.

Issued by: SIEMENS / TRENCH

pate: March 11, 2011



PHOTOGRAPHICAL REPORT ST 02/11

SIEMENS Inspection of TRENCH Bushings — Jan 18/2011 oage 2/26
ENTERGY —Indian Point — 629 MVA — 3¢ GSU Transformer

Radial electrical stresses from the centre conductor to the outer grounded capacitive layers are
kept uniform and linear throughout the active part by using capacitive voltage grading.

Since the dielectric strength of the air is low, the upper side grading of the bushing must be
designed over a longer distance resulting in a low axial electric field stress compared to the oil-
immersed lower end of the bushing where the axial electric fields are compressed over a smaller
distance resulting in higher stresses.

3. Summarized Inspection Description

On January 18, 2011, the bushing inspection and tear down took place at the Trench factory in
Toronto/Ajax — Canada.

After an introductory explanation about the TRENCH bushing facility and capabilities, a brief
presentation was given by TRENCH regarding the failure of 3 of Trench France 230-kV bushings
occurred in 2006. These bushings were of a different design than the IPEC bushings under
consideration, and their failure was attributed to insulation breakdown due to copper migration
caused by a corrosive reaction initiated by polar compounds in the Shell Diala D mineral oil used in
those bushings.

3.1 Inspection of Bushing of Terminal H2 (S. No. 05F9080 — 04)

The first bushing inspected was the one installed on the terminal H2 of the transformer Unit #21.
The location of the failure was determined to have occurred on the oil immersed (lower-end) side
of the bushing, causing an explosion and subsequent transformer tank rupture and fire (see
Technical Report ST 19/10).

For the inspection, first the condenser core was extracted from the outer shell (see Picture 3).
Then the condenser core was placed on rollers installed over a wooden box, which was intended
to accommodate the unwound paper layers.

Upon unwinding of the outer paper layers, where the voltage tap foil and the ground foil are located
(which are grounded during normal operation of the transformer), small brown traces were
observed at the edge of the aluminum foils.

These treeing traces extended around 1 mm axially along the paper insulation and had a starting
point at the upper edge of the aluminum foils installed at the upper portion of the condenser core.
Since the lower part of the H2 bushing was mostly destroyed during the failure, the major part of
the aluminum foils could be inspected only on the upper part (above the bushing flange region).

These brown traces were similar to the ones shown during the TRENCH presentation on the
opening meeting.

It was also observed that the traces became gradually lighter as the examination progressed from
the outer layers to the innermost ones.

The innermost 18 foil layers at the lower part of the bushing were not damaged during the failure

(see picture 32), allowing the inspection of the bottom portion of the condenser core. Similar
treeing traces were found at these locations.

ENTERGY-TRENCH Bushing Inspection - Photo Report_ST02 11_FINAL.doc Issued by: SIEMENS / TRENCH pate: March 11, 2011
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It was noticed that the traces on the edges of the aluminum foils were observed only at the outer
foil edges. This means:

v" On the bottom edge of the foils of the bottom portion of the active part;
v" And on the upper edge of the foils of the upper portion of the active part;

The location of the traces suggests that their formation is related to the presence of electrical
fields. The inner edges of the aluminum foils are exposed to a negligible electrical field stress and
no traces were observed in these regions (refer also to Sketch 1).

The most likely failure path was identified as starting on or around the outer edge of the first layer
following the layer of the potential tap, passing through the “big hole” and reaching the 100%
potential at the central conductor near the bottom terminal. The failure path also expanded to the
bushing flange at the zero potential side (refer to the sketch 6 — section 5).

3.2 Inspection of Bushing of Terminal H3 (S. No. 05F9080 — 03)

Following the teardown sequence, the bushing of terminal H3 of the transformer Unit #21 was
inspected next.

The epoxy cast insulator of the lower part of this bushing had shattered in pieces but there was no
damage to the condenser core. As all the layers of the condenser core were intact, both upper and
lower foil edges could be fully inspected.

Similar to the H2 terminal bushing, treeing traces were found on the first layer below the grounded
layer of the voltage tap and on most the remaining foils.

The traces at the lower edge of the bottom foils were more pronounced than those found at the
upper part of the H2 bushing. It was also observed at the layers of the bottom part of this bushing
that the intensity of the traces decreased from the outer layers to the innermost ones.

On the upper edge of the foils of the upper portion of the condenser core also showed traces,
these with similar intensity as those detected on the H2 bushing.

3.3 Inspection of Bushing of Terminal H1 (S. No. 05F9080 — 01)

Based on the similar findings on the first two inspected bushings, it was decided not to unwind the
third bushing, originally installed at the terminal H1. However, according to information provided by
TRENCH, this bushing was also unwound at a later date and showed similar evidence of traces as
the ones that were detected on the other two bushings already inspected.

I
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4. Selection of the significant Photos of the Inspection

~ Bushing H2
S.No. O5F9080-04

Picture 1: General view of the bushings as received from the Indian Point site;

4.1 Inspection Photos of Bushing Terminal H2 (S. No. 05F9080 — 04)

. | Remaining layers of
Grounded sleeve | the condenser core
below bushing Flange A

F \J
7 /

Y

'lﬁ ot
fi Pl it \low —~ L

Remaining part of the
condenser core destroyed

Bottom plate of
copper with
flashover marks.

by the flashover

Bushing H3
S.No. O5F9080-03

Picture 2:  General view of the H2 bushing showing the bottom part destroyed by the flashover;
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Upper part of the H2 Bushing
condenser core without damage or
flashover marks.

Remaining layers of the Flange and grounded Upper part of the
lower part. sleeve region condenser core without
damaae or flashover

Picture 4:  Bushing H2: Major parts of the condenser core after extraction.

Remaining layers of
the bottom part of
the condenser core.

Central copper tube
with flashover marks on
the bottom end.

Roller device for easy
unwinding operation.

Picture 5: Bushing H2 installed on the device for Picture 6: Bushing H2: central conductor tube, after
unwinding the condenser core. complete unwinding of the layers of the condenser core
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& “Big Hole” in the '
condenser core. .
Remaining layers of

- bottom part of the
condenser core

Picture 7:

Distance from the end of
the central copper tube to
the “Big Hole”.

H2 bushing: identification of the major flashover path at the destroyed layers;

Contact spot of the
grounding tap.

Picture 8:

H2 bushing: distance from the end of the central conductor to the voltage tap.
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Picture 9:
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Burst paper layer
surrounding the

the voltage tap;

damaged contact spot of

Not damaged Aluminum
layer between voltage
tap and ground tap;

Burnt paper |

H2 bushing: Aluminum layer between the ground tap and the voltage tap.

ayer over

1 the damaged contact
spot of the voltage tap;

Burnt contact spot of the
Potential tap;

Picture 10: H2 bushing: Further Aluminum layer after Test tap and the burnt voltage tap.
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Not damaged Aluminum
layer of the voltage tap;

Reinforced contact layer
of the voltage tap;

o

Picture 12: H2 bushing: Detail of the 2™ layer beneath Picture 13: Red arrow: "Treeing” traces on the upper
(inwards) the voltage tap layer with "treeing” traces on edge of the aluminum foil;

the edge.

Green circle: enlarged area on the picture aside.
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Picture 14: H2 bushing: Further detail of the 2" layer
beneath (inwards) the voltage tap layer with "treeing”
traces on the edge.

Green circle: enlarged area on the picture aside.

Picture 15: Red arrow: "Treeing” traces on the upper
edge of the aluminum foil;

icture 16: H2 bushing: Further detail of the 3 layer
after (inwards) the voltage tap layer with "treeing” traces

on the edge.
Green circle: enlarged area on the picture aside.

Picture 17: Red arrow: "Treeing” traces on the upper
edge of the aluminum foil;
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Picture 18: H2 bushing: "Treeing” traces on the paper Picture 19: Red arrow: "Treeing” traces on the paper
layer underneath the aluminum foil. This is the 4" layer underneath the upper edge of the aluminum foil;
beneath (inwards) the voltage tap layer.

Green circle: enlarged area on the picture aside.

&y e 4%,

Picture 20: H2 bushing: "Treeing” traces on the edge of | Picture 21: Red arrow: "Treeing” traces on the upper
one further aluminum foil layer of the middle portion of edge of the aluminum foil; the intensity of the traces

the condenser core; became lighter on the layers closer to the central

Green circle: enlarged area on the picture aside. conductor.
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one further aluminum foil, one layer beneath the middle
portion of the condenser core;
Green circle: enlarged area on the picture aside.

Picture 22: H2 bushing: "Treeing” traces on the edge of

Picture 23:  Red arrow: "Treeing” traces on the upper
edge of the aluminum foil; the intensity of the traces
became gradually lighter on the layers closer to the
central conductor.

arrows) on the edge of one aluminum foil layer situated
near to the central conductor of the condenser core;

Picture 24: H2 bushing: Very light ”treing” traces (red

.l-.-

Picture 25:  Green circle: Upper (internal) edge of a
bottom aluminum layer; the region of edge of the
aluminum foil is completely free from "treeing” traces.
Similar situation was confirmed on the lower (internal)
edge of the upper foil All internal edges showed similar
characteristic, being free of "treeing” traces.
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Picture 26:

Detail view of the “big hole” extending down until the 19" layer (red arrow) (reckoning from the
inner conductor outwards); Green circle: Discharge path, beginning on the hole.

Picture 27: H2 bushing:

Picture 28:  H2 bushing:
Red arrow: Bottom of the “big hole” Green circle: discharge path;
Green arrow: 21™ layer (2 layers above the 19‘“) Red arrow: Bottom of the “big hole”
Green arrow: 20" layer (1 layer above the 19™)
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Picture 29: H2 bushing:
Green circle: discharge path;
Red arrow: Bottom of the “big hole”

Green arrow: remaining part of the 19" layer touched by
the discharge.

Picture 30: H2 bushing:

Orange circle: traces on the bottom edge of the 18"
layer;

Green arrow: 18" layer (1 layer beneath the 19™)

Picture 31: H2 bushing:
Green arrow: 18" layer;
Red arrow: Bottom of the “big hole”

Green circle: discharge path also visible by mechanical
& burnt marks on the 18" layer.

Picture 32: H2 bushing:

Measuring the diameter of the 18" layer;
Red arrow: Bottom of the “big hole”
Green arrow: 18" layer;
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Picture 33: H2 bushing:
Green arrow: 18" layer;
Orange circle: upper edge of the 18" layer’s bottom part
completely free from "treeing” traces.

Picture 34:  H2 bushing:
Orange circle: lower part of the 17" layer with slight
"treeing” traces on the bottom edge

Green arrow: 17" layer;

Picture 35: H2 bushing:
Green arrow: 2™ layer above the inner conductor;
Orange circle: enlarged region shown on picture 36,
with slight "treeing” traces made visible.

Picture 36:
Green arrow: 2™ layer;

Orange circle: lower part of the 2™ layer with slight
“treeing” traces on the bottom edge.

H2 bushing:
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Picture 37: H2 bushing: Picture 38: H2 bushing

Green arrow: 1% layer wound on the central copper Green arrow: 1% layer;
conductor after the required paper thickness is applied; Orange circle: lower part of the 1 layer with slight
Orange circle: enlarged region shown on picture 38, “treeing” traces on the bottom edge.

with slight "treeing” traces made visible.
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3.4 Inspection of Bushing of Terminal H3 (S. No. 05F9080 — 03)

condenser core destroyed
by the flashover

Bottom plate of
copper with
flashover marks.

Picture 39: General view of the H3 bushing showing the bottom part; all layers of the condenser
core are complete, only few external paper turns are slightly burnt when the epoxy
envelope of the oil side was broken and thrown away due to the mechanical impact
caused by the flashover at the bushing H2 on the central phase.

Wi

.
. }Lawmulnﬂ'“"’

F o

Picture 40: H3 bushing: Picture 41: H3 bushing:
Green arrow: Central copper conductor; Green arrow: Central copper conductor of bushing H3,
Red arrow: Discharge mark on the central conductor, upper part.

occurred after explosion of H2 bushing;
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Outer paper layers damage
during extracting the core
from the bushing flange.

Contact spot of the

Test Tap
_2Z #Y|

Picture 42: Bushing H3: detail view of the flange region, showing the contact spots of the Test
& Potential taps without damage.
After taken away the grounded layers corresponding to the voltage and ground taps, the first layer

below the voltage tap layer showed intense traces at its lower edge, as shown in the pictures
below:

Plcture 43: H3 bushlng Picture 44:  H3 bushing: enlarged detail of the 1°
Iayer beneath the voltage tap layer; layer;

Red circle: region enlarged (Green arrow) on photo Red circle: detail of "treeing” traces clearly shown at the

#44, with clear "treeing” traces at the bottom edge of the lower edge of the layer.

1% layer beneath the voltage tap.
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Picture 45: H3 bushing: further detail of the 1% layer
beneath the voltage tap layer;;

Red circle: region enlarged on the photo #46 (Green
arrow) with clear "treeing” traces at the bottom edge of
the 1% layer beneath the voltage tap.

Picture 46: H3 bushing: detail view of the layer
beneath the voltage tap:

Red circle: detail of "treeing” traces clearly shown at the
lower edge of the layer.

i

E T— e L a.
Picture 47: H3 bushing: detail of the 1% layer beneath
the voltage tap layer, upper edge of the upper foil:
Red circle: region enlarged on photo #48 (Green arrow)
These "treeing” traces are lighter than those at the
bottom edge of the bottom layer beneath the voltage tap.

Picture 48:  H3 bushing: detail view of the upper edge
of the upper foil of the layer beneath the voltage tap:
Red circle: detail clearly shows "treeing” traces at the
upper edge of the upper foil. These are lighter than
discharge traces on bottom edge of bottom foil.
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halfway between the voltage tap layer and the central
conductor, bottom edge of the lower foil:

Red circle: region enlarged on photo #50 (Green arrow)
lighter "treeing” traces observed than traces observed on
the layer just beneath the voltage tap.

Picture 50:  H3 bushing: detail view of the bottom

edge of the lower foil of the intermediate layer

Red circle: detail of the clear but slighter "treeing”
traces, where it is visible that the traces are more intense
at the corners created by small folding of the aluminum

foils (red arrows).

Picture 51: H3 bushing: detail of the innermost layer
(1*' layer over the central conductor), bottom edge of the
lower foil:

Red circle: region enlarged on photo # 52 (Green
arrow) with clearly visible "treeing” traces.

Picture 52:
edge of the lower foil of the innermost layer:

Red circle: detail of the clear but slighter traces, where it
is visible that the "treeing” traces are more intense at the
corners created by small folding of the aluminum foils
(red arrows).

H3 bushing: detail view of the bottom
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§

Upper edge bottom foil of
the innermost layer: no
traces even at the small
corners of the foil folding.

Innermost
aluminum foil.

Picture 53: Bushing H3: detail view of the innermost aluminum foil ('ISt layer over the central

5. Most Probable

conductor),.
No "treeing” traces are visible at the internal (upper edge) of the lower foil.

Failure Path

A drawing with the schematic sketch of the structure of the condenser core of the investigated
bushing is shown on the picture indicated on the Attachment 1.

Condenser grading
configuration on the
upper (air) side with the
lower field stress;

Fusking

flangs
Grounded auminium slesve
far OT aeeamadeniop

Potertiol  Tast

Grounded layer

Central conductor,
100% rated potential.

Condenser grading
configuration on the lower

/ﬁm (oil) side, with the higher
/’\ rrr || = — field stress;
{ | | : '\.\ Ragiar darnagad
by the flashover

High electrica Fisld

— T N S i
—— —— "\__\ Iegian
_ = =—
- .~ H".
—= 15" 1ayer —— N
No electrical Field stress e |

Sketch 2. View of the longitudinal half section of the condenser core, showing the main elements and detail of the

on the inner foil edges

regions with capacitive grading.
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In the following items, the most probable failure path is explained:

5.1

The “treeing” on the lower edge of the layers on the bottom part (oil side of the bushing) of the
condenser core is more intense than on the upper part (air side of the bushing).

Remark: The “treeing” activity within the insulation will not sustain initial partial discharges at a

Poteptial  Test
tap tap

level sufficient to generate overall bushing failure.

Bushing
flange

Grounded alurminium  sleave
for CT accamadation

/ Paper ldayers - i

e First partial breakdown
by " between neighboring

I i Ir 7 -..:l-:"\ / Big hole layers

Region domaged

.. by the flashover

H“‘\, High electrical field
Stress region

Discharge path
—_—

= ‘\\ I
S S : [
18™ layer - x_\\ | /
s s . s ST . /.

il
Sketch 3. The highest electrical field stress at the edge of each layer is radially inward (e.g. in direction of the next

5.2

53

54

5.5

5.6

inner layer) Therefore, the partial breakdown between two layers tends to grow inwards.

As the “treeing” continues to extend along the paper fibers, the insulation system is
weakened resulting in a distorted electrical grading at the edge of the aluminum foils.

Sporadic system overvoltages imposed on the weakened insulation result on partial
discharges (PD’s) of substantial energy to create the first puncture between layers,
establishing a carbonized (e.g. semi-conductive) path between layers.

Consequently at this point the PD’s melt the aluminum foil underneath and begin to damage
the paper layers underneath. As soon the overvoltage stops, the partial discharge also
extinguishes.

When further overvoltages will occur, the gassing in the oil and byproducts from the paper
degradation produces the weakening of the insulation of the remaining paper layers
underneath.

When the remaining paper layers cannot withstand the electrical field stress to the next
aluminum layer, a further puncture will occur, enlarging the semi-conductive path in direction
of the central conductor.

ENTERGY-TRENCH Bushing Inspection - Photo Report_ST02 11_FINAL.doc Issued by: SIEMENS / TRENCH pate: March 11, 2011



PHOTOGRAPHICAL REPORT ST 02/11

SIEMENS Inspection of TRENCH Bushings — Jan 18/2011 JPase
ENTERGY —Indian Point — 629 MVA — 3¢ GSU Transformer

5.7 Consequently, each following normal overvoltage will cause the repetition of the
phenomenon between the second and third layer, then between the third and forth layer and
so layer-to-layer breakdown continues inwards.

Note: The stress between layers increases in the same proportion when the carbonized path
progresses and successive layers are short circuited.

5.8 After a certain number of layers are short circuited by the mentioned carbonized path, PD’s
initiated by an overvoltage will no longer extinguish. This is because the voltage stress
between layers is raised to the point where normal operating voltage maintains the PD
activity.

Bushing
flange

Poteptial  Test
tap tap

Grounded alurminium  sleave
for CT accamadation

/ Paper layers
/ —

by the flashaver

% ‘ I Ir 7 "‘]‘:"\ / "Big hole”
. T Region domaged
J— \ x-\"‘-\..\
—
= : L

These layers are =~
short-circuited by the 7
partial discharges

H“‘\, High electrical field
Stress region

Discharge path
—_—

Electrical Field Stress ; = .~ |
at the remaining layers . = — || 7
increase proportionally /
19™ |ayer o
\ b - /
Voo r L LS I - s

Sketch 4. Once established, the partial discharges do not extinguish and continuously grow inwards.

5.9 Now, having the PD activity no more extinguished, the progression of the phenomenon of
short circuiting further layers goes faster and faster, also bringing the ground potential closer
to the 100% potential of the central conductor.

5.10 The progression of the partial discharge activity continues inwards and stops when the inner
edge of the aluminum layers is touched. At this point a critical condition is reached at the
outer (bottom) edge of the foil at the lower part of the bushing, where the field stress gets so
high that a pre-breakdown in the oil is generated.

5.11 This pre-breakdown activity rapidly escalates to a discharge toward the central conductor,
which is at the 100% potential.
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Bushing
flange

Poteptial  Test

tap fap Grounded alurminiom  sleave
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T 7 "]':"‘«. — / "Big_hole” A full flashover is
\ A Region damaged initialized at the outer
| = "~ by the flashaver (lower) side of the foil
o 1 =,
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This complete portion
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y

potential i - electrical field Discharge path
1
i | ___
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reaching the inner edge g
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Sketch 5. When the partial discharges reach the inner edge of one foil, there is no further radial breakdown between
layers which can be established. But the electrical field stress at the lower edge on the outer side of this foil
is now extremely high, initializing a full flashover to the central conductor.

5.12 Finally, the discharge expands until it reaches the grounded flange. This establishes a high
energy flashover between the central conductor and the bushing flange. The pathway travels
axially through the 19th layer, rupturing the external paper layers and causing the explosion
of the oil side of the bushing. This final high energy discharge results in external electrical

failure.
Bushing The flashover also
Potential Test flange propagates in direction
tap tap Grounded aluminium sles of the bushing flange
for CT accomadation
/ Paper layers The full flashover
f.- /f completely destroys
;q!\ "Big hole” this portion of the
- I Ir < e - = / bushing

Region damaged
by the flashover

~_1
L
.

High energy flashover
between ground and
100% potential

High electrical field
Stress regien

Discharge path
=

Central conductor

Bottom plate /

Sketch 6. The flashover reaches the central conductor and establishes the high energy discharge between 100%
potential and ground. An explosive thermal oil expansion occurs, making the lower part (oil side) of the bushing to
rupture.

'\.\
YL s LS
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6. Observations

During the tear down of the failed bushing of the middle phase of the Unit #22 transformer,
“treeing” traces were detected on the upper edges of the foils above the flange region of the
condenser core. Only the innermost layers of the lower part (oil side) could be inspected, as from
the 19" layer outwards the condenser core was mostly destroyed by the high energy flashover.

The second bushing which was inspected, belonging to the “C” phase showed the same type of
“treeing” traces at the upper part (air side) of the bushing. In addition, the lower portion of the
condenser core showed the same treeing marks. It was noted that these were clearly more intense
than those within the upper portion of “C” phase.

This is explainable as, by construction, the electrical field stress at the lower part of the condenser
core (oil side of the bushing) is significantly higher than the field stress at the upper part of the
condenser core (air side of the bushing).

In contrast, at the edge of the inner side of the foils (refer to Sketch 2) no “treeing” marks were
detected at all. This is consistent with the fact that there is no significant electrical stress occurring
at the internal edges of the foils.

These observations suggest that the formation of the “treeing” traces is related to the presence of
an electric field.

The proposed path for the failure as indicated in section 5 is consistent with the findings at the
failed bushing. That is, the presented failure path matches with the findings observed in the field
(refer to Technical Report ST 19/01dd. January 17, 2011) as well as those verified during the
bushing tear-down, as reported herewith.

These facts suggest that most probably some abnormal condition related to the insulating system
of the condenser core, involving the oil as well as the paper layers was a contributing factor to the
bushing failure.

The investigation about the causes of the mentioned abnormality in the bushing insulating system
is still ongoing and will be reported separately. This may give some insight about the ultimate root
cause of this phenomenon.

As the root cause analysis is only at an early stage, it is not yet known what factor(s) have created
the abnormality in the bushing that led to its electrical failure. Complete investigation may require
specialized research such as additional (non-standardized) oil testing, search for contaminants in
other bushings removed from service, etc.

Since this is first and only failure reported for this type of TRENCH bushings, it is not yet clear what
tasks will be required to fully explain failure cause.

Overall failure investigation will take several months and will certainly require more data from in-
service bushings than what is available from the spare bushing installed in the MT 32 as well as
those bushings installed on bus MT 22.
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7. Various Failure Hypotheses

Several possible causes of failure have been considered during this investigation. This section
describes the various possibilities (and any resolution that has occurred as of the issuance date of
this report — 11March 2011.)

A) External system event

As a result of a ruptured MPT 21 transformer tank, there was an oil fire and damage to the
overhead buswork. An external system event was considered as a possible failure cause. This
was due to arcing along broken buswork, reports of possible flashes in the adjacent switchyard and
evidence of a post insulator flashover next to the failed transformer phase “B”.

As a result of this investigation, the flashover along the porcelain of the insulating post of the phase
“B” 345 kV bus appears to be only a consequence of the fire ball which involved the post. In
addition, the possibility was considered that bushing explosion could be initialized solely due to a
transmission overvoltage event (i.e. external to the transformer.)

Unfortunately, transient records of system events prior to and during the transformer’s failure are
incomplete and a definitive conclusion could not be reached (for example, it was not possible to
consider lightning activity and possible transient overvoltages which occurred some days or weeks
prior to the transformer failure.) However, the presence of insulation treeing within the MPT 21
bushings probably excludes the possibility of this initial hypothesis.

B) Transformer design and manufacturing

The possibility of a design or manufacturing defect was also considered as a possible failure
scenario. This hypothesis was discussed extensively in the initial failure report #ST_19Jan2011
and excluded therein. Briefly summarized, this hypothesis was disproved by DGA data and during
inspection of the failed transformer’s core and coils. The two factors were:

1) IPEC monitoring data clearly indicated that active part of the transformer (Core & Coils,
together with its insulating system) was completely healthy until 2 %2 hours before flashover at the
H2 bushing. This statement is based on DGA results of the on-line gas monitoring device installed
on the tank, which periodically analyzed MPT21 transformer oil (every 4 hours).

2) Visual inspection revealed a lack of Core & Coil damage. All physical displacement and fire
damage of leads, bushing supports and other ancillary parts within the tank was attributed to the oil
surge during tank rupture and consequent fire damage. The physical evidence indicates that
transformer #21 itself was not the initiating cause of failure.

C) Abnormality in insulation within bushing’s condenser core

Since the treeing traces were not present at the time of winding or processing of the bushing’s
active part, it is reasonable to believe that such traces developed during the number of years that
the bushing was in service.

Preliminary laboratory analysis of the paper samples indicates the presence of copper in such
traces and did not find indication of charring or partial discharge activity in the area. The copper
most likely comes from the centre conductor as there are no other sources of this material inside
the bushing.

Considering the above findings, the hypothesis is presented that a reaction may have occurred
inside the bushing. Because root cause analysis of the bushing is only at an early stage, it is not
yet possible to identify various mechanisms which might have contributed to the insulation
abnormality. Overall failure investigation may take several months, and is dependent on access to
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the spare bushing installed on unit MT 32 as well as those bushings installed on unit MT 22.
Complete understanding of the failure mechanism will certainly require more data from in-service
bushings, in addition to that which is available from IPEC units.

D) Bushing Insulation Treeing, followed by PD enhancement from system OV

This hypothesis is being presented based upon observations obtained during the bushing
teardown described in report sections above.

All three MPT 21 bushings were taken apart and inspected and all showed the same type of
treeing on the edge of foils at the upper part (air side) and lower part (oil side) of the bushings. In
areas of higher electrical stress, the treeing was clearly more intense. This suggests that the
formation of the traces is related to the presence of an electric field.

It is important to note here that this hypothesis requires interaction between a pre-existing
insulation abnormality and a normal, arrester-protected system overvoltage transient. The scenario
is based upon the fact that treeing traces observed during bushing teardown do not appear to
show signs of partial discharge activity. If such a situation is generally true throughout affected
bushings, this would mean that initial treeing activity cannot support partial discharge at operating
voltage. Therefore, insulation breakdown would also require an initiating overvoltage event.
Therefore, in this hypothesis repeated cases of normal system overvoltage are required to initiate
partial discharge at the observed insulation abnormalities.

Root cause analysis of the bushing insulation’s abnormality is only at an early stage, and will be
reported upon in subsequent report(s). It is not yet known what factor(s) have created the
abnormality in the bushing that led to its electrical failure. Since this is first and only failure reported
for this type of TRENCH bushings, it is not yet clear what tasks will be required to fully explain
failure cause.

8. Monitoring and Replacement Recommendations

For monitoring and replacement recommendations please see the attached statement from
TRENCH.

9. Attachment List

Attachment 1: Schematic structure of the investigated Condenser Bushings
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1. Equipment Data

Ratings: Three Phase Generator Step Up Transformer
Power Rating: 372/449,6/562 (629) MVA
Cooling: ONAN/ONAF/ODAF
Frequency: 60 Hz

) o/ _ 0 —_
Rated Voltages: HV: 345 +2x2,5% -2x2,5% kV (DETC) — YN

LV:20,3kV-D
Customer: ENTERGY
ENTERGY NUCLEAR NORTHEAST - INDIAN POINT ENERGY
NY/USA
Serial Number #4.019.269 (Unit #21)
2. Scope

This report contains the major aspects of the inspections, investigations and tests performed after
the event on November 07, 2010, when the H2 bushing (phase “B”) installed on the unit #21
exploded, rupturing the weld between cover and tank, making vaporized oil get spilled out as a fire
ball.

3. History

Two units were manufactured in 2005; final electrical tests were performed on January 2006.
Replacing old units from other manufacturer, these first two units were installed and commissioned
at site in 2006:

Unit #21: Serial Number 4.019.269;

Unit #22: Serial Number 4.019.272;

An additional unit was manufactured in 2009 as a spare (Serial Number 8.324.845), final
acceptance tests of this unit performed in May 2009.

The dimensions, arrangement of the cooling system were designed to match within the existing
space and be suitable to be connected to the existing LV bus duct.

Two units operate in parallel solidly connected both on the HV and LV side. On the LV side via bus
duct which is connected to the single power generator; on the HV side by the common 345 kV bus
protected by a single surge arrester per phase, from which point on a regular transmission line
transports the energy to the neighbored Substation of CONED, crossing the street.

On November, 71" 2010 at 6:39 pm the unit #21 failed due to an internal flashover at the oil side of
the H2 bushing.

This caused an explosion which ruptured the weld between the cover and the transformer tank in
front of the H2 bushing. The oil was expelled like a fireball which touched the radiator bank, the
firewall, as well as the HV surge arrestor and post insulator of the central phase (“B” phase).

The event triggered the intervention of the fire brigade, which successfully extinguished the fire in
few minutes. During this operation a second explosion occurred, minutes after the first, when the
transformer was completely off circuit (disconnected by the 345 kV circuit breaker and disconnect
switches and the generator shut down at the LV side). This second explosion was interpreted as
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an ignition of the oil mist formed inside the tank, triggered by the remaining heat of the former
explosion.

The oil was completely spilled out of the tank due to the rupture of the valves of the cooling system
caused by the mechanical impact of the explosion.

The sister unit #22 was not touched by this event, as it is separated from the damaged unit by a
firewall.

4. Analysis of the Sequence of Events

The Picture 1 was taken on November 08, 2010, one day after the event and shows the main
components of interest for the analysis of the event occurred with Unit #21.

i A
1
2

345 kV Line
Cables

- 345 kV Surge 4
345 kV Bus Arresters i

345 kV Post
4 insulators

r '

x -I,-:.

il
_' Unit #21

)

Picture 1. General view of the transformer yard showing the main involved components.

The analysis of the sequence of events (see Attachment 1) showed that the circuit breaker on the
345 kV opened very quickly after ~3 cycles, triggered by the Buchholz relay trip of Unit #21.

Both units #21 & #22 are solidly connected at the LV side to the main generator of nuclear power
plant. According to information of ENTERGY, the excitation of the generator was cut down
immediately upon receiving the trip signal from Unit #21.
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Considering that the excitation of the main generator takes approximately one second to be
reduced to less than 20% of the rated level, during this period of time the HV terminals of both
units remained with high potential. This is valid even for the unit #21, as its windings were not
damaged by the event as confirmed later.

Thus, the voltage on terminal H2 sustained the arc on the phase “B” bushing of unit #21, which
vaporized the surrounding oil and expelled it like a fire ball through the ruptured weld of the tank
cover.

The fire involved the radiator bank, the post insulator of the phase “B” installed on a beam over the
radiator battery, also hitting the firewall on the top on which the 345 kV surge arresters are
installed.

Flashover marks were identified on the post insulator of phase “B”. Whether this flashover occurred
some time before the event and triggered the failure of the H2 bushing of Unit #21 or this flashover
was a result of the ionized air of the fireball could not be clarified until now. Eventually the
dissection of the failed bushing may bring additional evidences about this question.

It has to be considered that the Units #21 & #22 are equipped with an on-line monitoring device
(TRUE-GAS) which performs an on-line oil analysis for dissolved gases (DGA) every 4 hours. This
on-line gas monitor showed perfectly stable values until ~2.5 hours before the event.

(see Attachment 2).

The records of the on-line monitoring device verify that no internal event inside the transformer was
detectable until close to the failure occurrence.

On the other hand, it has to be considered that the bushing oil is completely separated from the
transformer oil. The oil space inside the bushing is a sealed container, where oil volume expansion
due to heat is absorbed by a gas space situated in the bushing head. Thus, the on-line gas monitor
of the transformer oil cannot detect any gas evolution inside the bushing oil. This means, any pre-
damage ongoing in the insulating system of the bushing cannot be detected through the monitoring
of the transformer oil.

5. Inspection of the damaged Unit #21

5.1 Inspection on the External Parts

The flashover at the oil side of the H2 bushing caused an explosive pressure wave inside the tank
which ruptured the weld between cover and tank in front of the middle phase (Picture 2 & 8).
Other consequential damages (caused by the tank wall at the HV side bowing out) were found at
several points of the tank reinforcements (Picture 5 & 6).

The shock wave throughout the tank ruptured also the bottom main valves of the cooling system.
This caused complete drainage of the oil, which continued to spill out until reaching the level of
these valves (Picture 3 & 4).

Also the porcelain of the neutral bushing installed at the tank wall was broken by the shock wave
(Picture 7).
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ot |

on the oil side of H2 bushing.

Picture 2: Damaged tank of the Unit #21 after the occurrence:
Red arrow: Ruptured tank & cover weld caused by the shock wave produced by the flashover

|
1
1

Picture 3: Red arrow: ruptured cooling system 12" valve | Picture 4: Red arrow: ruptured cooling system 12" valve
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Picture 5: Red arrow: mechanical stress marks on the Picture 6: Red arrow: mechanical stress marks on the
corner of the tank frame; bottom end of the vertical tank reinforcements;

,-‘__

-I'.i JL?

Picture 9: Radiators and fans were involved by the fire;

Picture 10: Red arrows: 345 kV bus disrupted due to
the connector broke apart by the mechanical impact;
Blue arrow: H2 bushing (Phase “B”);

Brown arrow: Insulating post for the 345 kV bus;
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Picture 11:

Red arrows: Showing the parts of the connector which | Blue arrows: Damaged porcelain of the insulating post for
was broken due to the mechanical impact of the shock | the 345 kV bus;

wave caused by the flashover on the H2 bushing; Orange circle: Space between the radiator banks in front
of the phase “B” bushing, allowing the propagation of the
Blue arrow: Insulating post for the 345 kV bus; expelled fire ball until the surge arrester installed on the

top of the fire wall (Green arrow)

L LS = P

Picture 13: Red arrows: The grounding lead insulation Picture 14: Rd arrows: The plastic covering of the

was melted by the fire, rather than by a short circuit grounding leads melted away but the copper isn’t
current to ground: the plastic covering of the grounding discolored,. Therefore no heavy fault current to ground
strips is melted only at a single side; circulated during the event through these components.
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Picture 15: Red arrow: Damaged top connector of the Picture 16: Red arrows: Crack on the flange of the H3
H2 Bushing (Phase “B”) Bushing (Phase “C”) caused by the shock wave.

5.2 Internal Inspection: HV Bushings and DETC

The internal inspection was performed by the Siemens Field Engineer after the atmosphere inside
the transformer was thoroughly flushed with dry air. The transformer was released with healthy
conditions of Oxygen content and adequate levels of other gases by a gas monitor.

It was confirmed that a flashover occurred inside the H2 bushing. This destroyed completely the
bushing’s oil side portion (i.e.between the tank cover and the internal lead connection). Several
flashover marks were found at its bottom plate made of copper and also on the nearby grounded
parts of the phase “B” (turret and upper core frame) (see Pictures 17 & 18).

The shielding electrode which was installed on the lower end of the bushing was forced
downwards by the heavy pressure surge created inside the oil. This was due to the explosive
expansion of the gases caused by the flashover inside the bushing and due to the oil being
expelled through the tank rupture in vicinity of the H2 bushing (see Picture 17 & 18).

This shielding electrode is installed at the lower end of the bushing to provide electrical shielding to
the bottom plate and also to the flexible connection leads bolted to the bottom plate. A specific
report was issued on this matter of the shield displacement (see Attachment 3 — Technical
Report ST15/10).
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Picture 17: Red arrow: Bottom plate of the H2 Bushing; | Picture 18: Red arrows: Flashover marks on the
Blue arrow: remaining insulation its condenser core; grounded parts around H2 bushing (on frame and turret);
Green arrow: Shielding electrode forced downwards; Blue arrows: Arcing marks on the bushing bottom plate;

It was observed that also the bushings of the outer phases were heavily damaged. This physical
damage appears to be due to ignition of oil, and the electrical discharges occurred after failure of
the phase “B” bushing:
- The Phase “C” bushing had its lower insulating shell made of epoxy resin broken; several
discharge marks were also visible on the bottom plate and surrounding grounded parts;
- The Phase “A” bushing had its epoxy shell heavily burned by the flashover at phase “B”;
several foot points of discharges were also visible on the bottom plate.
It has to be pointed out that those flashover foot points (arcing marks) on the phases “A” and “C”
were caused at the instant when the explosion on phase “B” bushing occurred. This created a
shock wave followed by ionized gases. When this gas bubble hit the outer phases, further electrical
flashovers occurred.
As the windings of the Unit #21 were intact even after the H2 bushing failed, the HV bushings of all
three phases still presented a high voltage potential. This is because the main generator had its
excitation shut down, but the magnetic circuit maintained its output voltage for a period of
approximately one second (~60 cycles).

Thus, the sustained potential on all three HV bushings was sufficient to create the subsequent
flashover events on all three phases.
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Picture 19: H3 (Phase “C”") H3 Bushing:
Red arrows: Flashover marks on grounded parts;
Blue arrow: Condenser core without its epoxy shell;
Green arrow: Shielding electrode dropped downwards;

Picture 20: Red arrows: Flashover marks on the
grounded parts of the H3 bushing;

Blue arrows: insulating layers of the condenser body;
Green arrows: Supporting spacers for the bushing CT’s.

Picture 21: H1 (Phase “A”) H1 Bushing:

Red arrow: Flashover marks on grounded parts (turret);
Blue circle: Epoxy shell at the oil side heavily burned;
Green arrow: Shielding electrode still in place;

=

Picture 22: H1 (Phase “A”) H1 Bushing:

Red arrows: Flashover marks on the grounded parts of
the H1 bushing turret;

Blue arrow: Inner part of the phase “A” turret;
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Picture 23: DETC on HV winding:

Red arrow: HV neutral point outlead connection without
any damage, flashover or burning marks;

Blue arrow: Slider of the DETC didn’t show any damage;
Green circle: The contact group of the DETC didn’t show
any damage or displacement;

Picture 24: DETC on HV winding:

Green circles: Both contact groups of the DETC didn't
show any damage or displacement;

Blue arrow: Slider of the DETC didn’t show any
damage;

Red arrows: HV tap outleads for the DETC;
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5.3 Internal Inspection: HV Windings

During the internal inspection only the upper part of the HV winding was accessible.

Even so, it could be verified that the HV windings of all three phases did not show any damage as
a result of the bushing failure. This included absence of any flashover mark or any distortion
caused by heavy short circuit currents.

This situation confirms adequacy of the transformer’s design, according to the calculation of the
short circuit currents. These circulating currents passed through the several parts of the involved
circuit during the heavy flashover event on the phase “B” and also some consequential flashover
occurrences at the phases “A” and “C”.

The short circuit calculation (see Attachment 4) performed by the ENTERGY specialist showed,
as expected, that the main short circuit contribution during the first ~4 cycles of the event came
from the 345 kV network (~20kA). This flow was from the network through the damaged bushing to
ground. In contrast, the contribution from the main generator flowing through the windings of both
transformers (as they are solidly paralleled on the LV side) was only 10% of this value (~2 kA). It
was restricted by the sub-transient impedance of the main generator, in series with the impedance
of the transformers.

After the 345KV circuit breaker cleared the 345 kV network from the power plant, the high potential
at the HV bushings of all three phases was sustained only by the remaining magnetization of the
main generator, as already mentioned in the foregoing item.

This situation caused several flashover events between the bushing bottom plate and the
grounded parts, as the upper part of the tank was filled with ionized gas generated by the
flashover, as explained under item 5.2.

These secondary flashover events extinguished only when the voltage supplied by the generator
dropped to less than 20% of its rated value, which most probably occurred approximately one
second (~60 cycles) from the main event on the H2 bushing.

The pictures on the following page show the parts of the windings which could be accessed.
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Picture 25: Top of the HV winding:

Red arrow: Debris of burned paper coming from the
bushing flashover;

Blue arrow: Pressboard spacers on the top of the HV
winding;

Green circle: Showing carbonized debris resulting from
the flashover; no bending of the HV conductors was
detected, demonstrating that no remarkable short circuit
forces occurred during the flashover event;

Picture 26: Top of the HV winding:
Green circles: ; No bending of the HV winding
conductors was detected, demonstrating that no
remarkable short circuit forces occurred during the
flashover event;

Blue arrow: Pressboard spacers on the top of the HV
winding;

Red arrow: HV winding outlead on the uppermost disk
connecting to the neutral point (HO Terminal);

Further pictures of the surroundings of the windings:

Picture 27: Top of the HV winding Phase “B”:

Red arrow: Shielding electrode of the H2 bushing as well
as some paper debris of burned paper coming from the
bushing flashover;

Blue arrows: Winding pressing elements showing no
displacement or misalignment;

Green circle: Pressboard spacers right in place on the top
of the HV winding, no displacement or misalignment was

detected;

Picture 28: External part of the HV winding:
Green circle: Pressboard cylinder involving the HV
winding; no damage was observed;

Blue arrows: Outleads from each half (upper and lower
part) of the HV winding;

Red arrow: HV winding central outlead connecting to the
HV phase terminal,
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5.4 Further Inspections: HV Bushings, 345 kV Bus, Insulator Post of 345 kV Bus

After the dismantling from the damaged Unit #21, the HV bushings were inspected; the relevant
pictures oft this inspection are included in the Attachment 5.

Also the insulator post which supports the 345 kV bus of phase “B” was inspected. This is because
clear flashover marks were detected both on the porcelain body as well as on the fixing elements
of the top and of the bottom of the insulator. For this inspection the relevant pictures are included in
the mentioned Attachment 6.

The connector which joins both sections of the 345 kV bus of phase “B” was broken by the
mechanical impact of the shock wave caused by the flashover at the H2 bushing. This separated
the bus connector of phase “B”.

The inspection of the broken connector clearly shows that the H2 bushing explosion caused
mechanical shock which ruptured the connector. Even after the bushing explosion there was a
significant voltage potential present causing several flashover events between the pieces of the
connector as they separated.

All relevant pictures of this inspection are included in the mentioned Attachment 6.

6. Preliminary Observations as of 19Jan 2011

The first output of the investigation and analysis of the evidences related to the failure event. This
clearly indicated that the active part of the transformer (Core & Coils, together with its insulating
system) was completely healthy until 2 %2 hours before the flashover at the H2 bushing. This
statement is based on the DGA results of the on-line gas monitoring device installed on the tank
analyzing periodically (every 4 hours) the transformer oil. In addition, the lack of Core & Caoll
damage indicates that transformer #21 itself was not the initiating cause.

At the time of this inspection of the destroyed transformer, it was not clear whether the explosion of
the H2 bushing was caused by an external event or due to deterioration of the bushing’s insulation.
Subsequent teardown and inspection of the failed bushing showed failure cause to be related to a
deterioration of the insulation system of the bushing’s condenser core.

Further information regarding physical inspection and teardown of bushings from failed transformer
unit #21 was obtained after generation of this report. This detail is contained in the report entitled
“TRENCH Bushing Inspection_Photo Report #ST 2 11”.

The flashover along the porcelain of the insulating post of the phase “B” 345 kV bus appears to be
only a consequence of the fire ball which involved the post.

7. Attachment List

Attachment 1:  Sequence of Events Recorder Report dd. Nov. 08, 2010;
Attachment 2: DGA records of the TRUE GAS on line monitoring device;
Attachment 3:  Technical Report — HV Bushing Shielding Electrode;
Attachment 4:  Fault Current Calculation;

Attachment 5:  Photographical Report — HV Bushings;
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Attachment 6:  Photographical Report — 345 kV Bus;
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CompanyName Sequence of Events Recorder Report 11/8/2010

Station Name : Buchanan (SER) Control House #2
RemotelD: 16

Sequence of Events
Date-Time Event Now Normal SYNC Description

11/07/2010-20:56:54.644375 E21 Control House #2 - BREAKER §
11/07/2010-20:56:41.657500 E20 Control House #2 - BREAKER 7
11/07/2010-20:56:41.653333 E33 CTRL HOUSE 2 - W95 DTT SENT VIA BRKS 783 OPEN
11/07/2010-20:02:53.617917 E10 Control House #2 - FDR W95 2ND LINE PM-23 (86-24)
11/07/2010-20:00:35.780834 E5 Control House #2 - FDR W85 13T LINE PM-23 (86-1A)
11/07/2010-19:40:16.572292 E32 CTRL HOUSE 2 - W85 DTT SENT VIA DISCO F7-8 OPEN
11/07/2010-19:39:41.683333 E4 Control House #2 - FDR W95 18T LINE L.O. RELAY 86-1B
11/07/2010-19:39:41.682709 E33 CTRL HOUSE 2 - W95 DTT SENT VIA BRKS 789 OPEN
11/07/2010-19:39:39.856875 E9 Control House #2 - FDR W95 2ND LINE L.O. RELAY 86-2B
11/07/2010-19:39:36.352292 E5 Control House #2 - FDR W95 1ST LINE PM-23 (86-1A)
11/07/2010-19:39:36.352292 E10 Control House #2 - FDR W95 2ND LINE PM-23 (86-2A)
11/07/2010-19:39:36.253959 E21 Control House #2 - BREAKER 9
11/07/2010-19:39:36.247500 E20 Control House #2 - BREAKER 7
11/07/2010-19:39:36.226459 ES Control House #2 - FDR W35 2ND LINE L.O. RELAY 86-28
11/07/2010-19:39:36.226459 EB Control House #2 - FDR W95 2ND LINE HCB
11/07/2010-19:39:36.226459 E4 Control House #2 - FDR W95 1ST LINE L.O. RELAY 86-18
11/07/2010-19:39:36.226459 E1 Control House #2 - FDR W95 18T LINE HCB
11/07/2010-19:39:36.217292 E6 Control House #2 - FDR W95 2ND LINE HCB
11/07/2010-19:39:36.217292 E1 Control House #2 - FDR W95 1ST LINE HCB
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TECHNICAL REPORT
Sl EME Ns ENTERGY Indian Point — 372/449,6/562(629) MVA — 3% GSU S;gisll,%o
HV Bushing Shielding Electrodes

1. Equipment Data

Ratings: Three Phase Generator Set up Transformer
Power Rating: 372/449,6/562 (629) MVA
Cooling: ONAN/ONAF/ODAF
Frequency: 60 Hz

. o/ _ 0 _
Rated Voltages: HV: 345 +2x2,5% -2x2,5% kV (DETC) — YN

LV: 20,3 kV-D
Customer: ENTERGY
ENTERGY NUCLEAR NORTHEAST - INDIAN POINT ENERGY
USA
Serial Number #4019269

2. Function of the HV Bushing Shielding Electrodes

The shielding electrodes installed around the bottom end of the HV bushing has the
function to prevent the connection between the HV outlead and the HV bushing bottom
plate be exposed to a high electrical field stress.

Considering that the maximum current of the transformer is around 1100A, the connection
of the HV outlead to the bushing bottom plate is done via four flexible copper straps. Thus,
this bottom plate as well as the flexible strap and the correspondent bolts have sharp
edges, which shall not be exposed to a high electrical field stress.

3. HV Electrode Assembly details

The shielding electrode is attached with four bolts to the end plate of the HV solid copper
tube. The flexible copper straps which made the connection to the HV bushing bottom
plate are brazed to this conductor end flange.

The other ends of the flexible straps are brazed to solid copper terminals, which is then
bolted in the bushing bottom plate.

The copper connectors of the flexible straps are the only bolted contact between HV
bushings and HV winding outleads.

Bushing bottom
plate

Connectors bolted
to the bottom plate

Flexible copper

HV outlead end straps
attaching plate
HV shielding
electrode

HV electrode
supporting plate

Picture 01 — ProE View Shielding Electrode

ATTACHMENT 3_ HV Electrode REpOrt_ST15 10.doc Issued by: Adriano / Miethke pate: Nov 19, 2010
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S| EME NS ENTERGY Indian Point — 372/449,6/562(629) MVA — 3 GSU 8;9152/,%0
HV Bushing Shielding Electrodes

The HV winding outleads are made of copper tubes with a thick paper insulation supported
in many points, as it is visible in the Pictures 02 and 03. The supported HV winding
outleads alone provide a self-supporting structure to the HV shielding electrodes

HV shielding
electrodes

ol ]
N

HV winding
outleads

Picture 03 — General ProE View of the active part

Additionally, the shielding electrode assembly is supported externally by a structure of
WEIDMAMANN Transformer Pressboard, manufactured of pure compressed long fiber
cellulose.
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HV Bushing Shielding Electrodes

ST 15/10
Page 3/6

This structure is composed by a split ring around the electrode and two supporting arms,
which provide the required clearance between the electrode (100% potential) and the
grounded parts of the frame.

Each arm is bolted (using two bolts) to a steel plate welded to the upper frame.

See Picture 04 below.

Presshoard ring HV shielding
preventing damage to electrodes
the shielding electrode.

Flexible copper straps B

with connecting ¥ HV electrode split
terminal. a1 insulating ring

HV winding outlead
(copper insulated tube)

HV electrode
supporting arms

Picture 04 — Shielding Electrode

All this structure is designed to withstand to the maximum forces caused by an external
short circuit.

The insulation on the upper part of the electrode is also protected by a solid pressboard
ring, which prevents the bottom plate of the bushing to damage the electrode insulation
when lowering the bushing into the transformer.
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HV Bushing Shielding Electrodes

4. Assembly details

Installing the HV bushing into the turrets, it must be observed that the bottom plate cannot
damage either the CT insulation or the insulation of the shielding electrode.
Approximately 10 inches before the flange makes contact with the turret, the internal
connection of the flexible copper strap to the bottom plate shall be done.

This step is uppermost important to be enacted for the two outside phase bushings, which
are installed at an angle to the vertical.

When lowering the bushings into the final position, is shall be observed that the flexible
strap fits completely into the shielding electrode and that the bottom plate of the bushing
reaches its specified penetration into the shielding electrode.

5. Critical Analysis of the possible Failure Mode of the Shielding Electrode

The two independent supporting systems of the shielding electrode prevent the electrode
dropping down, making impossible the bushing bottom plate getting uncovered.

Even in a very unlikely event of a shielding electrode getting loose, this condition would
cause some partial discharges be onset at the bushing bottom plate.

The generation of fault gases caused by the partial discharges would be promptly detected
by the on-line gas monitoring device. (THRU-GAS)

The traces of this device showed a perfectly stable condition very close to the event (about
2:30 hours before the flashover event). Also the off-line DGA results taken two month
before (September 01, 2010) the event showed stable results, without any concern about
fault gases.

Thus the transformer itself was in a good shape until the occurrence of the internal
flashover event.

6. Analysis of the internal Flashover Event

The flashover inside the bushing punctured its condenser body and hit the grounded
metallic flange extension (see Picture 05).

This flashover caused an explosive rupture of the insulation shell installed on the bottom
part of the bushing. Consequentially, the very steep pressure wave generated by the
explosion displaced the shielding electrode downward, breaking the supporting pressboard
arms (see Picture 06).
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HV Bushing Shielding Electrodes

)

Picture 05 — Detail view of failed bushing H2:

Red Line: indicates the arcing trace puncturing the condenser body and hitting
the grounded flange extension.

Picture 06 — View of Phase 2 after the flashover event, showing the Shielding
Electrode and the supporting pressboard arms damaged by the explosion.

The ionized medium around the bottom part of the bushing caused many secondary
discharges between the bushing bottom plate and the grounded parts (see Picture 07)., as
the voltage at the HV terminals was sustained for several cycles by the generator even after
345KV circuit breakers cleared the transformer from the transmission line.
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Picture 07 — Detail view of failed bushing H2
Red Arrows: indicates the arcing marks on the bottom plate.

7. Conclusion

The DGA results show that there was no disturbance at the internal part of the transformer
previous to the flashover event.

It is concluded that the HV shielding electrodes of all three phases were sound until the
occurrence of the internal flashover event.

It can be noted that the bushings and shielding electrodes installed on unit MT 22 are of
duplicate design to that described above for MT 21. Also, on-line gas monitoring of MT 22
shows similar stable behavior as the DGA monitoring of MT 21. (See section 5 above for
discussion of the significance of stable DGA observations with respect to proper orientation
of shielding electrode.)

It is reasonable to conclude that shielding electrodes and bushing bottom plates were in
correct position in both MT 21 and MT 22, prior to the internal flashover within MT 21.
Therefore, Siemens has made the recommendation that the benefits of oil draining and
internal inspection of MT 22 were minimal, and did not justify the possible negative impact
such draining would create (that is, a lengthened outage duration.)

Bernd Rudolf Wilhelm Miethke Tamyres Luiz Machado
TECHNICAL SUPPORT TECHNOLOGY DIRECTOR
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SI117.03
Generator: 280T176
September 2002

GE Power Systems

Generator

Generator Data For Stability Study

Purchaser: Consolidated Edison Co.
Station: Indian Point #2
Requisition No.: 305-70094
Rated Conditions:
kVA: 1,439,200
kV: 22
RPM: 1800
PF: 0.91
SCR: 0.58
Hopsig: 75
Full Load Field Amps: 6051 Response Ratio 0.5
Field Resistance: 0.0908 ohms @ 125° C, 0.0656 ohms @ 25° C
Field Amps: 9103 @ rated generator volts and amps, and zero pf overexcited
Sat. Curve:; 483HA530
Vee Curve: 483HAS531
Estimated Capability Curve: 483HAS532
Type of Exciter: GENERREX

Generator WR?: 1,563,392 Lb-fit2

These instructions do not purport to cover all details or variations in equipment nor lo provide for every possible
contingency to be met in connection with installation, operation or maintenance. Should further information be desired or
should particular problems arise which are not covered sufficiently for the purchaser’s purposes the matter should be

eferred o the GE Company. © 2002 GENERAL ELECTRIC COMPANY



5117.03 Generator Data For Stability Study

Generator Constants at Rated kVA: 1,439,200 kVA @ 91PF & 22000 Volts

X4 1.90 Xq 1.79 T do 9.617
X' di 0.420 X'q 0.623 F - 0.036
X' 0.370 Xo 0.215 Ty2=T,3 0.359
X4 0.325 Xim 0.250 T’ g0 0.422
X%y 0.260 R 0.0039 T'go 0.061
Xoy 0.260 Ry 0.0269 T a1 343
Cap 3 Phase 1.6496 uf Ra 25°C 0.000588 T a3 1.685
ohms
X2 0.260 Rf 25°C 0.0656 ohms [T’ 4o 2.807
Tal 0.290 Ta 0.026
H = (0.231) (WR?) (RPM?) (10-5) KW-Sec/KVA

KVA base
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PHOTOGRAPHICAL REPORT Attachment 5

SIEMENS HV Bushings Inspection (i:gi‘-?l//l?O)

ENTERGY - Indian Point - 629 MVA - 3& GSU Transformer

1. Scope

This Photographical Report contains the relevant pictures obtained during the external inspection
of the HV Bushings manufactured by TRENCH / Canada, which were directly involved with the
event occurred on November 7" 2010 with the Step up transformer 629 MVA installed on the
ENTERGY Nuclear Plant at Indian Point —-NY/USA.

Remark: the pictures of the inspection of the Insulating Post supporting the 345 kV buses which
interconnects the HV terminal of both Units #21 & #22 as well as the pictures taken from
the connector which joins the two sections of the 345 kV buses and which broke making
the two section fell apart during the flashover event are contained in the Attachment 6.

2. Pictures of the HV Bushing Inspection
Type of the HV bushings: 1175 — F020-23-AG3-02-AEP, LI Level: 1175 kV, manufactured in 2005;
The Serial Numbers of the HV Bushings which were installed on the Unit #21 are:

05F9080-01 assembled in H1
05F9080-04 assembled in H2
05F9080-03 assembled in H3

After the bushings were disassembled from the damaged transformer, they could be inspected in
respect of the external damages occurred due the flashover at the bushing installed in phase “B”.

G0
s

Picture 1: Nameplate of one of the bushings installed in the sister Unit #22:
Red circle: Year of manufacturing: 2005.
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PHOTOGRAPHICAL REPORT

SlEMENS HV Bushings Inspection

ENTERGY - Indian Point - 629 MVA - 3& GSU Transformer

Attachment 5
(ST 19/10)
Page 2/7

Picture 2:  General view of the bushings after disassembled from the Transformer Unit #21

2.1 Pictures of the H2 Bushing (Phase “B”)

The bushing installed on H2 (Phase “B”) experienced an internal flashover, which made the epoxy
shell being ruptured, causing a explosive shock wave inside the oil, which ruptured the weld

between cover and tank wall. The tank wall itself bowed outwards.

As the flashover was sustained for approximately one second (~60 cycles) by the remaining
magnetic field of the main generator, the oil was expelled as a dust from the tank an immediately
caught fire, involving the radiator banks, the insulating post sustaining the 345 kV bus phase “B”

connected to the H2 bushing.

Picture 3:  General view of the bushing H2:

Red circle: Area with the puncture to inner layers;
Orange arrows: Discharge trace on the remaining layers;
Blue circle: Flashover foot points on the bottom plate;
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PHOTOGRAPHICAL REPORT Attachment 5
SIEMENS HV Bushings Inspection (ST 193{/170)
ENTERGY - Indian Point - 629 MVA - 3 GSU Transformer | 2%

Inside the tank, the ionized atmosphere of the burning oil mist made several flashovers to be
produced between the bottom plate of the bushing and the surrounding grounded parts.
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Picture 4: General view of the bushing H2:
Red circle: Area with the puncture to inner layers;

Orange arrow: Remaining layers of the condenser body;
Blue circle: Flashover foot points on the bottom plate;

Picture 5:  Detail view of failed bushing H2:

Red Line: indicates the arcing trace puncturing the condenser body and hitting the
grounded flange extension.
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PHOTOGRAPHICAL REPORT Attachment 5
SIEMENS HV Bushings Inspection (ST 19/10)

ENTERGY - Indian Point - 629 MVA - 3¢ GSU Transformer | 2947

Picture 6:  Further view of the bushing H2:
Red circle: Area of the layers destroyed by the flashover;

Orange arrows: Further flashover foot points on the bushing flange extension;
Blue arrow: Remaining layers of the condenser body;

Sl —

Picture 7:  View of the H2 bushing head:
Red circle: The bushing head was distached from the porcelain as the lower epoxy shell
was destroyed by the internal flashover;

Orange arrows: Porcelain sheds;

Blue arrow: Bushing head;
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PHOTOGRAPHICAL REPORT Attachment 5
SIEMENS HV Bushings Inspection (ST 19;/170)
ENTERGY - Indian Point - 629 MVA - 3 GSU Transformer | 2%

2.2 Pictures of the H3 Bushing (Phase “C”)

The bushing H3 (installed on Phase “C”) had its lower epoxy shell mechanically destroyed by the
shock wave caused by the explosion of the bushing H2.

o e

Picture 8: View of the H3 bushing:

Red circle: Condenser body partially damaged, without the epoxy shell destroyed by the
flashover on the H2 bushing;
Blue circle: Flashover foot points between bottom plate and surrounding grounded parts;

Green arrow: Part of the bushing flange that was broken by the mechanical impact of the
pressure surge inside the tank;

/ P e
Picture 9:  View of the H3 bushing bottom plate:

Red circle: Foot points caused by several flashover strikes occurred after the H2 event;

Blue arrows: Flexible connection leads cut away during the dismantling of the bushing;
Green arrow: Oil circulation hole on the central conductor;
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PHOTOGRAPHICAL REPORT Attachment 5
SIEMENS HV Bushings Inspection (ST 19/10)

ENTERGY - Indian Point - 629 MVA - 3¢ GSU Transformer | 29 %7

Picture 10: View of the H3 flange extension region:

Red circle: Foot points on the grounded flange extension caused by flashover events
occurred on the condenser body ;

Blue arrow: Discharge traces on the condenser body;

2.3 Pictures of the H1 Bushing (Phase “A”)

The H1 bushing had its epoxy shell heavily burned, but the shell maintained the bushing filled with

oil, whereas the other two bushings lost all oil due to the destruction of the epoxy shell on the oll
side.

: ) iz i L
Picture 11: View of the H1 bushing oil side area:

Red circle: Foot points on the bushing bottom plate caused by flashover events to
surrounding grounded parts after the H2 bushing explosion;

Blue circle: Heavy burning marks on the external surface of the epoxy shell;
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Picture 12: Detail view of the H1 bushing bottom plate:

Red circle: Foot points on the bottom plate caused by several flashover events occurred
after the explosion of the H2 bushing;
Blue arrow: Heavily burned surface of the epoxy shell at the oil side.

3. Further Investigation

The bushings are packed in appropriate crates and stored at the external areas of the Indian Point
site, ready to be dispatched for the final investigation by dissection of their condenser core.

These dissections bring some evidences that may clarify the questions about the origin of the
explosion of the H2 bushing and thus give the necessary evidences for the root cause analysis.

Once the local and date for the investigation are defined, the bushings will be dispatched in

sequence.

ATTACHMENT 5_PhotoReport_HV Bushings.doc Issued by: Miethke — E T TR — Technical. Support pate: December 22, 2010




SIEMENS

PHOTOGRAPHICAL REPORT
345 kV Bus Inspection

ENTERGY - Indian Point - 629 MVA - 3& GSU Transformer

Attachment 6
(ST 19/10)
Page 1/10

1. Scope

This Photographical Report contains the relevant pictures obtained during the inspection of the 345
kV buses and the post insulator which sustains these buses of the phase “B”, which were directly
involved with the event occurred on November 7" 2010 with the Generator Step Up (GSU)
Transformer 629 MVA 345 kV installed on the ENTERGY Nuclear Plant at Indian Point —NY / USA.

2. Inspection of the 345 kV Bus Connector

The connector of phase “B” which joints the two sections of the 345 kV bus on the right side of the
surge arrester broke as a consequence of the mechanical shock caused by the flashover and
explosion of the H2 bushing installed at Unit #21.
Consequently, the section connected to the H2 bushing fell apart as shown in Picturel below and
the insulator post was broken at its base, as shown in the pictures of the following item.

345 kV Bus

Unit #22

Picture 1. General view of the transformer yard showing the main involved components.
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345 kV Bus Inspection
ENTERGY - Indian Point - 629 MVA - 3& GSU Transformer

Attachment 6
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bushing terminal of |
phases “A” and “B” |

Picture 2: General view of the 345 kV buses after dismantling;

it SR
345 kV Bus tube

connector
(Transformer
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PHOTOGRAPHICAL REPORT
345 kV Bus Inspection

Attachment 6
(ST 19/10)

ENTERGY - Indian Point - 629 MVA - 3¢ GSU Transformer |  Fage 3/10

Picture 3: Detail view of the broken connector of phase “B”,
(Surge arrester side);

Blue circle: Fractured surface with melting points caused by arcing;
Red arrows: Flashover marks;
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PHOTOGRAPHICAL REPORT
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ENTERGY - Indian Point - 629 MVA - 3¢ GSU Transformer |  Fage 4/10

Attachment 6
(ST 19/10)

Picture 4: Detail view of other half of the broken connector of phase “B”
(Transformer side);

Blue circle: Fractured surface with melting points caused by arcing;

Red arrows: Melted aluminum deposited on the connector surface, which
fell down when the flashover occurred on the braking connector;

Picture 5: Detail view of one half of the broken connector of phase “B”
(Surge arrester side);

Blue circle: Fractured surface with melting points caused by arcing;

Red arrows: Melted aluminum caused by the flashover occurred between
the parts of the braking connector;
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Attachment 6
(ST 19/10)

ENTERGY - Indian Point - 629 MVA - 3¢ GSU Transformer |  Fage 5/10

Picture 6: Detail view of one half of the broken connector of phase “B”
(Transformer side);

Blue circle: Tube end with melting & arcing marks;

Red arrows: Fractured surface of the connector;

Picture 7: Detail view of bus tube of phase “B” (Transformer side);
Remark: the blackened surface of the tube was caused by the fireball
which involved this part of the 345 kV bus after the explosion of the H2
bushing;

Red arrows: Melted aluminum deposited on the upper surface of the tube
coming from the arcing occurred between the connector parts which broke

in consequence of the mechanical shock wave;
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PHOTOGRAPHICAL REPORT Attachment 6
SIEMENS 345 kV Bus Inspection (ST 19/10)

ENTERGY - Indian Point - 629 MVA - 3¢ GSU Transformer |  Fage 6/10

3. Investigation of the Phase “B” 345 kV Post Insulator

v

Picture 8: General view of the Post Insulators:
Red arrow: Phase “B” insulator, blackened by the dust of the fireball caused by
the bushing explosion and which involved the components of phase “B”;
Blue arrow: Phase “C” insulator, with a clean porcelain surface.

hoAl "W <

Picture 9: Detail view of the fixing base of the Post Insulator phase “B™:
Red arrow: Foot points of the flashover which occurred on the post
Insulator, before the occurrence of rain;

Blue circle: Flashover marks on the fixing base of the Insulator;

Brown arrows: Fracture surface of the broken porcelain.
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SIEMENS 345 kV Bus Inspection (ST 19/10)

ENTERGY - Indian Point - 629 MVA - 3¢ GSU Transformer |  Fage 7/10

Picture 10: Further detail view of the fixing base of the Post Insulator
phase “B”,:

Red arrows: Foot points of the flashover which occurred on the post
Insulator, before they were wetted by rain;

Brown arrows: Fracture surface of the broken porcelain.

Picture 11: Detail view of the fixing base of the Post Insulator phase
“B"-

Red arrows: Rusty foot points of the flashover which occurred on the
post Insulator, after the occurrence of rain;

Brown arrows: Fracture surface of the broken porcelain.
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SIEMENS 345 kV Bus Inspection (ST 19/10)

ENTERGY - Indian Point - 629 MVA - 3¢ GSU Transformer |  Fage 8/10

Picture 12: Detail view of the fixing base of the Post Insulator phase
B

Blue circle: Rusty foot points of the flashover which occurred on the post
Insulator, after the occurrence of rain;

Picture 13: Detail view of the top of the Post Insulator phase “B”:
Red arrows: Rusty foot point of the top armature after the occurrence of rain;

ATTACHMENT 6_PhotoReport_345 KV BUS.docX lssuedby: E T TR — Miethke pate: December 22, 201010




PHOTOGRAPHICAL REPORT Attachment 6

SIEMENS 345 kV Bus Inspection (SPT 19;/110(;
age

ENTERGY - Indian Point - 629 MVA - 3& GSU Transformer

| Blue circle: Flashover traces on the porcelain surface of the uppermost shed. |

Picture 14: Detail view of the intermediate sections of the Post Insulator

phase “B”:
Blue circle: Flashover traces on the upper metallic piece installed between
porcelain sections;

Picture 15: Detail view of the intermediate sections of the Post Insulator

phase “B”™:
Blue circle: Flashover traces on the bottom metallic piece installed between
porcelain sections;
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Attachment 6
(ST 19/10)

ENTERGY - Indian Point - 629 MVA - 3% GSU Transformer | Fage 10/10

Picture 16: Bottom piece of the Post Insulator phase “B”:
Blue circle: Flashover traces on the porcelain sheds;

“B™:

Picture 17: Detail view of the bottom piece of the Post Insulator phase

Blue circle: Flashover traces on the porcelain sheds;
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=== Entergy

PROPRIETARY INFORMATION [Withhold from public disclosure] under 10 CFR 2.390

IPEC Security (Internal)
Incident Report

Date: // / 7 | 2e10

Employee Name: h . Mastooe) eThO Badge # 391
Contact Number: /3¢ - & 06"
Supervisor Name: __ 0QRrienJ Phone # 27/~ 702 &

Please provide a description on the events that transpired as you recall them. Try to answer
(Who, What, Where, When, Why) and any other i portant /nformatlon you ja ‘[ecall
As MoRle Uit 35 /ovtsive Patrol T Ang Jua + Lo a patrol

arh 3toped nT Lﬂ\e mamwcnte A e mindes Late—~ VR TA

So ,<OWU’-¥L.S)<\} /LM'fZJ\ Amu( riydelf _heardd an exPZoA/w /lP,Sa)
_I"_le«) Snw a4 Bn// Fhrﬂf I~ 7Ac KZAJ.S LJ/NJON (nx Bronjwn,;—
TweatpAyne +e sec more. There wny 20 acten/ Sine ;/Sufcx -
Wnut of‘ /ch GLAC)( Smoke Mowm ﬁ'om Nor’ﬂx 4-:; fow"“\

J:“vo4 "tpl«“d V’\/ "]\/h&/ﬂ\!} “lo Baye | TAnf JA'M& {cee Smafca Consny

F"O" T‘W WQTCR Mt"}t'/ /\/ouC A 4\:&4 n the T ) Z.«*(‘ T ny Dl;PAchcd
e oitky AN OGQICU pl{o wUu/o( Rine wiJN me "lo/nm‘lam*}f

’TLZ ,leurcx b~ /Lo CT‘? woTen metes HMovs &, /IJ('LNQ\ /
erc _Nnj I\-UTLIA\ uw.uun/ T/'m*l wd l“lcukfj /A /L&“}' AR e
The smoke  hnd npig v Thr Fime - U~ T 4C LT Mnuapet
And /arrn/(’r/( n'f* ovnt LoaA‘}mN wez‘}”\) }‘okﬂq UC‘ﬁmZAuk

[ine DPfAr'+h?a+'

Employee Signature% /e

/

February 24, 2004
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= Enlergy

PROPRIETARY INFORMATION [Withhold from public disclosure] under 10 CFR 2.390

IPEC Security (Internal)
Incident Report

Date: U / ) | 2olo
Employee Name: M. SO ve, s Badge # (Zf/?
Contact Number: 2.5 6. 067

Supervisor Name: YK 1 € Phone #

Please provide a description on the events that transpired as you recall them. Try to answer
(Who, What, Where, ‘Zen Why, % and any other /mpon‘ant information you can recall.
AS  uwi (LIEWI (VG A @ s

F@C(rum Yhe maiw 064/(’ T widhice N A
S g hit Trapt VO~ g0 mRle Ao s el
The Eloae (¢ Sk, <Sécondc Ly, Uue
u;[m/ﬂ Ao n /Wm:f 4y //-P/) quﬁl Qe o £<
ol Nhea 235  Cuallrd g %6 Gho Rgee
St Sragn. Yhe ' [ sfpur ) A e mlog gl

Employee Signaturemﬂ/// %L/(\__)

February 24,2004
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Human Performance Error Reviews
f/C _ Moy,
ATTACHMENT 9.2 INDIVIDUAL RECOLLECTION FORM

Sheet 1 of 2

Answer the following questions to the best of your ability based solely on your own recollections. Use
additional sheets and attach sketches as necessary.

1. What did you see, hear, feel, or smell that may relat tot incident? When and in what
sequence? Syn,nbeh Lke Th wuv}l!\
The, Sound wad WW Lt g) \]\\orcogtm afe_
%Q“H'W\d(\\ﬂ- Nw%‘/\wk VI %W%&k& o kT,

Wt awpared o b\*\dz/v
2. MO:;%S @é&%ﬁ%o the mc1den E

%wwhum\/ 15 pandes hsfps .

3. What caused you to be aware of the incident? J)

cubu*& %xf@ m UL X»an/\ \}m aeu,mfoku

4, What happened during the incident? ”
o‘\'Ed Y\/MK% WG M‘("\ch %-x
mo/\ FM , conprensd

g{\)@ ‘:l:‘\t% ﬁ‘t‘bﬁ.&?ﬁ: bsfion

5. What *}Dppen er the mc&ht” ?{a;:/\% M f)‘)reo«/wg“bm\

grc‘ch oA F

Fﬁ'&ﬁu\ @Mhﬁ,&gmw by agmist Lithh %W&"&&m« G E
’\3\ .

6. What were you doing before, during and after the incident (be specific)?

e ac

?M Lddorr. gcbies

EN-HU-103 REV. 3
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= MANAGEMENT
E,'fergy MANUAL INFORMATIONAL USE

Human Performance Error Reviews

ATTACHMENT 9.2 INDIVIDUAL RECOLLECTION FORM
Sheet 2 of 2

7. What actions did you take before, during and after the incident (be specific)? Cite times as
accurately as you can remember. If you do not know times, try to relate times of actions to

details of the i crden? a M’M’d/\ ‘D \
Beppre %M C(LW:}’ ; w@

’Duﬁ Y“La

813‘ at acﬁggmﬁse e othe yber eva tto the igcident?
— E)&m e ﬁ /\Q/U“M Ai‘:&& L@& LE%% anmlied to

‘%oé(dc{\

9. What procedures or documents do you c‘(éwsider relevant to the incident?

NagE - maown men Taled Mrs @M(

10. What consequences of the incident did you obse e’? U(
Doshay/ed Wm %Lwd \g! M
Sloon drein east SU @JD

Tme. oo afie A MM e wis bndden Cortitp |

11. What other information do you have relative to the incident that is b ed on your ow ersonal
iservat:ons or recollechons” “@M \65\5\3{1, o\\ V\AG«W\

Tedien pe . Velies dud ek gpencts pepecly ety

12. What error traps/precursors do you believe contributed to the inciden

(%Mcu/eww M&J@vw&w F Al WW"\J"(W

13. What HU Tools or defenses may have prevented the incident?

Nine

14. What do you consider to be the Lesson Learned from this incident?

Gend %WMQJZQ o dmu, na jlwdﬁs eﬁtqu' Manses
- a/w% &flﬁ

EN-HU-103 REV. 3
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Efl[@fgy MANUAL INFORMATIONAL USE

Human Performance Error Reviews

Koss Kol

ATTACHMENT 9.2 INDIVIDUAL RECOLLECTION FORM

Sheet 1 of 2

Answer the following questions to the best of your ability based solely on your own recollections. Use
additional sheets and attach sketches as necessary.

1. What did you see, hear, feel, or smell that may relate to the incident? When and in what

sequence? ’ w2 /
AT o The prh  entoee ha P e
RV VR A T hodall ot tap
g4 T (cetrc ':Ugg ﬂ((uu—’«vQ « éy/ ! _ Sl !
DeoComry  Lpes . {?CT—U&,_)C-«Q T Con & In *ng— Té« a/ 7 ‘\1(
2. What conditions existed just prior to the incident? . *f'WrAAM
e bt > con soadd
o ime,ﬁ.ai,cm,
y\u /
3. What caused you to be aware of the incident? f
> sownf /Jujj L”{ /}h’»
> Lighy fobw .
> ﬁmﬁ&/( A T 7o ST 7"‘7&Q \ U
4. What happened during the incident? I/ngg.;
S
2.4:& T
)
5. What happened after the incident? Z /(’77,4/15” ‘élw 4
(A JuS “ .
e To ,/“vcs?ﬁ ’t' P A ConSenTorn ol ©
D{(v’é,_, Ly Looled T 1{//%’(’,* coul L T fosle 2
: Mg before during-ard-afterthe-incide £
. , [  ferore o~ éu>°
g’ba(}, AN vse d, Ses AS Lhe, Ty L

EN-HU-103 REV. 3
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Human Performance Error Reviews

ATTACHMENT 9.2 INDIVIDUAL RECOLLECTION FORM
Sheet 2 of 2

7. What actions did you take before, during and after the incident (be specific)? Cite times as
accurately as you can remember. If you do not know times, try to relate times of actions to

details of the incident. ,, N
rported T o T s T I S Ao el fer.

. U
& Kallen s ASsiz L AL ,/%M‘Nﬂ T/ Con, e let e L ¢/ e

el ona-e. (. Mlie Lo~
8. What actions did you observe others take that may be relevant to the incident?

9. What procedures or documents do you consider relevant to the incident?
10. What consequences of the incident did you observe? When?

11. What other information do you have relative to the incident that is based on your own personal
observations or recollections?

12. What error traps/precursors do you believe contributed to the incident

13. What HU Tools or defenses may have prevented the incident?

14. What do you consider to be the Lesson Learned from this incident?

;Z_ Ax “é Pksfu i - NC(C& /'z?/;n(;\e’g\ §7 /T
L [ o &;{ 7z TQ
! ~C B U‘}("CQ} Could Lym gw NS

(//,qwf‘g ) EN-HU-103 REV. 3
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E NUCLEAR NON-QUALITY RELATED EN-HU-103 REV. 3
= MANAGEMENT
E n ,e'gy MANUAL INFORMATIONAL USE

Human Performance Error Reviews

ATTACHMENT 9.2 INDIVIDUAL RECOLLECTION FORM

Sheet 1 of 2

Answer the following questions to the best of your ability based solely on your own recollections. Use
additional sheets and attach sketches as necessary.

1. What did you see, hear, feel, or smell that may relate to the incident? When and in what
Sequence? Sis L Ly SIS o0 NS WP ALARMNS SN0 T AODaa

§

Fet THE T e af ;P«MB T osT  ARTE TWE T CEwIuT .

2. What conditions existed just prior to the incident? ..
juste 10 <%, ST e STaTE  OFP:RATTON

‘ R ™ Tost .

Hr RE  ooaw RAD T Come T AGLAIN aun T AL GGRR TO
e U- v SuPLeNIsoelty PRt To Tmutaoce oy, AS T LIAS AL vt o

- oo WIS

- C : Gy o ToRDOYLe | p e
b TO FRME SN [REY- TN RV Lop® LiPL Do TWE EyEnon OcC URAETD ]
3. What caused you to be aware of the incident?
DT o ComCusST o, NV Eaoyy  ALARSS D2 s OD0e.
A TeNE T ANE of Ty, JusT AR S B T ey T E T J RN T

(CEMESt ol TR PEETS

4. What happened during the incident? _
Geosapran,  TTRTFFED EvTeeCn B0 Cee f oled™ ACTIOUS
J
Fueg Lo oaDe DusPeTC trers: Too<  ACTTowt  TO SvalTozag
TRe O puT

5. What happened after the incident?
2 T Lo ——
- PrLocey <@ VENTTLAY=sL T o roon 3 RECERC

(Yl et o~ oel SDOR. DETEC~ED S) C Rl

6. What were you doing before, during and after the incident (be specific)?
- AEFoRT_- Lop oOfprTor.  PERFoernman SRTeT Toanoith /E;@S&b

3

WALk Do) W ET ONCore s PO TR T SweTeT .

S ~ 2 o ~ w— ~, < T Lo LOES
- \b'\)]z'*rs\é = TFERFORMmET v Cxot T OO0 Do P = RO ETD .
L= ; 3 =% FELT SEaoe ko
— POVATENTT PR T, D (SIS e TR e R TN T

. N . "Oe 1 3y 5.3 R
L ECAMDERY  BUSTLS  an VICESDERS Q“‘“‘f o anos ; =S
TRES M~ NPy 3

EN-HU-103 REV. 3
- T UNeED OvE L

P el SN PN -

N AT, ASD L DTS v O O - (oo
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== MANAGEMENT
Ef 1 ('?fgy MANUAL INFORMATIONAL USE

Human Performance Error Reviews

ATTACHMENT 9.2 INDIVIDUAL RECOLLECTION FORM
Sheet 2 0f 2 ,

7. What actions did you take before, during and after the incident (be specific)? Cite times as
accurately as you can remember. If you do not know times, try to relate times of actions to
details of the incident. <.

— COonNTROLLEN G SBox FEED T o [ AN SN . W
- SszcorTNg SECoNHRAR] SHSTE s ( & / GE Mo TroR | P STiae
Toorecd 5. )

LEYELS

8. What actions did you observe others take that may be relevant to the incident?

9. What procedures or documents do you consider relevant to the incident?
- &-0
Fxpe PLAND
- £oOe
10. What consequences of the incident did you observe? When?
- Pirws e
- SravIen Pux
N B PoST AETWETD T aks
11. What other information do you have relative to the incident that is based on your own personal
observations or recollections? ‘ '

TAE  NARGEL.  YaAans 0P - DA xTopmga

— S EC o CECLOTxow OLCORAET < 0rmE T et
O\ €0 Padty WIS ee o E PO ON Xean, g DUE  To FeLawn
SLARMS GoTNG  OLEE T CTWE QO

12. What error traps/precursors do you believe contributed to the incident

13. What HU Tools or defenses may have prevented the incident?

14. What do you consider to be the Lesson Learned from this incident?

EN-HU-103 REV. 3



NUCLEAR NON-QUALITY RELATED EN-HU-103 REV.3

= MANAGEMENT
Ef? ter: gy MANUAL INFORMATIONAL USE

Human Performance Error Reviews

(COSeNTAWND)

ATTACHMENT 9.2 INDIVIDUAL RECOLLECTION FORM

Sheet 1 of 2

Answer the following questions to the best of your ability based solely on your own recollections. Use
additional sheets and attach sketches as necessary.

1. What did you see, hear, feel, or smell that may relate to the incident? When and in what

A B ~ -
sequence? LouDd “TaumpP Flim TaANS Lorondd (e AT T <
OF TP

2. What conditions existed just prior to the incident? ‘j’u§ 7

(e penmol RF AART WAS ALCPWRD

proor To E ST

3. What caused you to be aware of the incident?

See # ABoVE

4. What happened during the incident? . o - F
71 Mgt TeANSTIONT PRI T yNVI=T TR

5. What happened after the incident? |
Utan Al plat Ty 25 (o S Ui T A
Y oy P 7[&1? MC )74,{;)
i er J{{; ;‘1/1495 “ 5{2’50/\!5”%/ C%/‘)(;f; oS 1¢ oS

CnAng ¢! ANV Ny N

6. What were you doing before, during and after the incident (be specific)? 1/ 7 (/1< [z 5 0
& . _

W AP u&‘ﬂ o~ ladn — AR Tufre Ul

e # S, T "") 1Y
Acier T = ReSporndn T TEW )

: ; ) C T A
"i/ff,ﬁfb%*t[u?\«{v\liﬂ A L‘éka, ..

EN-HU-103 REV. 3
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Human Performance Error Reviews

ATTACHMENT 9.2 INDIVIDUAL RECOLLECTION FORM
Sheet 2 of 2

7. What actions did you take before, during and after the incident (be specific)? Cite times as
accurately as you can remember. If you do not know times, try to relate times of actions to

details of the incident. )

ReS(umsliTo @St o 1vEm T

8. What actions did you observe others take that may be relevant to the incident?

9. What procedures or documents do you consider relevant to the incident?

%L/ A
[4
10. What consequences of the incident did you observe? When?
O o QAMAYC T TRA AL o2 o
v Sulldounbevy A s

11. What other information do you have relative to the incident that is based on your own personal
observations or recollections?

oM 9F Sig w IRT T

12. What error traps/precursors do you believe contributed to the incident

RO GAMM TO T

13. What HU Tools or defenses may have prevented the incident?

toy catlny 7o gl

14. What do you consider to be the Lesson Learned from this incident?

“fdﬁ zgmu/& TJTYL ( /

EN-HU-103 REV. 3
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MANUAL INFORMATIONAL USE

Human Performance Error Reviews

ATTACHMENT 9.2

Lolee H%Z(g{éﬂ

INDIVIDUAL RECOLLECTION FORM

Sheet 1 of 2

Answer the following questions to the best of your ability based solely on your own recollections. Use
additional sheets and attach sketches as necessary.

1.

6.

M) velen oy

What did you see, hear, feel, or smell that may relate to the incident? When and in what
sequence? rzcieved Av QF AAPM, SEows CATEL S ceaET ofl

U Xl moments laier qu oFFtoivs RO RETLWE] 1O THE
e ) REPATED  Go BePlosion im The Fvanshorwner yave/  THELE WTS
A SmoriEy o0 w THE cC6)

What conditions existed just prior to the incident?
Jood? Ponev. pormal Comclirions

What caused you to be aware of the incident?
FIRST our ALARM  [on JHE 7LD

What happened during the incident?

, , 54 Y
eait=sv TRPE), AP HaVEFER HAAl of o 24 A

What happened after the incident?

/ 7 /}9‘ ff? % %
) . : A (1D 7 57 78>
cwried ov E-o £4-0 ) 101 5. 2 AN GO
A

What were you doing before, during and after the incident (be specific)?
Tallen The wdgrid AW wws JURY TELIAL

ULpanZD privives  Pusiat A0 ST TE Bzl ©4pn B0

AP AT WA PRecenine(

EN-HU-103 REV. 3
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Human Performance Error Reviews

ATTACHMENT 9.2 INDIVIDUAL RECOLLECTION FORM
Sheet 2 of 2

7. What actions did you take before, during and after the incident (be specific)? Cite times as
accurately as you can remember. If you do not know times, try to relate times of actions to

details of the incident. j§h5 g vvied ol B-E

8. What actions did you observe others take that may be relevant to the incident?
GPRANATE  pumn i DIHTE. AeTionS

9. What procedures or documents do you consider relevant to the incident?

g-0, gsol, fof 5L

10. What consequences of the incident did you observe? When?
[ReactoR i, Wmmini#EL]

11. What other information do you have relative to the incident that is based on your own personal
observations or recollections? N TE

12. What error traps/precursors do you believe contributed to the incident
Az

13. What HU Tools or defenses may have prevented the incident?
fwff/g,

14. What do you consider to be the Lesson Learned from this incident?
TS K2 Ean™

EN-HU-103 REV. 3
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Human Performance Error Reviews

ATTACHMENT 9.2 INDIVIDUAL RECOLLECTION FORM

Sheet 1 of 2 }<€‘};£‘a\ /‘/13/(9 AA e ”/g‘//p fice Brﬁc;cje, /eqafe./“

Answer the following questions to the best of your ability based solely on your own recollections. Use
additional sheets and attach sketches as necessary.

1.

5.

What did you see, hear, feel, or smell that may relate to the incident? When and in what
Sequence? oy Cogets ";ti({"{{—f 53’)0 ;{xsf'::\( /j j(}’ u.j l> Gy @ ﬁf‘r[u C){! "";’\? g T

on Norih ead  of s bhine Hall jj izv’ww' o C(R aad was

\m@orw\e(f 4'1\::@ fz\f.fé WA S e <"‘~f[ Sren A dlans {%/M //[Cf
4

What conditions existed just prior to the incident?
100 Joer? s

What caused you to be aware of the incident?

/'c‘mJ /:)Cu,«\j /f/,!jlfg cwT On

L
e

What happened during the incident?

}‘\5" c ¢ fof /f/ fo - [:)/ ~ € FF O
i/

What happened after the incident?

/»';t 5} 5@4"\1 2 / o :r’( (/;/é)/

Ll Tivard e,

6.

Below
- SV NN W s P
Dmiw\j L Ferdse mels Detres o5 [lcoig

tg?’é’

<y

N AN

What were you doing before, during and after the incident (be specific)?
ek Hocthe oy o rh {*S,%//q

s’{c’jé’ L(,}Ci(j?/

D{"Sé wvi 6 ,;\\7

P

i . / s ~ / " A Vet »g',/~' ¢ ”“(7(' fj ';,e
WSS g '\W?n,«(/ﬁ\ TEA A ;;:ref! NN TR I R g R e« 5f

o
A P r
.

EN-HU-103 REV. 3
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Human Performance Error Reviews

ATTACHMENT 9.2 INDIVIDUAL RECOLLECTION FORM
Sheet 2 of 2

7. What actions did you take before, during and after the incident (be specific)? Cite times as
accurately as you can remember. If you do not know times, try to relate times of actions to
details of the incident. ‘

b&r:&? - E};»{'C"( T‘é’cf ;Lg( ggfu/g ‘9{: //0)’5’ /1}185 7o a/ﬁ’f/i'[ ﬁfi’ffit'\_ ;ﬁ;&.m bre) 2["’\?’

$ Sy Vever Delus @
Fd
8. What actions did you observe others take that may be relevant to the incident?

Me e
9. What procedures or documents do you consider relevant to the incident?

K’fé “[{ ‘e {:) (q .

s

10. What consequences of the incident did you observe? When?

;J I ,v\»/‘ Q.»

i

11. What other information do you have relative to the incident that is based on your own personal
observations or recollections?

/

12. What error traps/precursors do you believe contributed to the incident
Mo 2

13. What HU Tools or defenses may have prevented the incident?
/f\/j o e

14. What do you consider to be the Lesson Learned from this incident?
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ATTACHMENT 9.2 INDIVIDUAL RECOLLECTION FORM

Sheet 1 of 2 Ojf/é//ﬁz’fo ;C?u’/“/

Answer the following questions to the best of your ability based solely on your own recollections. Use
additional sheets and attach sketches as necessary.

1. What did you see, hear, feel, or smell that may relate to the incident? When and in what
sequence?

f—/j Z F o Ataem (59259 A CpMmE P g AN SEconP 5
CQT//%Z- un T /ﬂg{pfgg.
p 2. What conditions existed just prior to the incident? oo /9) o
"4 D £ “ , ¢/ DI eg I E
[l RF Sioyic  AeAe™  yas gF DETY EAR yAR Ses
Uu T fﬂ/ /00% P@wﬁ/& Hlc oD 177w s /\,/5@7/42_

3. What caused you to be aware of the incident?
Iwi T TR OFF Gowe Ko (wHo S700D
Noece oz wAT [PETRMED  x JEAR7E) a7 T s s

AN ExPiogey v AML VARD.
4. What happened during the incident?

’4(@ gy el SysTENS  JIE ST e RS JEI D
Meewmie  mAZY Coud T76n5s

5. What happened after the incident?
i ] T NGT 7ot/
Bl 4DE Kes SnosE, AT N7 7Aoo T

6. What were you doing before, during and after the incident (be specific)?
STADING AT FrigwT GANE e Be

;ﬁ [//Z;UQ W (EP G D /’/(? f /;’C f%’ﬁ’?,
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ATTACHMENT 9.2 INDIVIDUAL RECOLLECTION FORM
Sheet 2 of 2

7. What actions did you take before, during and after the incident (be specific)? Cite times as
accurately as you can remember. If you do not know times, try to relate times of actions to
details of the incident. (434

JMPLEMTED  F-0 g ol

8. What actions did you observe others take that may be relevant to the incident?

DR ™ Loow T (yas (Now MR Mg [fE1ma2Y L AT

9. What procedures or documents do you consider relevant to the incident?

Fiee (zscpse

10. What consequences of the incident did you observe? When?

b fUE

11. What other information do you have relative to the incident that is based on your own personal
observations or recollections?

fUbE

12. What error traps/precursors do you believe contributed to the incident

13. What HU Tools or defenses may have prevented the incident?

N B

14. What do you consider to be the Lesson Learned from this incident?

22,

2 )
NT A1 s4  Prss BLY  JlwdeEDd e B8R a0x
Lo S Pppig =
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Human Performance Error Reviews

ATTACHMENT 9.2 INDIVIDUAL RECOLLECTION FORM

Sheet 1 of 2

Answer the following questions to the best of your ability based solely on your own recollections. Use
additional sheets and attach sketches as necessary.

1. What did you see, hear, feel, or smell that may relate to the incident? When and in what
sequence? (v Levd Buonu’ x> DL o preed
@ Fwovu7 S
@ dfvb:}; vi§<§}¢7 214l N

2. What conditions existed just prior to the incident?

Menhate LT of Nte ovdatvmey, . Nb 3c6nv3 oo HE M Conet G
AL T- 7

3. What caused you to be aware of the incident?
/,4)( Levd " Bozn” Sermd , Dbt Ng Pl Dﬂ(’/’«i’lc{ . nre ol
MeiT

4. What happened during the incident?
nee Aowat Nipfed - GD“D“P&Q Ganrered  fn e Trmsfriey,
g~/="N”/d {0 Coutivyf Sihaapren

. " o ; ;
5. What happened after the incident? — T shwed e Gz T o T T A}

ot onmgq . iy R
O ;’L;LQ_' 53;,423;‘43{( AL b,,x#fs CM{C’LL«(} T\/\VUS)

6. What were you doing before, during and after the incident (be specific)?
s R Po i e

L had NST Avnved @ ~Op2S Erv nps shavT o€ e y

S 7 - T I >
SUHT T ifad SaT dencsu Lol NE cord Paoving g et

/ ) 19 ) ) N .
af - AT ev PR o e WP ok B

PR A
COR MEIT 2ne s Do Spitlaer 4 1

(Ve At 2 ade Pis ) i :
i “] 0 whgarde PPs — {Qz ceecded 0 Tpiitzice, o7 gy L
ASSUHA ¢ o b Al e

g Sirvir e ( Goes b ) EN-HU-103 REV. 3
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Human Performance Error Reviews

ATTACHMENT 9.2

INDIVIDUAL RECOLLECTION FORM

Sheet2 of 2

7. What actions did you take before, during and after the incident (be specific
accurately as you can remember. If youd
details of the incident. ~ 4o -~ A e daT G2 comed

8. What actions did you observe others take that may be relevant to

N e

9. What procedures or documents do you consider relevant to the incident?

)? Cite times as
o not know times, try to relate times of actions to

T Dresged eT ;%g re.
Proccded G TVAvsEreod o ave - AsSard C dpsES Aeri6s  @nter L
Ar2rle W, UV M gae T Dl — Gt deihibersr t04s AETe
CZK{'V*YL s Seoveed |

%«GPB; = Fx/,f,(?c?(;sszu Wbﬁ\/b;/b ANa |

10. What consequences of the incident did you observe? When?
follvnl e ’%fvymlx Nebhacs  Vsual ghsiasy hey o
, ) o

Z1 M Vans fraws dvamag e cervdia e em <’

the incident?

11. What other information do you have relative to the incident that is based on your own personal
observations or recollections?

N VWAL

12. What error traps/precursors do you believe contributed to the incident
e z ‘ '
- (ossibate o poeaT P lor4

13. What HU Tools or defenses may have prevented the incident?

4 A 1
e G
Fim e d

14. What do you consider to be the Lesson Learned from this incident?
-AewEd (e T 7;@4/ G rvacd {:‘zfmuf,fzj —/ bfkj b Gt/ {W{’//u

’/%/)/ {”%1’{’2// ﬂ YA VW G L= v e VAN O AV eV B L — {%qz, SLM"’@FQ /
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ATTACHMENT 9.2 INDIVIDUAL RECOLLECTION FORM

Sheet 1 of 2 P A
S oAAREC

Answer the following questions to the best of your ability based solely on your own recollections. Use
additional sheets and attach sketches as necessary.
1. What did you see, hear, feel, or smell that may relate to the incident? When and in what
SCUENCO? iy AT poqiies Perae (oSS~ ]

— DA , L
L SuUtAAL Gcodds 9 GOHT M A e ave

— JNTT TUE A ALt VP

2. What conditions existed just prior to the incident?

JeS A Apdnr — fO T ) AP ATIONS

3. What caused you to be aware of the incident?
The Spurs pr A FASCTide TAGU SRS

4. What happened during the incident?

LArenen £-0  Lor Al 0Ff SAone S ms) s
FA0H DFPGomy. O, Jrsiicied 7o 8L a0e,
SECOAD  JAFPANGC c%’)é/;f"’(o‘*,{f@w O ¢ & CrzotreD

5. What happened after the incident?

50l feco c/€%7/ 00 (Lo

6. What were you doing before, during and after the incident (be specific)?

//f; é}/%{)ﬁ WAl AIedb e A f;/gg/t//j: / OIS A 700 T
/
D SIArcrd  Fee y,uSsAose.
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ATTACHMENT 9.2 INDIVIDUAL RECOLLECTION FORM
Sheet 2 of 2

7. What actions did you take before, during and after the incident (be specific)? Cite times as
accurately as you can remember. If you do not know times, try to relate times of actions to
details of the incident.

&oF Lol

8. What actions did you observe others take that may be relevant to the incident?

N4

9. What procedures or documents do you consider relevant to the incident?

g/@ £S 3.0 ol 5L

10. What consequences of the incident did you observe? When?

— Yol A0OM] L TenF | AT e pelittgen Al X7
o /

11. What other information do you have relative to the incident that is based on your own personal
observations or recollections?

NPE

12. What error traps/precursors do you believe contributed to the incident

2

13. What HU Tools or defenses may have prevented the incident?

e,

14. What do you consider to be the Lesson Learned from this incident?

e
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ATTACHMENT 9.2 / INDIVIDUAL RECOLLECTION FORM
/

Sheet 1 0of 2

Answer the following questions to the best of your ability based solely on your own recollections. Use
additional sheets and attach sketches as necessary.

1. What did you see, hear, feel, or smell that may relate to the incident? When and in what
sequence?

— ule i Tle Ocp 57{6@ Sézg(]‘ S }21:{:2:{;& e

T booe <0 Gl Soes Tle (2 Gl (:§’A~é,7

go o |
2. What conditions existed just prior to the incident?

[ OO&/@ PW

3. What caused you to be aware of the incident?

e T ) Ghooe

4. What happened during the incident?
T comnap Az, Tle. Qm)i[*za/ oy ool ClS{a%e/m ED
Kele

5. What happened after the incident?

6. What were you doing before, during and after the incident (be specific)?

8&%@ “’ﬂ’z?{l:&-izj 78 O e §2%’74 {4?;:{7

A _ = o -
Ut f.g;-(f} e Q ;/“ @55,55 TégOUC;; L, 7’/@ //’/’;‘/}/é;d
i /g+eK - g}‘:f iy A &,»{//? ‘g’CL ;{: s /f%&?‘/‘fy"}’" .
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ATTACHMENT 9.2 INDIVIDUAL RECOLLECTION FORM

Sheet 1 of 2

Answer the following questions to the best of your ability based solely on your own recollections. Use
additional sheets and attach sketches as necessary.

1. What did you see, hear, feel, or smell that may relate to the incident? When and in what
sequence? 5

10 omve SioF SHoP tovd Boom
W BOUCSOOG  SUAMAT

2. What conditions existed just prior to the incident?

(007, — A0 ([SSUE R

3. What caused you to be aware of the incident?

Reow

4, What happened during the incident?

Oncr th

5. What happened after the incident?
Do STAYRS 72 PPe D vzt A
Foée 2l Ao
6. What were you doing before, during and after the incident (be specific)?
B&%L& _ Phdrll TAGouTS
DoLASC -~ WATOHOGE (UK € LTA TS

AZCT’«’?;;{» b éﬁ@:}?,{}& /() b

TREE ¢
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Human Performance Error Reviews

ATTACHMENT 9.2 INDIVIDUAL RECOLLECTION FORM
Sheet 2 of 2
7. What actions did you take before, during and after the incident (be specific)? Cite times as

10.

11.

12.

13.

14.

accurately as you can remember. If you do not know times, try to relate times of actions to
details of the incident.

C ALc £ qt ol OFS(TE_ FAE 1\5&57&

X 1900 wi ]

What actions did you observe others take that may be relevant to the incident?
ROl A EMEMNESQS  aPEMTSG
oeeNIES — JUs;T Like ZEALIAG.

What procedures or documents do you consider relevant to the incident?

Eo/ ¢

What consequences of the incident did you observe? When?
Ao &

What other information do you have relative to the incident that is based on your own personal
observations or recollections?

Llosd e

What error traps/precursors do you believe contributed to the incident

Mo .

What HU Tools or defenses may have prevented the incident?
IO ow

What do you consider to be the Lesson Learned from this incident?

AORIE
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PROPRIETARY INFORMATION [Withhold from public disclosure] under 10 CFR 2.390
IPEC Security (Internal)

Incident Report

Date: U/ /") | loto
Employee Name: 7/2. 19 ¢, ¢4 Badge # qs5
Contact Number: 7.3 é- % 06.7

Supervisor Name: ¥ i~ R a Phone #

Please provide a description on the events that transpired as you recall them. Try to answer
(Who, What Where, W zen Why, ; and any other /mpon‘ant information you can recall.
AS  uwi (LICWI (MG (R @ e

EACimy Yhe g o gwlf T ndhice N A
Seia Wl  Crapl Oy g0 (C mRle Ao msidrc
The Kiwe lC S/, Sbeon (e lagf, Cho
(A//J‘)/ﬂ JAT /Wmf = /e 7] WIH Q1 o £<
94 %f’m 33’ C il D gt Y- Q/4~€ A e
SHFur L g T = [l sLL st /) el sl o v

Employee s:gnaturecﬁw / / /ﬁ /C/(\_/)

February 24, 2004




Attachment X

Equipment Failure Evaluation

CONDITION REPORT:

IP2-2010-06801

EQUIPMENT AFFECTED:

EQUIPMENT (COMPONENT) ID: 21MTRFR

PROCESS SYSTEM CODE: 345K

UNIT

10 2X 3] c[]

EDB PMO CODE: 3

TAG NAME

21 MAIN TRANSFORMER

TAG SUFFIX NAME

HCHM/NS

COMPONENT CODE

TRANSF

. Verification Of The Correctness Of Criticality Classification:

YES

NO

a.

Is the Component Classification correct per EN-DC-153,
Attachment 9.3, Section 1?

X

[]

Is the Component Duty Cycle correct per EN-DC-153,
Attachment 9.3, Section 27

X

[l

Is the Component Service Condition correct per EN-DC-153,

Attachment 9.3, Section 3?

X

[l

. Adequacy Of System and Component Monitoring:

YES

NO

N/A

For condition monitoring performed under the System
Monitoring Plan per EN-DC-159 or the Component
Monitoring Plan per EN-DC-325, are the appropriate
parameters being monitored at the optimum frequency to
detect the degradation mechanisms/influences that
resulted in this component failure?

As documented in the RCA, the mechanism that caused
the failure (electrical treeing) is not detectable through
condition monitoring. The electrical treeing was only
evident upon bushing teardown.

If not performed, should it be?

If performed, is the monitoring and threshold for action
adequate?

L0

L0

XX

If performed, is there improvement needed in collecting or
trending the data?

[]

[]

X

10f4

Equipment Failure Evaluation
EN-LI-119-01, Rev. 0




Attachment X

. Adequacy Of PM Program:

YES

NO

N/A

a. Does a PM task exist?

b. Are the PM tasks adequate to defend against the

degradation mechanisms/influences that resulted in this
component functional failure?

As documented in the RCA, the mechanism that caused
the failure (electrical treeing) is not detectable through
preventive maintenance. The electrical treeing was only
evident upon bushing teardown.

L

LI

X

. Is the PM task content adequate? |s the content
consistent with the current PM Template?

[]

D

. Is PM frequency adequate? Is the frequency consistent
with the current PM Template?

[]

X

. Is the current PM Template adequate? Is the content
consistent with the current EPRI PM Template and/or
industry guidance?

X O O

[]

[]

If a PM Change or PM Deferral was previously performed,
was it a causal factor in this component failure?

[]

[]

X

. Was applicable PM feedback adequately implemented?

[]

[]

D

. Adequacy Of Predictive Maintenance:

YES

NO

N/A

. Is the Predictive Maintenance (PdM) tasks performed per
the EN-DC-310 Predictive Maintenance Equipment List
(PMEL) adequate to detect the degradation
mechanisms/influences that resulted in this component
functional failure?

As documented in the RCA, the mechanism that caused
the failure (electrical treeing) is not detectable through
predictive maintenance. The electrical treeing was only
evident upon bushing teardown.

. If not performed, should predictive maintenance tasks be
initiated?

[]

]

D

. If performed, is the monitoring and threshold for action
adequate?

[]

[]

D

20f4

Equipment Failure Evaluation
EN-LI-119-01, Rev. 0




Attachment X

. Adequacy Of Work Practices: YES NO N/A
. Was the Work Order instruction scope, content and detail ] ] X
adequate?
. Were the maintenance practices appropriate and ] ] X
acceptable?
. Was the Post Maintenance Test (PMT) adequate? Was it ] ] X
performed?
. Adequacy Of Design And Operation: YES NO N/A
. Is the design of this component appropriate for the ] X ]
application?
As documented in the RCA, the root cause for this event
is a Vendor Design/Manufacturing Deficiency.
. Are the operating procedures and practices appropriate? X ] ]
c. Was the component operated within design? X [] []
. If a Design Change was performed: ]
e Was the Design Change adequate? Is the X ] ]
component appropriate for its
configuration/application?
e Was Design Change implementation adequate? X ] ]
. Adequacy Of Parts: YES NO N/A
a. Were parts availability and quality adequate? ] ] X
b. Was Receipt, Inspection, and Storage adequate (ex. ] ] X
Environment, Shelf Life, Control of Scavenged Parts,
Storage PM)?
. Were there Vendor quality or workmanship issues ] X ]
(manufacturing defects)?
While it is possible that there was an initial defect in the
bushing that started the insulation breakdown, the
presence of the electrical treeing is what lead to the rapid
and complete breakdown of the insulation system.
. Was Procurement adequate (ex. Specification, X ] ]
Equivalence)?

3o0f4

Equipment Failure Evaluation
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Attachment X

8. Adequacy Of Long Range Plan: YES NO N/A

a. If the failure is attributed to an aging / obsolescence concern, ] ] X
is the EN-MS-S-013-Multi Long Range Plan or Life Cycle
Management Plan adequate?

b. Are Site Integrated Planning Database (SIPD) related items ] ] X
adequate?

c. Are they appropriately prioritized, scheduled, and funded? ] ] X

d. If the SIPD item was deferred, was the deferral a causal ] ] X

factor in this component failure?

Coding:

INPO PO&C Code(s): | None

INPO Failure Mode(s): | FM38 — Short Circuit

AP-913 Cause Code(s): | 601 — Vendor Quality or Workmanship Issues
(Manufacturing Defect)

Comments:

4 0of4 Equipment Failure Evaluation
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