o > N =

ATTACHMENT 4
Training Material on Diesel Generator Malfunctions

Contents

LP85114: Circuit Breakers; 480 Volt and Below, Rev 009
LP85115: Circuit Breakers 6.9 and 4.16 KV, Rev 005
N-CL-OPS-262001: Auxiliary Power, Rev 012
N-CL-OPS-264000: Diesel Generator Diesel Fuel Oil, Rev 006
N-CL-OPS-DB-420001: Loss of AC Power, Rev 001



r- 4

== Exelon Generation.

Course/Pfo gram: | ILT/NLO/LORT ' Modﬁle/LP' ID: LP85114
Title: 4 ©CIRCUIT BREAKERS; 480 VOLT | Course Code: | N/A

AND BELOW
Aﬁthdr: B.D. Lewis Revisién/De;;ce: 009 / 6/29/18
Prerequisités: None Revision By: M. Beeler
Responsible éite -| Clinton Power Station Est. ;I‘eééh Time: 3 hours

‘Qualified Nuclear Engineer N/A N/A
Review (If applicable): Date:

‘Training Supervision Review: R.J. Frederes /S/ Date: | 07/03/18
(Pr__int‘na'me / Signature) ‘

.Program Owner Approval.:. Richard Champley /S/ Date: | 07/11/18
(Print name / Signature) .

e I - o ; o KR

i ) o _ TABLE OF CONTENTS Pg. #
1L INTRODUCTION .oisiiintiernsmesesssssasserareasssssesassassesssessssssssssssssassssssssssess sene 1
A, OVERVIEW OF TRAINING SESSION ......cceuetriueereuestserstnrsmssssstesorsesessesnssssssessssssessssssnssesmsensssssssssessssnstasssssssssasssosssssessssssessessssosss 2
IL  SYSTEM PURPOSE w..coeiieiiiceniccnsnisinersessesesesssssssssesessssssssssssessssasssessssssesssnsesassssssses sesssesssssssssssessasssssssesssssssssenessesessssssnsmsns 3
AL SYSTEM PURPOSE.......oitiiieuiiicaeueaetreetstesesrnastesestasatassesss e sssessseasesess st sesses e taesnesaesseaseeestasassstessaseeseseseeseeessemeeseseseeeses e 3
B, DESIGNBASIS ...ooutiti ittt seeae et seasas s ass st st sttt et ss st nt e et st et eeeeae e e s s es e s asassssessseses s s asse e seseseeesee e ses e se s anes 3
II1. SYSTEM FLOWPATH(S) 4
1v. COMPONENTS 5
A, 480VAC SUBSTATION AIR CIRCUIT BREAKERS (K-LINE)........oevuemuiuceiimeeeuseneseseeeaeeeessssssassesssessmesssmssessessssesesssesesseseseseseens 5
B.  480VAC MCC DISTRIBUTION BREAKERS. .....c.cvviteueteseteriresesesnssessitsessisassssstasssesesssssesssassessessssssssessssesssssessssssssssssesessasssssss 10
C. T20VAC DISTRIBUTION ......orrueeernisraeesiseeseasesentasssasassasassesssssnssesssssssassssssasssssssssssssssssesasssssssessssssassssssssssssessssssssensssentessssssns 13
V. CONTROLS/INSTRUMENTATION/POWER SUPPLIES.....cceeteeeerssnsasecsnesens 15
A, K-LINE CIRCUIT BREAKER CONTROL..cucuumsurriirransesserersesrasssessssosssssessssssssssssmmsseasossssessnssssasssassssesassssssssesssssssssssssosssssesesesos 15
B.  POWER SHIELD SOLID STATE OVERCURRENT TRIP DEVICES ......ovoivveeeeeiectesseeneeeeessseessssesssassesssesssesssoresssesesssssesssesesse s 16
Co SHUNT TRIPS ..cootvetieitisii e siec ettt sass b b bas b st et s sa b tas st et s eassestass et oeneeemeseeseamms s saseseesnsassaseesee e essoeeeseseenssess 17
D.  SIGNIFICANT ANNUNCIATORS ....ccoovtetreneurivetetransenrassssstissssonnssnsasssssissessssssssssssnssssonssssessnsesssssassssesessesessessssssssssssssssesssssessssnes 17
VL INTERRELATIONSHIPS 18
AL SUPPORT SYSTEMS ..ouuieiiriucuiureeseasesteraesesse st stessarsssstessssnsassasassasasssosssssssssssiassstsenssnseessesssssssseessssassesessesesssssssessasesesssssssssaes 18
B, SYSTEMS SUPPORTED .....ccuvcvureeurursreesturnrrsstsssnsnsasessssasssssssssssssasssssssssssnsesssssensasssssessssssnsssssssssssssesnsesesssssssssssssssessseseseess 18
VIL TECHNICAL SPECIFICATIONS 19
A, SAFETY LIMITS c.ovuruerureererrsraremseeeesssesersseessessssssesassessessesenns e et b et et ettt e neeesmeteeet st e e eeeese s ees s 19

© Copyright 2007 by Exelon Nuclear, All Rights Reserved. Permission for reproduction and use is reserved for Exelon Nuclear.
(Any other use or reproduction is expressly prohibited without the express permission of Exelon Nuclear.)

LP85114, Rev. 009

SRRS 3D.126/3D.111: Retain approved lessons for life of plant OR Life of Insurance Policy + 1 Yr for RP lesson
plans. May be retained in department for two years, then forwarded to Records Management.



»-— 4

== Exelon Generation.

B.  LIMITING CONDITIONS FOR OPERATION (LCOS)...ccueirrtnrrerercrentssrssssessestessessessessessessassessesesssessessssssensensssseessssassessessessessesans 19
C.  OPERATING REQUIREMENTS MANUAL (ORM)......ccuivieerrerreeriresseseeseesasssesssesseessessressesssessesssessessassessissessessessssssesssssnnsssassssnnes 20
VIII. OPERATIONAL CHARACTERISTICS 21
A PRECAUTIsz AND LIMITATIONS ...cciitiuieaitririnreertseereeratesssessssassasssssessnsssessrsessssnesssssessesssssesssssosssessssssrsssassessossessnsnessssnsssassnsans 21
B PERSONNEL SAFETY ..oeeuveeeitieeeeieeeriessnresstasseessesssasssssssassssssessssssessessesssesssssssassssssasssossssssssssssssstssssssasesstersesssesssensassssessnsssssessne 21
C MANUAL OPERATION 480V SUBSTATION BREAKERS ......ceeevvieitrisiesserissenreseessessesseesessessssssesessssesssesesssessssssssassossessossessassnsessens 22
D. RACKING 480V SUBSTATION BREAKER ......cccoiiieieeeetioteeteeerectesstesresseesesssesesssesssssentessnsssesesssesnseesssessasssssnessnuesssssmmesssssssssssnsnes 22
E EMERGENCY OPERATION OF 480V MOLDED CASE BREAKER ......c.ucecuiviurierieierissrissiesstossesssessssssssstossessesssessssssssssossesssessns 25
IX OPERATING EXPERIENCE (OPEX) 28
A.  GENERAL BEAKER FAILURES ....ccottetieiteeieettcineiteesseerseessessesssesssestessssssssstesesstssenesssessases stasessesnsesnstesessossssesntsenstessuesssesesnessosees 28
B NEAR MISS: BREAKER NOT RACKED ODUT .ecuceteeirererieienirneeiesesieessssesesseessesssessssssessssssesses stsssssssessssessonssssassessssssesssssssssssnes 28
C BREAKER RACKING OPERATIONS ......ccceiitererreerirsesseestessessiseestessesessessessessesssssssansssssssssssssssesssisneestensensensansessessesssensesssesnesnaessnes 28
X. CONCLUSION/LESSON SUMMARY 30
LP85114, Rev. 009

SRRS 3D.126/3D.111: Retain approved lessons for life of plant OR Life of Insurance Policy + 1 Yr for RP lesson
plans. May be retained in department for two years, then forwarded to Records Management. ii



y- 4

== Exelon Generation.

OBJECTIVES
The trainee shall:
! Objective # | Objective Description i SRO- |' RO NLO- | STA |- Pg# :
d1.1 Recall the purpose and design basis for X X X X 3

Low Voltage Breakers while operating,
or on an exam in accordance with the
USAR and procedures/student text.

.1.2 | Not Applicable.

13 Trace the control circuit for 480VAC X X X X 15
Substation Breaker on the appropriate
Electrical Schematic for opening &
closing operation while operating the
system, performing an out of service, or
on an exam in accordance with the
student text:

1.4 Recall the function, theory of operation,
interlocks, trips, power supplies and
characteristics of the following Low
Voltage System breakers and relate
these items to local and remote
operations while operating the system
or on an exam in accordance with the

student text.
.1 480v Substation K-Line Breakers X X X |ox 4, 16,
17
.2 480v MCC Molded Case Breakers X X X X 10,17
.3 220/120v Distribution Panel X X X X 13
Breakers
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| Objective# | Objective Description | sro | Ro | Nwo | sta || per |
1.5 Recall the physical location to access
and operate the following Low Voltage
System breakers and the associated
local/remote control devices during
normal system operation, emergency
plant conditions, or on a written exam
in accordance with station procedures:

.1 480v Substation K-Line Breakers X X X X 6,8,9

.2 480v MCC Molded Case Breakers X X X X 11, 12

.3 220/120v Distribution Panel X X X X 13
Breakers

1.6 Given a status of the following Low
Voltage System breakers, recall the
physical location of local indicators and
describe the expected indication for the
status while operating the system,
during abnormal conditions, or on an
exam in accordance with the student

text.

.1 480v Substation K-Line Breakers X X X X 6,8,9

.2 480v MCC Molded Case Breakers X X X X 11, 12

.3 220/120v Distribution Panel X X X X 13
Breakers

.1.7 | Not Applicable. N-CL-OPS-262001
.1.8 | Not Applicable. N-CL-OPS-262001
.1.9 | Not Applicable.

.1.10 | Not Applicable.

1.11 Recall the conditions/setpoints and
associated automatic actions for the
following significant annunciators while
operating the Low Voltage Breaker
System, or on an exam in accordance
with annunciator response procedures.
1 Loss of DC Control Power X X X X 17
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|

Objective # | __Objective Description . | SRO.) RO | NLO [ STA |  Pg.# |

.1.12 | Recall the systems that support the Low
Voltage Breakers and the nature of the
support provided while operating the
system, or on an exam in accordance
with student text.

A DC Electrical Distribution X X X X 18

1.13 Recall the systems that are
supported/influenced by the Low
Voltage breakers and the nature of the
support provided while operating the
system, or on an exam in accordance
with student text.

1 AC Electrical Distribution X X X X 18
.1.14 | Demonstrate an understanding of when X X X X 13,21,
precautions and limitations for Low 22,23,
Voltage Breaker operations 1) Are 24,25,
bypassed during unusual plant ' 26, 27,
conditions when given an operating 28

mode and plant parameters; or 2) Are
applied during use of station
procedures. Recall the reasons for the
precautions and limitations while
operating the system or on an exam in
accordance with station procedures.

.15 Given various plant conditions, predict X X X X 11,12,
how the Low Voltage Breaker operation 13, 16,
will respond to various system or 17,24,
component failures while operating the 28,28

system or on an exam in accordance
with student text.

.1.16 | Given a copy of Technical X X X 19, 20
Specifications, Operational
Requirements Manual, ODCM, various
Low Voltage Breaker and plant
conditions, apply them to determine if
LCOs have been met or exceeded, and
identify the required actions in
accordance with above references.
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, . . -
| Objective.# -___Objective Description | SRO | RO | NLO | STA Pg.# 1

.17 Given key system parameters and X X X 19
various plant conditions, recall Limiting
Safety System Settings, One Hour or
less LCO actions statements while
operating the Low Voltage breakers or
on an exam in accordance with
Technical Specifications.

1.18 | Given the following plant conditions
recall the plant actions that are required
while operating Low Voltage Breakers
or on an exam in accordance with

student text.

.1 Manually Trip a 480v Substation K- X X X X 22
Line Breakers

.2 Manually Close a 480v Substation X X X X 22
K-Line Breakers

.3 Manual Spring Charging 480v X X X X 22
Substation K-Line Breakers

4 Rackout 480v Substation K-Line X X X X 22
Breakers to disconnected position

.5 Racking 480v Substation K-Line X X X X 23
Breakers to the connected position.

.6 Emergency operation of MCC 480V X X X X 25
Molded Case breaker
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Evaluation Method & Passing Criteria: WRITTEN EXAMINATION WITH SCORE > 80%.

References
CPS No. 1014.11, 6900/4160/480V Switchgear/Circuit Breaker Operability Program.

CPS No. 3502.01, 480 VAC Distribution
CPS No. 3507.01, Station Lighting and Low Voltage System
CPS No. 3515.01, Operation of 6900/4160/480V Circuit Breakers
- CPS No. OP-CL-108-101-1001 General Equipment Operating Requirements
AC Electric Distribution System Description

CPS Schematic Diagram, E02-1AP99 Sheet 089
E02-1AP03-001

Instruction Manilal, ITE MCC. K2976-0001

Instruction Manual, K2801-0158 (HPCS MCC, GE)

Instruction Manual, Brown Boveri ITE Switchgear, K2974-0004

CPS Condition Report CR-1-83-06-002

Instruction Manual IB-9.1.7-22, Powershield Solid State Trip Device (Gray Case) (In K2974-0004)
SA-AA-129, Electrical Safety

SOER 10-2, Engaged, Thinking Organizations

INPO 15-004, Operations Fundamentals

Commitments: None
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LESSON PLAN HISTORY PAGE

REV. DATE DESCRIPTION
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lesson plan. Reorganized overall lesson plan correcting and clarifying technical
information. Added photos.

2 09/22/04 | Incorporated TRACER # 2004-07-0058A. This édded OE 18132 to OPEX.
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Model K Type Gould or ABB breakers” to “K-Line breakers”. Added MCCB
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designations for SRO/RO/NLO/STA. Corrected the objective numbering format
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7 10/11/17 | Added discussion of additional force needed to rack high current breakers in and
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9 6/29/18 Clarified breaker reset conditions under Operational Characteristics.
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Instructional Methods:

e lecture/discussion

e Lab (optional)

Media:

e White board

e Trainee text

e Additional copies of K-Line Breaker schematic

e Breaker Lab (optional)

LP85114, Rev. 009
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Content/Skills Activities/Notes

l. Introduction

Low Voltage circuit breakers are the primary components of the
480V Unit Substations and Motor Control Centers of the
Auxiliary Power (AP) Distribution system. The AP system
includes twenty-six 480V Unit Substations which receive power
from the 6900V and 4160V AC Distribution System through
step down transformers. Eighteen Non Divisional Unit Subs are
fed from 6900V distribution and six Non Divisional Unit Subs
are fed from 4160V distribution. Division 1 and Division 2 both
support one Unit Substation.

480 VAC Unit Substations typically supply motors between 250
and 50 horsepower either directly or through MCC. Unit Subs
distribute power through 111 Motor Control Centers (MCC), 2
Hydrogen Igniter Panels, and risers located throughout the plant.
Division 3 is supplied by three 480v MCC's, without the use of a
Unit Sub, through one common 4.16kV to 480 volt transformer.

Low Voltage System, 208/120V and 240/120V AC, is supplied
from Motor Control Center Distribution Panels and Station
Lighting Circuits.

The 480V and below Circuit Breakers provide selective tripping
protection for the Auxiliary Power and Low Voltage Distribution
Systems. Substations use an ABB/Gould K-Line breaker for the
main feed and load distribution. Some Unit Substation breakers
can be controlled remotely; other Unit Substation breakers can
only be operated manually.

Most 480V loads including pumps, motor driven valves, fans
heaters and low voltage distribution panels are powered through
a Motor Control Center (MCC) using ITE/GOULD HE series or
newer Seimens ED series molded case circuit breakers.

Understanding the operation of the low voltage breakers is
important to the reliable and safe operation of the plant. Failure
to properly return a breaker to service has impacted the
availability or operability of plant equipment as well as resulted
in serious personal injury and fatalities.

Because of the operating experience involving failures of molded
case circuit breakers while using them for personnel protection
on tagouts, operators now verify the associated circuits de-
energized using EMF or voltage instruments. The breaker
operation and resulting position indication cannot be relied upon
to ensure that the breaker was successfully opened.

LP85114, Rev. 009 Page 1 of 49
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Activities/Notes

A. Overview of training session

This subject will be presented in a 3-hour classroom session,
which includes:

e Lecture
e Print reading exercise

e Visit the Maintenance lab to inspect the mockups of the
low voltage breakers. (Optional)

The Objectives, to be discussed later in detail, basically includes
the following:

e Breaker operations and precautions

e Interlocks and purpose

e Electrical protection features

* Methods for control breakers and power to loads.
Evaluation:
Knowledge of objectives will be evaluated with a weekly and a

comprehensive written examination at the end of the systems
training requiring a minimum score of 80%.

At the start of class, if
appropriate, introduce yourself
and establish rapport with the
class. '

LP85114, Rev. 009
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Activities/Notes

. System Purpose

System Purpose

The 480V and below Circuit Breakers are special purpose
switches used to control the flow of large currents during normal
operations. Specific purposes are as follows:

e Interruption of fault currents and overload conditions

e Suppression of the main line contact arc when opening.

¢ Containment penetration protection
e Remote control of 480V loads through inline contactors

e Load shedding devices when shunt tripped by LOCA or
other accident signal

B. Design Basis

L.

Support power circuit operation by providing protective
devices that will accomplish the following:

a. Disconnect circuit faults from power sources,

b. Disconnect the faulted component with minimum
disturbance to the unfaulted portions of the system,

c. Protect the system from false disconnecting operations
for any anticipated normal event.

‘Devices fed from 480-V unit substations must have

instantaneous and time overcurrent protection.

Motor control center buckets are to be equipped with thermal
overloads to protect the equipment being supplied. Overload
protection of Class 1E motor-operated valves will be
continuously bypassed with the exception that it may be
placed into service for short periods of time during valve
maintenance, testing, and repositioning during normal plant
operation.

[1.1]

LP85114, Rev. 009
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lll. SYSTEM FLOWPATH(S) [.1.4.1] Figure 1

The flow paths associated with 480V Distribution and below are
addressed in either the Auxiliary Power N-CL-OPS-262001 or
Lighting and Low Voltage Electrical Power N-CL-OPS-262006.
This lesson plan provides a generic discussion of the breakers
used in these systems. Specific application of these components
can also be found in N-CL-OPS-262001 or N-CL-OPS-262006.

LP85114, Rev. 009 Page 4 of 49
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Activities/Notes

IV. Components

A. 480VAC Substation Air Circuit Breakers (K-Line)

1.

K-Line breakers are used in the 480V Substations for the
main feed from the 6900 or 4160 to 480V transformers,
supplying MCCs, supplying Risers, and cross ties to other
Substations. Both manual and remotely operated electrically
controlled breakers are used in the 480V Substations.

The circuit breaker continuous current rating is established
by the breaker frame’s physical size. The main feeds use a
K-1600S breaker, which is rated for 1600 amp service. The
“S” denotes that a Powershield solid-state overcurrent trip
device is used. The other services use a K-6008S, which is
rated for 600-amp service. Exceeding breaker continuous
current ratings raises circuit breaker temperature beyond
design limits reducing breaker operating life.

The circuit breaker nameplate contains information regarding
the manufacturer's name and address, type of circuit breaker
design, serial number of circuit breaker, continuous current
rating of frame size, short circuit current rating at rated
voltages, frequency, short time current.

Most 480V loads are fed from a MCC,; however, a few large
loads such a major building cranes and elevators are supplied
directly from the Substation through a K-Line breaker.

K-Line Breakers can be horizontally drawn in or out of an
enclosed steel Substation cubical by levering the breaker on
a cam operator using a threaded lead-screw. As the breaker
is slid into the cubical, DC control power and then 480V
power is connected to the breaker through “stabs” located in
the back of the breaker. A pair of 480VAC stabs is provided
for each phase. 480V stabs are referred to as the Primary
Contactors and the DC control power stabs are the
Secondary Contactors. Internal to the circuit breaker power
flows from the supply side coupling stabs, through the
breaker main and arcing contacts, and then back through the
load side coupling stabs.

The TSC switchgear in the NTD building (OCA) utilizes
Brown Boveri Electric circuit breakers. These breakers
perform the same function as K-Line Breakers in the plant
and as such will not be discussed in detail here. There are
however differences in the physical operation of these
breakers. Refer to CPS 3515.01, Operation of

Figure 2
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6900/4160/480V Circuit Breakers for detailed operating
instructions.

7. Arc Suppression

a. When an electrical circuit is opened, the normal path for
current flow is broken. Current will attempt to continue
to flow through the circuit by arcing across the
interrupting gap. The collapsing field of an inductive
load will aid this current flow. Current flowing across
the interrupting gap heats and ionizes the air within the
gap. As current flows through the interrupting gap the
air heats up and ionizes causing a reduction in resistance
allowing a higher current flow. Circuit breakers are
designed to rapidly and reliably interrupt current flow
and extinguish arc formation before the current flow can
become damaging.

b. All of the 480V and below circuit breakers at CPS
employ spring actuated interrupting contacts and
diffused air gaps to dissipate the resulting arc when the
circuit breaker opens.

8. Common Face Plate Controls: Electrical and Manually [.1.5.1] [.1.6.1] Figure 3 & 4
Operated K-Line Circuit Breakers '

The K-Line K-16008S and K-600S type circuit breakers are
provided with an extendible “escutcheon” face plate. The
faceplate provides a central area for the controls, which are
mounted directly on the circuit breaker. The common
controls for manually operated breakers and those with
capability for remote electrical operation are as follows:

a. Manual Trip Button that when depressed will locally trip
the breaker open.

b. Circuit breaker "OPEN" or "CLOSED" direct indication
of the circuit breaker contacts

c. Automatic Trip Indicator which, indicates actuation of
the electro-mechanical overcurrent trip device. The
white plastic trip indicator protrudes approximately 1/2
inch from the faceplate indicates an overcurrent trip
occurs.

1) The automatic trip indicator has to be manually reset
after a trip by pushing it back into the normal latch
position.

LP85114, Rev. 009 Page 6 of 49
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2) Remote trip alarm indication is obtained from the
Trip Indicator device.

3) A provision is provided in the Trip Indicator device
for mechanically preventing re-closing of the breaker
until it is reset. This feature is used in a few cases at
CPS. If a lockout is desired it is typically
accomplished within the breaker control circuit.

d. Racking Mechanism Shutter that must be raised to insert
the racking tool, which is a crank used to move the
breaker to the CONNECTED, TEST or
DISCONNECTED (Racked out) position. The breaker
can also be withdrawn from the cubical. The breaker is
disconnected from the 480V stabs as it is backed into the
TEST position. In the TEST position, the DC Control
Power is connected. In the DISCONNECTED position
both 480V and DC Control Power stabs are
disconnected. Refer to Attachment C for definitions of
breaker statuses.

e. Padlocking Device to lock the breaker in the trip-free
position.

1) This is accomplished by depressing the Manual Trip
Button and pulling out the vertical locking plate. A
pad lock can be inserted in the slot that is now
exposed which holds the plate in the extended
position. In this position, the mechanism is
maintained trip free condition and the contacter arm
cannot be moved to the closed position.

2) With the padlock engaged the tripped breaker cannot
be moved from the existing position (CONNECTED,
TEST or DISCONNECTED).

f. Closing Electrically Operated breakers can be
accomplished locally using the CLOSE Button on the
escutcheon plate. Manual breakers are closed using the
T-Handle on the front of the breaker. It is preferable to
operate Electrically Operated breakers from the remote
controller.

LP85114, Rev. 009 Page 7 of 49
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9. Electrically Operated K-Line Circuit Breakers

Electrically Operated K-Line circuit breakers are controlled
by a device located in the low left section of the breaker
cubical. The control device contains three electrical
components, the limit switch (LS), the lockout relay (52Y)
and the latch release relay (52X) (closing coil). The lockout
relay ensures that the close contacts are opened before the
breaker can be reclosed preventing a rapid succession of
attempted closings (pumping).

a. Electrically Operated Substation breakers are controlled
using 125 VDC control power. The control power is
fused at the input to the Substation and routed to the
individual breaker cubical.

b. When a local or remote control device provides a “close”
command the spring release coil is energized to allow the
two breaker Closing Springs to close the breaker. A
“trip” command energizes the trip coils to release the two
Opening Springs, to open the breaker.

1)

2)

3)

The two Closing Springs are automatically charged
whenever DC Control Power is available to the
electric charging motor. During the closing
operation the two closing springs supply the power
that both closes the breaker and also charge the two
Opening Springs as the breaker closes. This ensures
that a closed breaker has two fully charged springs
available for tripping/opening operations.

Indication of the status of the Closing Spring is
visible through an aperture on the escutcheon plate of
Electrically Controlled breakers. ("SPRINGS
CHARGED" and "SPRINGS UNCHARGED").

The Closing Springs are automatically discharged
when racking the circuit breaker from the
DISCONNECTED (rackout) position. As soon as
DC Control power is made up when racking the
breaker in, the Closing Springs recharge (at the
TEST position).

[.1.5.1] [.1.6.1] Figure 3
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4) The Motor Disconnect Switch, mounted on the
escutcheon plate, is normally used when racking out
the breakers for maintenance or a tagout to prevent
automatic recharging of the Closing Springs. Itis a
double pole, single-throw toggle switch connected in
series in the charging motor circuit. '

5) Non-routine operations that would typically be
performed by electricians on Electrically operated
breakers included manually charging the Closing
Spring using a special tool. Also a lever on the
escutcheon plate of electrically operated circuit
breakers provides a means of closing the breaker
without control power. Lifting the lever allows using
a special tool to close the breaker by manually
releasing the closing spring release mechanism.

10. Manually Operated K-Line Circuit Breakers [-1.5.1] [.1.6.1] Figure 4

a. Manually Operated K-Line circuit breakers have a
Closing Spring "T-handle" to manually charge the
breaker Closing Springs and close the breaker. In one
continuous downward pull of the handle the two Closing
Springs are charged, and near the end of the stroke are
discharged to fast close the circuit breaker.

b. During the closing stroke, the two Opening Springs are
charged. The breaker may be opened by manually
actuating the opening spring release mechanism (manual
TRIP Button) with the controls on the front of the
breaker or by an automatic trip such as an electrical fault.

c. The Manually Operated K-Line breaker does not include
the electrical CLOSE pushbutton switch, motor
disconnect switch, manual close lever, spring charge
indicator or maintenance handle (or manual spring
charging handle).

11. Racking Mechanism for K-Line Circuit Breakers [.1.5.1] Figure 1

a. The racking mechanism may be used to move the circuit
breaker to any one of its three breaker positions
("CONNECTED", "TEST" or "DISCONNECTED").

All of these positions are attainable with the cubicle door
closed. The racking shutter which must be lifted to gain
access to the racking mechanism.
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b. The breaker is interlocked with the shutter position as
follows:

1) The circuit breaker contacts must be open before the
shutter may be lifted.

2) The circuit breaker cannot be closed when the shutter
is open.
3) The shutter is locked closed when the breaker

locking hasp is being pulled out and padlocked in the
TRIP position.

4) The racking shutter can be opened or closed in the
TEST position. In the DISCONNECTED position,
the racking shutter cannot be closed.

c. There are indicating lines to show when the breaker is in
the either the "TEST" or "DISCONNECTED" positions.

B. 480VAC MCC Distribution Breakers

L.

480VAC MCC Distribution uses ITE/Gould or Siemens
molded case circuit breakers (MCCBs) and associated
components housed in a “bucket” to supply individual loads.
MCC distribution is used for small loads that are 50
horsepower and below.

Power enters the 480 VAC MCC through the top of the
MCC. Each MCC has a 3 phase horizontal bus section
capable of carrying between 600 and 3000 amps, and 3 phase
vertical bus sections capable of carrying between 300 and
600 amps. The current carrying capability of individual
busses depends on the specific size bus bars installed.

The MCC “buckets” have three stab connectors on the back,
which clips onto the vertical MCC buswork providing power
to the MCCB. When the MCCB is closed power is available
to supply downstream loads such as the control circuit
transformer and the motor starter or motor open/closed
reversing contactor depending upon the application.
Removal of a MCC Molded Case breaker and/or its
associated components from the MCC usually entails
removal of the “bucket”. They do not rack out like the K-
Line circuit breakers.

[1.4.2]
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4. The breakers are operated.through a linkage by rotating a [.1.5.2] [.1.6.2] [.1.15] Figure S
control switch on the front panel of the cubical with ON,
TRIP, and OFF positions. The breaker is interlocked to only
operate using this switch when to panel door is closed. The
operation of the breaker through the linkage is not always
reliable requiring independent verification that the breaker
opened when the breaker is used as a tagout boundary. The
verification is satisfied by performing a “zero voltage” or
“live-dead-live check” downstream of the breaker.

5. MCC control power is generated inside each MCC breaker
compartment or bucket by a 480-120 VAC resin
encapsulated transformer in most cases. Power to this
transformer taps off of the 480 VAC power leads on the
source side of the starter/contactor. In some special cases
MCC control power is DC. Examples are Turbine Building
Closed Cooling Water (WT) and Stator Cooling Water (GC)
Pumps.

a. With the MCC Molded Case breaker closed, application
of 480VAC to the load is controlled by the
starter/contactor.

b. Control power is used in conjunction with switches
and interlocking contacts to energize the following:

e Motor starter contactor (small pumps and fans),
e Reversing contactor (motor operated valves),
¢ Indicating lights, and

e Opverload, alarm and other auxiliary relays
6. Motor Starters & Reversing Contactors

a. Motor starters and reversing contactors are electrically
controlled relays used to control loads less than 50
horsepower. Contactors energize to allow line current to
flow to the load. Motor starters are single, three phase,
contactors used to control to power small pumps and
fans.
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b. Reversing contactors are dual (open/MO or closed/MC)
contactors typically used to control motor operated valve
(MOYV) actuators. Only one contactor (open or close) is
energized at a time. Reversing contactors are
mechanically and electrically prevented from energizing
both contactors simultaneously to prevent damaging the
load.

7. Overload Protection [.1.15]

a. Molded Case ITE/GOULD or Seimens circuit breakers
are provided with thermal-magnetic trip mechanisms.
Thermal-magnetic trip mechanisms are utilized to protect
the power source from long term low level (thermal) or
instantaneous (magnetic) fault conditions.

1) Circuit Breaker magnetic devices uses magnetic [-1.5.2] [.1.6.2]
tripping coils which actuates the breaker opening
spring,-as EMF increases, to release the tripping
mechanism.

2) Circuit Breaker thermal devices use a bimetallic strip
and the heating effect of current passing through the
breaker to release the tripping mechanism.

3) A Magnetic or Thermal trip condition is indicated by
the local control switch in the TRIPPED position,
loose between the ON and OFF positions.

4) A tripped MCC breaker (magnetic or thermal) may
be reset by turning the local control switch past OFF
to the RESET position, and then back to ON.

b. Additionally, a thermal overload device is attached to the
load side of the motor contactor(s). MCC bucket thermal
overload devices typically utilize a “solder pot” type
sensing device.

1) The current to the load passes through the overload
heaters. Excess current increases the heat felt by the
sensing element. When the heat generated by the
excess current is sufficient, the solder in the “solder
pot” melts, allowing the spring to force the overload
contacts open. When the overload contacts open,
this interrupts power to the starter/contactor(s) and
the load deenergizes.

2) There is a thermal overload contact and heater for
each phase on the load side of the starter/contactor.
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Adjustable overload trip settings (85, 100, and 115%)
are available on each individual overload phase.

3) Depressing the RED overload reset pushbutton on Figure5 & 6
the front of the cubical resets the Thermal Overloads.

4) The RED button on the door depresses the WHITE [.1.14]
reset plungers on each phase, inside the bucket. Be
careful that the plunger does not stick in the
depressed condition.

C. 120VAC Distribution [.1.4.3] [.1.5.3] [.1.6.3] [.1.15]

The 120 VAC distribution panel beakers are thermally actuated
molded case circuit breakers similar to but smaller than the 480
VAC MCC breakers. When a 208/120 VAC distribution panel
breaker trips the local breaker control switch will be loose
between the OFF and ON positions. To reset a tripped breaker
take the local breaker control switch to the OFF and back to the
ON position.

Interim Summary
1. Which applications are K-Line breakers used? L.

2. What faceplate controls are on Manually Operated K-Line
breakers?

3. What faceplate controls are on Electrically Operated K-Line
breakers?

4. How do you pad lock K-Line breakers?

5. What controls the charging spring and charging motor
operation?

6. Describe closing sequence on a Manually Operated K-line
breaker.
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7. What controls the operation of loads (pump, MOV) fed by a 8.
molded case breaker?

8. What type of protection is provided on molded case breakers?
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V. Controls/instrumentation/Power Supplies
A. K-Line Circuit Breaker Control [-1.3] Figure 7

1. The sample schematic of the control circuit of an
ABB/Gould K-Line circuit breaker is used to illustrate the
basic breaker operation. Open/closed control input is
represented by a single set of contacts as CS/C (close) and
CS/T (trip). Depending on the specific application the input
control scheme will vary. The schematic shows the breaker
in an open condition with the closing springs uncharged, the
control power source energized, and the Motor Disconnect
Switch (MDS) closed. The following items describe the
breaker operation.

a. Immediately upon availability of control power, the
spring charging motor (M) is energized, which in turn
charges the closing springs. When the closing springs
are charged, limit switch contacts "LS/1" and "LS/3" are
opened, and limit switch contact "LS/2" is closed.

b. Operation of the close control switch energizes the latch
release coil (X) through the circuit breaker auxiliary
switch "L/d" contact. The normally closed lockout relay
contact "Y/2", and the limit switch contact "LS/2". The
latch release coil (X) releases the closing latch. The
springs then discharge to close the circuit breaker.

c. When the spring discharges, limit switch contacts "LS/1"
and "LS/3" close and limit switch contact "LS/2" opens.

d. When the circuit breaker closes, all auxiliary switch "b"
contacts open and all auxiliary switch "a" contacts close.
The closing springs recharge immediately after each
discharge.

e. When the limit switch contacts "LS/3" close, the lockout
relay coil (Y) is energized and opens lockout relay "Y/2"
which deenergizes the latch release coil (X). Lockout
relay contact "Y/1" closes which seals in the lockout
relay coil (Y) as long as the "CLSE" contact is
maintained. The purpose of the lockout coil (Y) is to
prevent pumping of the closing mechanism when closing
against a faulted circuit. If control power across the
close circuit is lost and restored, the "Y" coil will be
reenergized through the "LS/3" contact.
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2. The circuit breaker can be tripped by operation of the trip

control switch, which energizes the circuit breaker Trip Coil
(TC) through the auxiliary switch "L/a" contact. When the
Trip Coil is energized the opening spring is released.

B.  Power Shield Solid State Overcurrent Trip Devices

1.

K-line breakers with a "S" suffix incorporate the Powershield
solid state overcurrent trip devices. The device provides
fault and overload protection within the selective tripping
scheme for Auxiliary Power distribution.

This device includes the power supply sensors (CT’s),
overcurrent sensor, Power Shield solid state logic assembly,
magnetic latch and the interconnecting wiring. Each phase
of the circuit breaker has a power supply sensor and
overcurrent sensor. Four trip elements are available: Ground
fault, instantaneous, and short-time delay, long-time delay.
At CPS the Ground Fault feature is not used.

The logic assembly is mounted near the front of the circuit
breaker and with the cubicle door open the overcurrent
control panel is readily accessible. This device must be set
for individual circuit conditions to provide electrical system
protection. Movable plugs (pegs) are placed in the
appropriate slots on the control panel to establish the long-
time, short-time, instantaneous and ground fault pickup and
amount of time delay. The overcurrent device, will trip at
the value of the AMPERE TAP setting times the plug setting
of the various pickup elements.

SS-13 Type Powershield is for general purpose application.
It provides long-time delay tripping during a moderate
overcurrent condition, which is above the long-time pickup
settings, and instantaneous tripping on fault currents above
the instantaneous trip setting. This is typically used for
motors/pumps/fans.

Type SS-14 is the Selective Overcurrent Trip Device. This
trip device provides long-time delay and short-time delay
tripping. This is typically used for MCC or riser feeds.

[.1.4.1] [.1.15] Figure 1
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C.

D.

Shunt Trips

1.

Selected Unit Substation and MCC AC Breakers are
equipped with separate shunt trip coils to trip the circuit
breaker when activated by CRVICs logic to automatically
shed loads powered from vital power which are desirable for
plant control, but not required for safe shutdown.

Circuit breakers, which penetrate the containment generally,
have two circuit breakers in series. If a containment load has
a shunt trip only one of the circuit breakers will be tripped by
the shunt trip coil.

Significant Annunciators

1.

Automatic operation of 480VAC to Unit Substation Main
Feeder Breakers are monitored by alarms. Refer to
Attachment B for a summary of alarms. Integrated operation
of 480VAC breakers is addressed in N-CL-OPS-262001,
Auxiliary Power.

Loss of DC Control Power to 480V AC Substation breakers
are monitored by alarms. The alarm procedures provide
direction or references for restoring DC Control Power by
transferring the Main Supply fuse to the 125VDC Reserve

Supply.

a. Breakers that lose status light indication, also lose trip
power and can only be tripped manually.

b. On a loss of control power to a Class 1E Bus,
transferring control power fuses may not provide DC
power to the bus for control power since the reserve
supply is fed from the same 125V DC MCC as the main

supply.

[.1.4.1] [.1.4.2]

[1.11.1]

[.1.15]

SOER 10-2: H. B. Robinson

Steam Electric Plant — In March 2010,
the unit sustained damage to two 4-kV
buses and the unit auxiliary transformer
when an arc flash occurred in a cable
conduit and the bus supply circuit
breaker failed to open on overcurrent.
Subsequently, an automatic reactor
scram occurred that was complicated by
an electrical fire, loss of power to balance
of- plant equipment, and a temporary
loss of power to an emergency bus. A
safety injection initiated. The event was
complicated by degraded equipment and
weaknesses in operator and crew
performance, including attempts to
reenergize a faulted bus and challenges
to the integrity of reactor coolant pump
seals.
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VL. Interrelationships
A. Support Systems [.1.12.1]
DC Electrical Distribution

1. Divisional and non-divisional DC Electrical Distribution
- provides DC Control power to the 480V K-line breakers. In
some cases, DC Distribution is supplied to the controllers for
Molded Case 480VAC breakers (e.g. TBCCW Pumps).

2. Breaker control power fuses are located in the Unit
Substation Auxiliary cubicle.

B. Systems Supported
1. Auxiliary Power [-1.13.1]

a. The 480V and below Circuit Breakers provide selective
tripping protection for the Auxiliary Power and Low
Voltage Distribution Systems. Substations use
ABB/Gould K-Line circuit breakers for the main feed
and load distribution. Some Unit Substation breakers
can be controlled remotely; others Unit Substation
breakers can only be operated manually.

b. Most 480V loads including pumps, motor driven valves,
fans heaters and low voltage distribution panels are
powered through a MCC using ITE/GOULD or Siemens
molded case circuit breakers.

2. Low Voltage Distribution

The 120 VAC distribution panel use thermally actuated
molded case circuit breakers similar to but smaller than the
480 VAC MCC circuit breakers.
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VII. Technical Specifications
A. Safety Limits

None
B. Limiting Conditions for Operation (LCOs) [.1.16] [.1.17]

Technical Specifications do not directly address 480VAC
Breakers; however, operability of safety related switchgear
associated with the breaker may be impacted. The following
criteria from CPS No. 1014.11, 6900/4160/480V Switchgear/
Circuit Breaker Operability Program is used to determine
SWITCHGEAR SEISMIC OPERABILITY/ ANALYSIS during
breaker activities performed on OPERABLE switchgear.

1. When a breaker is placed in a configuration that removes
power from the associated loads, the ITS Conditions and
Required Actions for either the electrical power distribution
subsystem (i.e., ITS LCO 3.8.9 or 3.8.10), or for the de-
energized equipment shall be entered as appropriate for the
configuration. o

a. When a breaker is placed in a ‘Seismically Unanalyzed
Configuration’ on an OPERABLE switchgear (e.g.,
during operation/on-line maintenance/PMT/surveillance,
etc.), the switchgear need not be declared
INOPERABLE, provided the time in this configuration
is limited to forty-eight (48) hours per occurrence, and
appropriate personnel remain at the breaker cubicle
(when the cubicle door is open) in order to return the
breaker cubicle to a ‘Seismically Analyzed
Configuration’ when directed by the Shift Management.

b. Ifredundant equipment is required to be OPERABLE,
then the redundant equipment should be maintained
OPERABLE during this time period.

c. These limitations have been evaluated to limit plant
operation such that a seismic occurrence during this time
is of such a low probability that it is not required to be
postulated during this time period.

d. Ifthe breaker cubicle is not restored to a ‘Seismically
Analyzed Configuration’ within 48 hours, or no
appropriate personnel are at the breaker cubicle (when
the cubicle door is open), then the switchgear shall be
declared INOPERABLE.
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2. Non-safety related (Non 1E) Div. 1 & 2 switchgear located
in Seismic Cat. 1 areas do not perform any safety functions.

a. The breakers in these cubicles may be left in the cubicles
in any position providing the latching mechanism for the
breaker is engaged (except when racked in), and the
cubicle door is closed with the door bolts torqued or
latches fully engaged as applicable.

b. This is required to prevent any interaction concerns with
other safety-related equipment or components in the
vicinity during a seismic event.

3. Breakers should only be “swapped” to different bus cubicles
by specific MWO/AR job step, or in emergencies.

C. Operating Requirements Manual (ORM) [.1.16]

1. 2.5.1 Containment Penetration Conductor Overcurrent
Protective Devices

Review the Requirements and associated actions for
480VAC breakers.

2. 2.5.2 Motor Operated Valves Thermal Overload Protection
Operational Requirements

Review the Requirements, associated actions and basis for
480VAC breakers.
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VIIl. Operational Characteristics

A. Precautions and Limitations

L.

All breaker activities performed on OPERABLE switchgear
shall be évaluated for switchgear operability and seismic
qualification per CPS No. 1014.11, 6900/4160/480V
SWITCHGEAR/CIRCUIT BREAKER OPERABILITY
PROGRAM.

a. This includes, but is not limited to, opening the cubicle
door and racking operations.

b. When verifying breakers racked in, verify that the
charging spring motor circuit is energized (on breakers
that are so equipped).

Thermal overloads may be reset once. Reclosure of a
breaker that has tripped on other than thermal overload may
be performed once, providing the following conditions are
met:

a. Shift Manager has given permission.

b. Reclosure can be done remotely to prevent hazard to
personnel should a breaker fault occur.

c. Loss of component availability will cause a significant
disruption of operational activities.

If a breaker has been determined to have tripped on a fault,
or sticks in mid position between OPEN and CLOSED, or is
unusually difficult to RACK IN or OUT, it should not be
reset or closed without prior notification of Shift
Management and Electrical Maintenance to allow for
preliminary investigation.

B. Personnel Safety

1.

SA-AA-129, Electrical Safety equipment and precautions
shall be observed when working on or near energized
equipment.

To avoid personnel injury, stay clear of moving or pre-
charged parts.

[.1.14]

[.1.14]
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C. Manual Operation 480V Substation Breakers

L.

The preferred method for local operation of 480V Substation
Feeder Breakers is to use the remotely mounted
handswitches.

Manually Trip a 480V Substation Breaker

a. Itisnot advisable to manually trip a breaker suspected of
being in an overcurrent situation; this action may result
in personnel injury. Appropriate safety equipment must
be worn when performing manual breaker manipulation.

b. 480V Substation breakers can be manually tripped by
depressing the red-trip push button on breaker face, then
verify breaker opens by local mechanical indication.

Manually Close a 480V Substation Breaker

a. Prior to closing electrically operated breaker verify that
the charging springs indicate CHARGED.

b. Depress the CLOSE pushbutton on breaker face, and
verify breaker closes by local mechanical indication.

Manual Spring Charging 480V Substation Breaker

a. Rack breaker to the TEST position to allow access to
charging tool receptacle. Refer to CPS No. 1014.11 for
operability impact.

b. Insert 480V charging tool into receptacle located on
underside of breaker.

c. Ratchet the charging tool until breaker springs are
charged, as indicated by ratchet tripping free and the
charging spring indication reads “CHARGED”.

d. Rack breaker back to its operating position.

D. Racking 480V Substation Breaker

1.

NOTE: Unit sub feeder breakers handle much more current
than a typical unit sub breaker that feeds equipment. As
such, a unit sub feeder breaker has more robust internals, and
will require more force to rack in and out than a smaller
breaker. '

Racking a 480V Substation Breaker to Disconnected
Position

[.1.18.1]

' [1.14]

[.1.18.2]

[.1.18.3] Figure 8

[.1.18.4] Figure 1 & 9

LP85114, Rev. 009

Page 22 of 49



Content/Skills

Activities/Notes

a. The breaker must be verified opened prior to changing
the breaker racking status. With the breaker open the
Closing Spring is normally charged.

b. The Charging Motor Disconnect Switch is placed in the
OFF position for Electrically Operated Breakers to
prevent automatic charging of the Closing Spring.

c. Depress the Manual Trip Pushbutton on the escutcheon
assembly to ensure that the Trip Spring is discharged.

d. The Racking Shutter is lifted and the Racking Crank tool
is inserted. Turn the tool ‘counter-clockwise’ to
withdrawal the breaker from the cubical. The Closing

Springs automatically discharges when the breaker is
racked-out to DISCONNECT.

e. The DISCONNECT position can be visibly verified on
the racking position indicator STICKER/DECAL on the
right hand side of the escutcheon assembly. Remove the
racking crank tool.

f. The breaker racking linkage may need to be relaxed ~
1/2'to 2 1/2 turns in the clockwise direction, to allow
Racking Shutter to drop/close and withdraw the Padlock

. Plate.

g. Push in the Manual Trip Pushbutton on the escutcheon
assembly, and pull out the Padlock Plate, if attachment of
a Safety Tags if required.

3. Racking 480V Substation Breaker to the CONNECTED
Position

a. 480V breakers must be opened before the breaker can be
racked out. Racking Shutter is interlocked closed until
the breaker is opened. Failure to verify the breaker is
OPEN can result in equipment damage, personnel injury,
or DEATH if the interlock were to fail.

b. Remove Safety Tags (if applied), and push the
PADLOCK PLATE in. The Charging Spring Motor
Disconnect Switch is placed in OFF for Electrically
Operated Breakers to prevent the automatic charging of
the Closing Spring when Control Power is applied with
the makeup of the Secondary Contacts,

c. Lift the Racking Shutter, insert Racking Crank tool and
turn it ‘clockwise’ until the racking position indicator on

NOTE: Gentle insertion of the
racking tool is all that is
required. Firm insertion of
racking tool may cause gear/pall
mechanism to become
disengaged.

Applying excessive force with
the RACKING CRANK tool
when racking a breaker to the
DISCONNECT position can
cause distortion of the spring
discharging mechanism. This
could prevent the closing spring
from discharging properly thus,
hindering breaker operation.

[.1.18.5]

[.1.14]

LP85114, Rev. 009

Page 23 of 49



Content/Skills Activities/Notes

the cradle shows the TEST position or until the stops
prevent further motion.

d. Remove the Racking Crank tool, and ensure the Racking
Shutter drops. The breaker racking linkage may need to
be relaxed ~ 1/2 to 2 1/2 turns in the counterclockwise
direction, to allow the Racking Shutter to drop/close.

e. For Electrically controlled breakers, turn the Charging
Spring Motor Disconnect Switch On to charge the
Closing Spring. This can be verified using the SPRING
CHARGED indicator on the escutcheon plate. A breaker
with this switch left in OFF will be rendered
INOPERABLE because the Charging Springs will not -
charge.

f. Reset/check reset automatic trip indicator (white button).

g. If excessive force is applied while racking a breaker in to [.1.14]
the CONNECTED or out to the DISCONNECTED,
position either the breaker racking mechanism, bus
power stabs, or racking tracks may be damaged. This
could necessitate deenergizing the entire 480V
Substation to remove the breaker and repair the damage.

h.” Attempting to rack in a breaker while it is still closed has | [.1.15]
resulted in damage to affected equipment and serious
injuries to operators including fatalities. In these events
the interlocks failed to trip the breaker when the racking
activity was initiated.
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E. Emergency Operation of 480V Molded Case Breaker

Manually operating the contacts of a 480V MCC valve breaker is
done when required for Emergency Operating Procedures. Shift
Management may also direct emergency operation of certain
malfunctioning valves in order to prevent personnel injury,
severe property damage, or to protect the public health and
safety. Reference CPS No. 3515.01 section 8.4.

1. General Precautions/Important Information

a. If a circuit breaker for a MOV has previously tripped on
thermal overload, additional means are to be used to
prevent personnel injury or damage to the motor and or
valve stem. A clamp-on ammeter should be used to
determine locked rotor current or a volt-ammeter used to
monitor closed limit switches on valve. EM assistance
should be requested.

b. If possible, E03 prints for the individual breaker should
be consulted before operating the breaker contacts to
insure the proper contactor is used. The overload heaters
and motor terminations are usually mounted on the
OPEN contactor.

1) 480V breaker contactors are arranged either
horizontally or vertically. On horizontal
arrangements, the CLOSE contactors are on the right
and the OPEN contactors are on the left.

2) On vertical arrangements, the CLOSE contactors are
on the bottom and the OPEN contactors are on the
top.

c. Manual operation of breaker contacts requires the use of
a non-conducting device to depress the appropriate
contactor to stroke the valve. A short hotstick, plastic
flashlight, dry wooden dowel rod, plastic fuse pullers, or
other suitable device may be used.

d. ITS components that have been locally operated at the
breaker contactor shall be considered INOPERABLE.
An AR shall be written on any valve that has been
operated locally from the breaker contactor.

[.1.18.6] Figure 6

[.1.14]
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2. Equipment Requirements : [.1.14]

a. An insulated device (e.g. screwdriver) should be used to
depress reversing contactor.

b. September 2002, an electrician at Dresden received an
electrical flash to the face when he utilized a non-
insulated screwdriver while determinating an energized
breaker lead in a MCC cubical. The screwdriver shorted
one phase to ground when it contacted the mechanical
operating mechanism for the breaker.

1) This could have resulted in a very serious injury.
Fortunately, the individual suffered only a minor
burn to his face.

2) A similar event at CPS involving working with a
screwdriver in an energized MCC cubical by a senior
electrician resulted in the formation of a large plasma
ball of flame. The electrician was seriously burned
requiring extended hospitalization.

c. Obtain electrical safety equipment per SA-AA-129.
Lineman’s Class II gloves with leather protectors,
faceshield, safety glasses, hard-hat, and Nomex suit
should be used.

3. Operating the Breaker

a. Defeat the breaker door ‘ON interlock’ using an
insulated device, and open the cubicle door.

b. The contactor should not be held longer than required for | [.1.14]
the valve to complete its stroke, otherwise, the breaker
will trip on the thermal overloads. Reliance upon the
overload protection is not desirable because it places the
operator’s safety at risk if the overload feature would
fail.

c. Seal-in Valves

1) Seal-in valves will begin to stroke as soon as the
breaker contactor is depressed. Once the seal-in
picks up, the contactor should be released.

2) The valve will travel to the desired position and the ,
contactor will drop out. -
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'd. Throttle Valves

1)

2)

Throttleable valves will require that the contactor be
depressed for the entire time that the valve is stroking
to the desired position. Additional means shall be
used to prevent personnel injury or damage to the
motor and/or valve stem. A clamp-on ammeter shall
be used to determine locked rotor current or a volt-
ammeter used to monitor closed limit switches on
valve. Electrical Maintenance assistance should be
requested.

The contactor shall be released immediately upon
indication that the valve has reached full stroke as
indicated by position indication or locked rotor
current.

[.1.14]
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IX. Operating Experience (OPEX)

A. General Beaker Failures

1. Read the five operating experiences on Attachment A.

Identify the causes for these events.

2. What types of action should you take to prevent these
problems?

B. Near Miss: Breaker Not Racked Out

1. Review the event described in Attachment A.

2. Identify the sequence of events

3. Be prepared to discuss the fundamental human factor
principles were violated. ‘

C. Breaker Racking Operations

1. Review the event described in Attachment A.

2. Identify the sequence of events

[.1.15]

[.1.15]
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3. Be prepared to discuss the fundamental human factor
principles were violated.
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X. Conclusion/Lesson Summary

Evaluate understanding of objectives by asking individuals to
identify key points in the following areas.

1. Whaf are the three types of low voltage breakers used at
CpPS? -

2. What some of characteristics of Unit Substation Breakers?

3. Review Racking Operations and interlocks

4. What are some of the characteristics of MCC Breakers?

5. Tripping devices for each type of breaker

6. What are some of the characteristic for 208/120V
Distribution Panel molded case breakers?

7. Emergency operation of molded case breakers
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Attachment A
General Breaker Failures

OE14476 — Energized Phase on Breaker in the Full Open Position

On July 24, 2002, with Oconee 3 at 100 percent power, technicians found one phase of a MOV breaker
with full voltage on the load side while the breaker in the full open position. The apparent cause is grease
. hardening in the molded case breaker. The operating mechanism of a breaker is lubricated for a normal
life span at the factory, but like any mechanical device, it must be exercised periodically. If the ambient
environment exposes molded case circuit breakers to hot or cold weather extremes, the lubrication can
deteriorate or harden. . This breaker was installed in the Turbine Building and has been exposed to
temperatures in the neighborhood of 100 to 110 degrees Fahrenheit.

272-020524-1 Binding of Close Latches in ABB Type K-Line Low Voltage Circuit Breakers

On May 24, 2002, with Salem Units 1 and 2 at 100 percent power, a refurbished upgraded spare circuit
breaker inadvertently closed during post maintenance testing. Investigators subsequently determined that
binding between the primary and secondary close latches prevented the primary close latch from resetting
after a previous close operation and caused the breaker to close inadvertently. ABB has made several
upgrades to the original K-Line operating mechanism.

OE13457 Catastrophic MCC Breaker Failure During Trouble Shooting

On September 13, 2001, with Catawba 1 at full power, during troubleshooting of a spurious tripped
nonsafety related 600v breaker on MCC, the breaker underwent catastrophic failure. The breaker
produced electrical flash, fire, smoke, molten metal, metal fumes, metal fragments, and plastic fragments.
No personnel injuries occurred. The breaker serves steam generator blowdown pump 1A which can be
out of service for an extended period of time before steam generator water chemistry goes out of
specification. Catastrophic breaker failure was due to electrical arcing from the development of an
electrical tracking pathway over time. This defect was not discovered due to programmatic inadequacy,
i.e. inadequate requirements for testing after the initial breaker trip. Catawba procedures/process for
investigating non-safety breaker trips do not prescribe resistance or megger tests. The breaker was
returned to electrical service without performance of special diagnostic tests (insulation resistance tests,
over current trip test, etc.

395-010725-1 K-Line Breaker Failed to Trip on Overcurrent

On July 25, 2001, a K-1600S electrical breaker at Summer failed to trip during overcurrent testing on the
workbench. Investigation by the electric shop found that the failure to trip resulted from a large wire
bundle interfering with the magnetic latch trip device. The wire bundle is disconnected and rerouted only
during breaker overhaul. This breaker was overhauled by a vendor in 1996, and it successfully passed
post-overhaul trip testing. Subsequent successful trip tests were performed during receipt at Summer, by a
vendor service shop in March 2000 after they repaired the racking mechanism, and prior to installation in
the plant. These successful tests would indicate that the wire bundle was not interfering with the magnetic
latch at these times.

The wire bundle is susceptible to being moved when the breaker is handled for installation and bench
testing. These breakers are heavy, and there are no convenient handholds. Inadvertent movement of the
wire bundle is considered to be the most likely cause of the interference that resulted in failure to trip.
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General Breaker Failures

OE-18132 Catastrophic Failure of MCC Bucket During Normal Operations

March 21, 2004, at Nine Mile Point a Rad Waste Operator identified a need to pump down a condenser
bay pit using condenser pit pump. Because of a preexisting condition with the pump's automatic level
control switches the cubicle's molded case circuit breaker was yellow caution tagged. The on-shift Rad
Waste Chief requested and received permission from the Control Room to close the breaker to start the
pump. The RadWaste Chief then directed the Rad Waste Operator to close the breaker to start the pump.

The Rad Waste Operator proceeded to the Motor Control Center (MCC) where he donned PPE including
Class O gloves with leather over, Nomex lab coat safety glasses and hardhat. At the MCC the Rad Waste
Operator opened the outer panel door and located the correct MCC cubicle. He found breaker's operating
switch was not pointing directly to the off position. He moved the switch to the off position using his left
hand, and noted the breaker seemed to be off. According to the operator the breaker operation appeared to
be "sloppy."

The operator turned breaker to on and heard small click. Not hearing the expected thump of the contactors
closing, he tapped the cubicle door using his right hand (A habit he had developed because he knew that
the cubicle door had to be closed in order to position the breaker from off to on). Approximately six
seconds after he tapped the breaker cubicle door the operator heard an explosion, and saw a fireball emit
from the top of door. The fireball did not hit him as he was standing off to one side of the breaker cubicle.
The breaker cubicle contained most of the explosion however; bottom of the door was bent out about 2".

The Radwaste Operator immediately notified the Control Room of the incident. The Fire Brigade was
dispatched to investigate. No fire suppressant measures were needed. The fire was self-extinguishing.
The Rad Waste Operator was examined and confirmed to be uninjured. Operations personnel responded
by quarantining the area and conducting a walk down of the bus and other potentially affected equipment.
While Operations personnel were preparing to de-energize the MCC the feeder breaker tripped, de-
energizing the "A" and "C" sections of the MCC bus.

The failed MCC bucket was examined to determine the cause for its failure. Based on the examination,
the most probable cause for the failure was insulation failure of the "A" phase line side lead, resulting in a

phase to ground fault to the breaker's mounting bracket.

As of 9/22/04 at CPS, the Diesel Generator sumps pump breakers are cycled on/off to control the pumps
per 3217.02 and the Site Safety Committee is investigating the correct fix for this.

Two things to note: 1. Breaker felt “sloppy” during manipulations.

2. Individual was standing off to the side during breaker manipulation.
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Attachment A
Near Miss: Electrical Motor Bridge and Megger Performed Without
Load Breaker Racked Out

On May 16, 2000, while at 100 percent power, Oyster Creek identified that the 'A' CRD pump tripped
during a start attempt to support post maintenance testing. The breaker was checked and the cause of the
trip was determined to be the thermal overload.

The operations supervisor directed electricians to perform a bridge and megger of the pump motor prior to
making a second attempt to start the pump. The bridge and megger was performed and positive results
were reported. The electricians were then directed to rack in the breaker at which time they informed the
operations supervisor that the breaker was not racked out.

The electricians did not rack the breaker out because they assumed that the breaker could not close with
the trip alarm present. They believed that the local bell alarm would have to be reset before the breaker
could close. It was subsequently determined that the breaker could have closed on either a manual or
automatic start signal, even with the local alarm in.

The root cause was determined to be miscommunication between the operations supervisor and the shift
electricians. A pre-job briefing was not conducted and the control room was not notified prior to the start
of work. Corrective actions to this event include; reviewing the incident with all plant electricians, on
back shifts, a briefing will be held with the operations supervisor to establish the method to control
equipment for the activity planned. Also, the operations and maintenance departments established aligned
expectations for the assignment and performance of maintenance activities when providing direction to
maintenance crews during back-shifts and weekends.
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Attachment A
Breaker Racking Operations

On March 3, 2000, with Hatch Unit 2 shut down for a planned outage, clearance activities were being
conducted. A Reactor Feed Pump Turbine (RFPT) 'A' suction valve supply breaker was being racked out
by a system operator (SO) to support maintenance.

The SO placed the disconnect operating handle to the "off" position. He then placed the handle to the
"door open" position so he could open the door, unlatch the pan assembly, and rack-out the breaker. The
metal cam on the disconnect operating handle failed to clear the operating shaft shoulder. Therefore, the
left side of the pan assembly was pulled partially from its frame when he opened the frame door because it
was still connected through the operating shaft to the operating handle. The right side of the pan assembly
remained in place because, it was latched by the still-engaged pan assembly latching mechanism located
on the right side of the frame. Opening the frame door with the cam still engaging the shaft shoulder
twisted the pan assembly within its frame (the left side of the pan assembly was pulled from the frame
while the right side of the assembly remained in place). The twisted pan assembly twisted the stabs
causing one or two of them to bend. This type of misalignment was a common occurrence.

When the SO attempted to push the pan assembly fully into its frame, two of the stabs touched, causing a
phase-to-phase short, a loud pop was heard and a flash and smoke from the breaker were observed. A
phase-to-phase short caused the 600 VAC MCC's supply breaker to trip open on fault current. The stabs
and insulating block were damaged, and the frame was discolored.

The cause of this event was the metal cam in the disconnect operating handle failing to clear the operating
shaft shoulder. The design allows the pan assembly to be twisted or rotated about on an axis located on
the right side of the frame when the door is opened while the metal cam remains engaged to the operating
shaft. The stab contact fingers are spaced such that bent contact fingers of one phase can touch bent
fingers of another phase. Wear, misalignment, and lack of lubrication may be contributing factors.
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Attachment B (Page 1 of 2)
List of Significant MCR Annunciators

Window Window Actuating Automatic
Name Nomenclature Device Setpoint Action
BREAKER Indication of the trip of any 480V
, ALARM Manual Feeder Breaker on any
5011-3D AUTO TRIP RELAY unit substation supplied from the
480V BUS 6900V 1A(1B) Busses
FEEDER BKR 452
r
Breakers that lose status light
DC FAILURE ALARM RELAY indication, also lose trip power
- and can only be tripped manually.
5011-3E 480V BUS y pp y
74
AC
UV RELAY :
UNDERVOLT STATUS ALARM ONLY
5011-3F AGE
480V BUS 427X1
AUTO CLOSE Bkr Closed & HS STATUS ALARM ONLY
480V BUS in Auto After Open | Bkr Closed & | Non-Fault Trip of the associated
5011-4D TIE BKR HS in Auto 480V Bus Main Breaker
After Open
‘ STATUS ALARM ONLY
AUTO CLS TRIP AND _ _
BLOCKED LOCKOUT Overcurrent trip of the associated
5011-4E 480V BUS RELAY 480V Transformer Breaker
TIE BKR
Swit
AUTOTRIp | Alarm Switch STATUS ALARM ONLY
5012-3B 480V BUS
FEEDER BKR 452-400
DC Failure STATUS ALARM ONLY
DC FAILURE Alarm Relay Bre‘ake‘rs which lose status light
5012-3C 480V BUS indication also lose trip power
74-4 and can only be tripped manually
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Attachment B (Page 2 of 2)

List of Significant MCR Annunciators

Window Window Actuating Automatic
Name Nomenclature Device Setpoint Action
AC UNDER AC Undervoltage
VOLTAGE Relay STATUS ALARM ONLY
5012-3D 480V BUS
427X1-4
AUTO TRIP * Auto Trip
480V BUS STATUS ALARM ONLY
5060-5C | FEEDER BKR Any Feeder
Breaker on
480V BUS A or 1A
NOT Bus A or 1A Main
AVAILABLE Feed Breakers Racked-Out STATUS ALARM ONLY
2060-5D | 480v BUS ' Local breakers, which lose stat
MAIN FEED Bus A or 1A 'Local breakers, which lose status
. light indication also lose control
BKR Control Power Deenergized X
Monitor power, and can only be tripped by
the static trip device.
DC FAILURE DC Control Power STATUS ALARM ONLY
480V BUS Failure 480V Local breakers, which lose status
5060-6B Bus light indication also lose control
AorlA power, and can only be tripped by
: the static trip device.
AUTO TRIP Auto Trip
480V BUS , STATUS ALARM ONLY
5061-5C Any Feeder
FEEDER BKR Broaker on
480V BUS Bor 1B
NOT Bus B or 1B Main Racked-O
AVAILABLE | Feed Breakers acked-Out STATUS ALARM ONLY
5061-3D 480V BUS .
MAIN FEED Local breakers, which lose status
BKR Bus B or 1B Deenergized light indication also lose control
Control Power gz power, and can only be tripped by
Monitor the static trip device.
DC FAILURE | DC Control Power STATUS ALARM ONLY
5061-6B 480V BUS Failure 480V Local breakers, which lose status
Bus light indication also lose control
Bor 1B power, and can only be tripped by
the static trip device.
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Aftachment C
480V ITE Model K Gould/ABB Breakers Status Definitions

Racked-In/Connected:

e Breaker fully inserted into cubicle.
e Primary (line) and secondary (control power) contacts made-up.

e Rollers on racking cam assembly are engaged in the cradle, with the positioning pins on
breaker racking cam assembly lever engaged in the guide rails.

Racked-Out/Disconnected:

e Breaker inserted into cubicle.
e Primary and secondary contacts not made-up.

e Rollers on racking cam assembly are engaged in the cradle, with the positioning pins on
breaker racking cam assembly lever engaged in the guide rails.

Test:

e Breaker inserted into cubicle.
~®  Primary contacts not made-up.
e Secondary contacts made-up.

e Rollers on racking cam assembly are engaged in the cradle, with the positioning pins on
breaker racking cam assembly lever engaged in the guide rails.

Drawn-Out:

e Breaker removed from cubicle.
e Breaker on rails.

e Primary and secondary contacts not made-up.

Removed:

e Breaker removed from cubicle.

e Rail inserted in cubicle.
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Figure 2
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Figure 3
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Figure 4
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Figure 5
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Figure 6
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Figure 6a

480V MCC MOLDED CASE CIRCUIT BREAKER BUCKET
(REAR VIEW)

LP85114, Rev. 009 Page 45 of 49



Figure 7
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Figure 8
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Figure 9
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OBJECTIVES

Form memory, unless otherwise stated, and with 100% accuracy, in accordance with the course reference
materials and procedures, the trainee shall be able to:

. Objective# | ___Objective Description . SRO [ RO [ NLO | STA |- Pg.# |
.1 Recall the design and purpose of High X X X X 4
Voltage Circuit Breakers.
.1.2 | Recall the following modes of operation
while operating the system:
1 Racked In X X X X 16
2 Racked Out X X X X 16
3 Racked to Test X X X X 16
1.3 | Trace the control power flowpaths on
the appropriate Electrical Schematic for
the following modes of operation: :
1 Automatic Start X X X X 17
2 Automatic Trip X X X X 17
1.4 Recall the function, theory of operation, X X X X 8,
interlocks, and characteristics of High 10,
Voltage Circuit Breakers. 12,
13,
28
.1.5 | Reecall the physical location to access X X X X 5
and operate the High Voltage Circuit
Breakers.
.1.6 | Locate or describe the location of X X X X 33
indicating lights for breaker indication
in the plant.
.1.7 | Recall the systems that support the High
Voltage Circuit Breakers and the nature
of the support provided.
DC Electrical Distribution X X X X 35
.1.8 | Determine if LCOs have been met or X X X 36
exceeded, and identify the required
actions in accordance with above
references, when given a copy of
Technical Specifications, CPS 1014.11,
and various plant conditions.
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=== Exelon Generation.

| Objective# |  ObjectiveDescription =~ | SRO | RO | NLO | sTA | Po# |
1.9 State the function of the following
Westinghouse and Cutler-Hammer
4.16/6.9 KV Switchgear components:
1 Floor Trippers X X X X 9
2 Mechanism-Operated Cell (MOC) X X X X 9
Switch
3 Truck-Operated Cell (TOC) Switch X X X X 9
4 Secondary Disconnecting Contacts X X X X 10,
14
.5 | Manual Charging Lever (maintenance X X X X 12
handle) ' :
.6 | Levering-in Device X X X X 12
.7 | Rail Latch X X X X 13
.8 Secondary Contact Operating Rod X X X X 14
.1.10 | Identify the following, when given a
diagram of a Westinghouse or Cutler-
Hammer Breaker mechanism, or at a
training breaker:
1 Manual Open Plunger X X X X 12
.2 | Manual Close Plunger X X X X 12
3 Breaker Position Indication X X X X 14
4 | MOC Switch Operating Pin X X X X 14
1011 Identify the following, when given a
diagram of a Westinghouse or Cutler-
Hammer breaker cubicle with the
breaker removed, or at a training
breaker:
1 Floor Trippers X X X X 8
2 | TOC Switch X X X X 9
3 MOC Switch X X X X 14
.1.12 | Describe the following for a
' Westinghouse Breaker or Cutler-
Hammer breaker in Test:
1 Operation of the MOC Switch X X X X 15
2 | Function of the Local Control Switch X X X X 16
1.13 Describe the differences between the X X X X 16
Westinghouse Breakers and Cutler-
Hammer used at CPS and state where
each type is used.
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| Objective # ___ObjectiveDescription. | SRO | Ro | nLo | sta | pe# |
1.14 Describe the operation of the X X X X 16
Westinghouse Breaker or Cutler-
Hammer Floor Tripping and Closing
Spring Release Interlocks.

1,15 Describe the purpose of the following
Westinghouse Breaker interlocks:

d Floor Tripping and Closing Spring X X X X 9
Release

2 | Anti-Close X X X X 9

3 Breaker Cell Coding Plates X X X X 10

4 | Levering-in ! X X X X 13

.1.16 | Describe the following operations when
given a diagram of a Westinghouse
Cutler-Hammer Breaker mechanism
panel, or at a training breaker:

1 How to manually charge a X X X X 12
Westinghouse or Cutler-Hammer
Breaker
.2 | How to manually close/trip a X X X X 19,
Westinghouse or Cutler-Hammer 20
Breaker '
.1.17 | Describe how the MOC Switch X X X X 9

determines actual breaker position,
given a diagram of a Westinghouse or
Cutler-Hammer breaker cubicle and
mechanism panel, or at a training
breaker.

.1.18 [ Predict the impact/consequences of the
following events:

1 Not pushing the Levering-in Device X X X X 30
back into the Breaker compartment
prior to shutting the door on a
Westinghouse or Cutler-Hammer

Breaker

.2 | Failure to turn the Motor Disconnect X X X X 30
Toggle Switch to on after racking in a
GE Breaker

3 Improperly racking in a breaker (both X X X X 30

GE and Westinghouse or Cutler-
Hammer Breakers)
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o

| Objectivé# | Objective Description” | SRO | RO" | NLO | STA | Pe#
4 | Not fully inserting the X X X X 30
Auxiliary/Secondary Contacts on a '
General Electric Breaker
.1.19 | State the function of the following
General Electric (GE) Breaker
components:
1 Elevating Mechanism X X X X 21
.2 | Elevating Motor and Clutch X X X X 22
(SARRACS Unit)
3 Positive Interlock X X X X 23,
27
4 Spring Discharge Cam X X X X 23
5 Auxiliary Contacts X X X X 25
.6 | Spring Release Interlock X X X X 27
.1.20 | Identify the following, given a diagram
of a GE Breaker/Cubicle, or at a
training breaker:
1 Positive Interlock X X X X 23
2 Spring Discharge Cam X X X X 23
3 | Auxiliary Switch X X X X 25
4 | Auxiliary Contacts X X X X 25
.5 | Open/Closed Indicator X X X X 25
.6 | Charge/Discharged Indicator X X X X 25
1.21 Describe, given a diagram of a GE
Breaker/ Cubicle, or at a training
breaker:
1 How to manually charge the breaker X X X X 26
.2 | How to manually rack in or out the X X X X 29
breaker -
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Evaluation Method & Passing Criteria: WRITTEN EXAMINATION WITH SCORE > 80%.

References

K2801-0164, Metal Clad Switchgear for Magne-Blast Air Circuit Breakers
K2968-0002, 4160V Buses 1A and 1B Metal Clad Switchgear

K2968-0011, Instructions for Porcel-line Type DHP-VR Circuit Breqkers
K2968-0004, Instructions for Porcel-line Type DHP Magnetic Air Circuit Breakers
CPS 3501.01, HIGH VOLTAGE AUXILIARY POWER SYSTEM
OP-AA-108-106, EQUIPMENT RETURN TO SERVICE

MA-AA-716-012, POST MAINTENANCE TESTING

SA-AA-129, Electrical Safety

CPS 1014.11, 6900/4160/480V SWITCHGEAR/CIRCUIT BREAKER OPERABILITY PROGRAM
CPS 3515.01, bPERATION OF 6900/4160/480V CIRCUIT BREAKERS

CPS DB351501.01 4160V Div 3 Breaker Racking

Condition Report #1-98-10-031

Condition Report #1-97-08-223

INPO Significant Operations Experience Report (SOER) 98-2

E02-1SA99 sheet 001 |

E02-1SA99 sheet 004

SOER 10-2, Engaged, Thinking Organizations

INPO 15-004, Operator Fundamentals

IER 17-005, Line of Sight to the Reactor Core

Commitments: None
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LESSON PLAN HISTORY PAGE

REV. DATE DESCRIPTION
0 6/24/94 Original

| 05/30/02 | Update to new Exelon format per TQ-AA-210-3201 R00 Lesson Plan Template
(Portrait). Incorporated comments from System Engineer. Revised and updated
objectives. Resolved missing KA links to lesson plan.

2 11/16/06 | Incorporated TRACER#2005-05-0031A. This required clarifications and
clerical changes. Incorporated TRACERS #2006-05-0025A and 0115A to
update use of SARRACS remote racking tool on Div 3 medium voltage
breakers, correct lesson plan formatting, and added pictures to PPT presentation.

3 11/27/12 | 01185341-70, Correct the objective page numbering.
Added SER 3-05 and SOER 10-2 to References and Lesson plan.
Brought out the trip coil integrity is monitored by the Red light indication.

Corrected the CW pump has a backup DC trip power source. °

WC-AA-105, no longer exists replaced with OP-AA-108-106, EQUIPMENT
RETURN TO SERVICE and MA-AA-716-012, POST MAINTENANCE
TESTING

4 1/29/18 | Revised objectives for clarity.
Added references to IER 11-3 and IER 17-005.

5 6/29/18 | Removed erroneous information with respect to GE breaker control power fuses.
Added OPEX on LER 2016-012-00.
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Instructional Methods:

Lecture/discussion

Case studies

Activities

Breaker racking at the Maintenance Learning Center

> Mandatory for initial NLO or others that will be doing breaker racking in the plant.
> Optional, but preferred for all others during initial training

> Optional, but preferred for continuing training

Media:

e PowerPoint

e  White board
o Handouts

e Trainee text
e Prints
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Content/Skills Activities/Notes

. Introduction
A. Topic Introduction

Clinton Power Station is designed with many automatic features
associated with safety systems. Many of these safety functions
are carried out by either opening or closing high voltage circuit
breakers. As the following event shows, improper operator
action associated with these breakers can result in equipment
inoperability or unavailability.

Event Title: 2A Safety Injection Pump Rendered Technically
Inoperable Because of Misaligned Circuit Breaker

Event Summary: On September 27, 2001, the breaker for the 2A
safety injection (SI) pump at Byron Unit 2 was found with the
mechanically-operated contact (MOC) operating pin misaligned
with the MOC operating channel in the breaker cubicle. The
problem was discovered when one of the 2A SI pump cubicle
cooler fans failed to start after the pump breaker closed. The
MOC operating pin connection occurs when the breaker is
racked into the cubicle. The misalignment resulted in damage to
the breaker. The cubicle cooler fans not receiving a start signal
when breaker closed rendered the 2A SI pump inoperable. When
non-licensed operators racked in the breaker for the 2A SI pump,
it was not correctly aligned with the MOC operating channel.

This lesson will address breaker design, how to rack breakers in
and out, how to place breakers in test, and what to look for to
ensure that non-safety and safety related components will
respond when called for during normal and transient conditions.

B. Overview of training session

This subject will be presented in a 5-hour classroom session,
which includes:

1.  Lecture

2. Exercises involving the tracing of the major flow paths
on a figure that will be provided.
Objectives

4. Racking and inspection of a high voltage breaker in the

plant or in a training facility.

5. Exam
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C. Objectives

1. The objectives provide the foundation for learning this topic
. and include the following:

a.. Recalling the system purpose and major system
flowpaths, and major component functions.

b. Recalling the function, theory of operation, controls,
automatic functions and/or interlocks associated with
major system components.

c. Recalling functional interrelationships between this
system and other plant systems.

d. Recalling the impact/consequences of system problems.

2. Review the objectives to familiarize yourself with the
knowledge necessary to attain mastery of this topic.

D. Evaluation

1. A check for understanding of objectives will be evaluated by
one or more of the following:

a. The instructor periodically asking questions throughout
the presentation in the form of an interim summary.

b. A written examination with a minimum score of 80%.

c. For those who will actually be performing breaker
racking evolutions in the plant, further on the job training
and evaluation will be required.

E. Management Expectations

1. Safe nuclear power plant operation is based upon the
principle that each individual accepts the unique and grave
responsibility inherent in using nuclear technology.

2. Evolutions involving high voltage circuit breakers present
electrical safety concerns. It is expected that all persons will
follow the applicable safety precautions and use the
appropriate safety equipment at all times.

2-LP85115, Circuit Breakers 6.9 and 4.16 KV, Rev 005.doc
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Il. System Purpose
A. System Purpose
This class of circuit breaker serves three functions:
1. Control power distribution or equipment operation.

2. Act as a protective device to interrupt fault current in order
to prevent equipment damage or personne] injury.

3. Provide for equipment or circuit isolation.
B. Design Basis

High voltage circuit breakers support the ability of the associated
systems to perform many design functions, safety and non-safety
related.

[.1.1]

OPTIONAL ACTIVITY
Have the students individually
create a list of systems that are
served by high voltage circuit
breakers (example: CCW, CW,
CD) on a piece of paper.

Then break the class into small
groups and have them compare
lists, then create one list with all
of the breakers/systems that they
came up with.

Then list on the board all of the
systems that the students
thought of.

Lastly, ensure that someone
thought to include the feeder
breakers to the busses. Point out
that improper racking of these
breakers has the potential to
create severe plant transients
and affect the ability of the plant
to respond to transients.

2-LP85115, Circuit Breakers 6.9 and 4.16 KV, Rev 005.doc
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lll. SYSTEM DESCRIPTION

A. System Overview

Westinghouse type DHP De-ion Draw-out circuit breakers are
used on:

6900V Bus 1A (762’ Aux Building East)
6900V Bus 1B (762’ Aux Building West)
4160V Bus 1A (762’ Aux Building East)
4160V Bus 1B (762’ Aux Building West)
4160V Buses 1A1 (781’ Aux Building East)
4160V Buses 1B1 (781’ Aux Building West)

6900V Bus RR1A, 1RRO1E (781’ East Fuel Building,
the “2A” and “5A” breakers)

6900V Bus RR1B, 1RRO2E (781° West Fuel Building,
the “2B” and “5B” breakers)

(All breakers on the above busses are the Westinghouse DHP

~ type EXCEPT the breakers listed below, which serve the Reactor

Recirculation Pumps).

Cutler-Hammer type DHP-VR circuit breakers are used on:

6900V Bus 1A: Recirc Pump 1A feeder breaker (the
“3A” breaker)

6900V Bus 1B: Recirc Pump 1B feeder breaker (the
“3B” breaker)

6900V Bus RR1A: IRRO1E Recirc Pump Local feeder
breaker (the “4A” breaker)

6900V Bus RR1B: 1RR02E Recirc Pump Local feeder
breaker (the “4B” breaker)

General Electric Magne Blast Vertical Lift type air circuit
breakers are used on: 4160V Bus 1C1

2-LP85115, Circuit Breakers 6.9 and 4.16 KV, Rev 005.doc
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IV. Components
A. Westinghouse Metal-Clad Switchgear

The Porcel-line metal-clad switchgear is an assembly of circuit
breaker housings and auxiliary housings.

The circuit breaker housing has provisions for a removable
circuit breaker. It is composed of bolted together cubicles; the Figure 1
breaker bus cubicle, the line cubicle, the control cubicle, and
sometimes the upper rear cubicle. It also includes high voltage
equipment, primary connections, low voltage equipment and
control devices. A hinged instrument panel, located on the front
of the circuit breaker housing, provides access to the breaker,
fuses and auxiliary control devices. Internal compartments
provide metal isolation between the secondary control devices,
the circuit breaker, the main bus and the primary line
terminators. Access to the primary equipment is provided by
bolted on covers, which should not be removed unless exposed
circuits are de-energized.

The auxiliary housing contains miscellaneous equipment, which
cannot be contained in the circuit breaker housing. It is similar
in construction and assembly to those cubicles in the breaker
housing. A hinged instrument panel is also located on the front
of the auxiliary housing.

The rear sheets have grill work at the top and bottom to allow

ventilating air to pass through the line cubicle. A chimney and Figure 2

grill work over the breaker allows for expansion of gases due to '

breaker interruption and ventilation of the breaker compartment.

Rotating, disconnecting potential transformers and fuses are Figure 3, 10/98 at CPS, while in
‘trunnion mounted. The rotating assembly is mechanically Cold Shut(.lown Bus 1‘?‘1 was
connected to the front door-of the compartment. Opening the momentarily de-energized causing

the loss of Shutdown Cooling. An

door rotates the assembly, breaking the primary and secondary
pperator opened the wrong PT

contacts and grounding the high voltage fuses. A shutter swings

down to block access to the high voltage contacts in the fompartment while attempting to
disconnected position. Closing the door rotates the assembly rtepl::lcde fuses from a Tagout. DG 1
btarted.

into the connected position. NOTE: Opening PT cubicles can
cause simulated loss of voltage or ESF actuations.

Control Cubicle

The control cubicle is bolted to the top of the breaker/bus Figure 4
cubicle. It provides for control function items such as fuses,
control relays, terminal blocks, mechanism operated cell
switches (MOC), etc.
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The control power fuse blocks are designed such that they can be
inserted upside down as a “storage” position when it is desired to
have the control power deenergized. This practice is NOT
allowed at CPS. This does provide an opportunity for human
error, however.

STUDENT ACTIVITY
What human error reduction techniques can help to prevent putting a
control power fuse block in upside down?

Breaker/Bus Cubicle

The breaker/bus cubicle is a welded assembly which contains the
major functioning equipment such as the breaker, disconnect
contacts, main bus and current transformers. It also contains the
levering screw, shutter, interlocks and additional auxiliary
switches.

Shutter and Barrier

Insulating barriers and an insulating shutter are mounted in front
of the main contact supports. An operating arm is pivoted to the
side of the breaker/bus cubicle and is linked to the shutter. The
shutter is automatically raised by the action of a roller on the
breaker against the cam surface of the shutter arm when the
breaker is racked into to the connected position. When the
breaker is racked out of the connected position, the shutter drops
by gravity. The barriers and shutter, when closed, act as a
physical barrier to the main contacts which may be energized.
Opening the shutter exposes the main contacts. The shutter
should not be removed or raised unless the main contacts are de-
energized.

IER 11-3 - Controlling plant
evolutions precisely.
[ ]

Figure 5

Figure 5
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Main Bus, Main Bus Taps, and Ground Bus Contact

The conductors are made of copper. The main bus (bus bars),
main bus joints and taps are insulated. The bus joints are silver
plated and bolted. The main bus supports are porcelain. The
main bus is accessible from either the front or the rear by
removing bolt on covers only after the equipment has been de-
energized. The breaker is connected to an extension of the
ground bus as soon as it is put into the disconnected or the test
position. It is continuously grounded as it is moved from the test
to the operated position.

Levering-In Screw

The levering-in screw is a round threaded bar which is firmly Figure 5
attached to the rear of the breaker cubicle. It is positioned so that
the thread is "aimed" toward the levering-in nut, which is part of
the breaker. When the levering-screw and nut are engaged and
the nut is rotated, the breaker is pulled into the connected [.1.4]
position as the nut’s rotation pulls the breaker along the length of
the threaded levering-in screw.

Guide Rail

The guide rail is a steel bar that is welded to the floor of the Figures S and 7
breaker cubicle. The guide channel on the bottom right hand
side of the breaker engages the guide rail as the breaker is
levered into the housing. The guide rail and channel position the
breaker laterally in the housing.

The guide rail is notched at the front. The notch, in conjunction
with the rail latch on the breaker, provides for a positive stop
with the breaker in the test position. They also act together to
prevent damage to the levering-screw when the breaker is
pushed into the breaker cubicle.

Floor Trippers

There are two floor trippers on the floor of the breaker cubicle [.1.11.1] Figure S
that serve three functions. Refer to Figure 5 during the following

explanations.

The front floor tripper is a machined channel. The right leg [-1.4,.1.11.1]

operates the floor-tripping lever (interlock) on the bottom of the
breaker to automatically trip the breaker when it is inserted or
removed from the breaker cubicle.
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The left leg of the front floor tripper operates the closing spring [.1.9.1] [.1.15.1]
release lever (interlock) on the bottom of the breaker. If the
closing spring is charged, it is discharged as the breaker is
inserted into or withdrawn from the breaker cubicle.

The rear floor tripper operates the floor tripping lever (interlock) [-1.9.1] [.1.15.2]
to hold the breaker trip-free while it is traveling between the test
and connected positions. This is to prevent accidental closing of
the breaker while it is in the intermediate position. This is also
known as the “anti-close” interlock.

Auxiliary Switches

Usually two "a" contacts and two "b" contacts are provided for

breaker equipped with DC control power. The "a" contacts are

normally closed when the breaker is closed and the "b" contacts
are normally closed when the breaker is open.

Mechanism-Operated Cell Switch (MOC)

The MOC switch is an assembly of switches that is operated by a | Figure 4
pin on the breaker mechanism. It is mounted on the right hand [[1.9.2]
side of the control cubicle. It is operated by a lever which is
connected to a vertical rod. The rod extends down into the
breaker cubicle and connects to a pantograph on the side of the
breaker cubicle. The pantograph is an assembly of a channel and
levers. The pantograph is operated by a pin on the breaker [.1.17]
mechanism. As a result, the MOC switch operates with the
breaker contacts and can be used to electrically indicate whether
the breaker is open or closed.

The MOC switch is operated when the breaker pin moves down
as the breaker closes. The pin moving down pulls the MOC
switch rod operating the contacts. In the test position the MOC
switch can be operated with the breaker by pulling out the
pantograph slide engaging the breakers operating pin.

Truck-Operated Cell Switch (TOC)

The TOC switch is an assembly of switches. It is mounted on the | Figure5 [.1.9.3]
rear of the breaker cubicle. It is operated by a lever on the
levering-in screw assembly. The lever is actuated by the breaker
frame when the breaker is levered into the connected position. [1.11.2]
As aresult, the TOC switch can be used to electrically indicate
whether or not the breaker is in the connected position.
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Breaker Position Interlock

The breaker position interlock is a device to prevent putting the Figure. 7 [.1.4]
breaker into the racked-in position. It stops the breaker before
the levering-in nut can engage the levering-in screw. Itis a
mechanically operated assembly mounted on the lower right
hand side of the breaker cubicle. The main part of the assembly
is a formed round bar that is held in the unlocked position by a
spring. The bar can be rotated into a notch in the guide rail and
held in place by a padlock.

Secondary Diséonnecting Contacts

The secondary disconnecting contacts are the connections for the [.1.9.4] FigureS
control leads between the removable breaker and the stationary
breaker cubicle. The control wiring is arranged for drawout
disconnecting by means of a 15-point female receptacle in the
cell. The receptacle is arranged to connect to a male plug on the
rear of the breaker. The female receptacle has a floating
mounting and is located on the left rear of the breaker cubicle..

The plug on the breaker has two different size guide pins, and
the receptacle in the breaker cubicle has two holes that match the
guide pins. This arrangement of pins and holes polarizes the
secondary contacts and aids in aligning them.

Breaker Coding Interlock

The breaker coding interlock prevents the insertion of a breaker [.1.4] Figure 6
into a breaker cubicle with a different rating. The coding system [-1.15.3]

consists of an interference bar on the left side of the breaker
frame and a notched coding plate bolted to the lower left of the
breaker cubicle.
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B. Westinghouse Type DHP Magnetic Air Circuit Breaker

These breakers are removable interrupting elements for use in a
horizontal drawout metal-clad switchgear.

They operate on the magnetic De-ion principle of interruption
where the arc is elongated, cooled, restricted and de-ionized by

the interaction of the arc and the transverse magnetic field
produced by the arc current.

They are equipped with spring-stored energy closing
mechanisms. Each circuit breaker consists of a breaker
assembly, three interrupter assemblies (arc chutes), and a barrier
assembly.

Breaker Assembly

I

The breaker assembly includes a chassis, a mechanism panel, a
stored energy mechanism, a levering device, and various
interlocks.

Mechanism Panel

The mechanism panel, located on the front of the breaker,
contains the control items needed for circuit breaker
operation. These control items include:

Breaker position indicator

MOC switch operating pin

Rail latch

Local Close and Trip plungers

Manual ratchet lever

Closing spring charged-discharged indicator
Secondary contact hand operating rod
Secondary contact handle

Levering-in device operating shaft

Figure 7

2-LP85115, Circuit Breakers 6.9 and 4.16 KV, Rev 005.doc

Page 10 of 74



Content/Skills

Activities/Notes

Stored Energy Mechanism

The spring stored energy mechanism performs two
functions:

a. It stores closing energy by compressing, or charging the
closing spring.

b. It applies the released energy to close the breaker and
simultaneously charge the opening springs.

Charging the Spring

The spring is normally charged by the charging spring
motor. The spring may also be manually charged using a
maintenance handle which fits into a slot in the manual
ratchet lever '

Close and Trip Plungers

Close and trip plungers allow the breaker to be operated
locally. This would be done in only in unusual
circumstances during which remote operation of the breaker
is not available.

A loss of DC Control Power to a breaker will result in both
the loss of the automatic fault trips and as well as the ability
to manually operate the breakers. It is not advisable to
manually trip a breaker suspected of being in an overcurrent
situation, this could result in personnel injury.

When a breaker fails to respond to remote operation, local
operation using the plunger is not normally used unless the
associated bus if first deenergized.

Levering -in Device

The purpose of the levering-in device is to move the circuit
breaker between the disconnected or test position and the
connected or engaged position in the cell. The main parts of the
levering-in device are:

e Levering nut
e Guide tube
e Levering-in shaft

e Levering-in interlock

Figure 7
[.1.9.5]
[1.16.1]

[.1.4][.1.9.6]

Figure 7
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The levering nut is fastened to the guide tube and is loosely
retained in a housing that is fastened to the rear of the breaker
cubicle. '

The operation consists of engaging the rotatable levering nut on
the circuit breaker with the levering screw that is mounted on the
rear wall of the breaker cubicle. By using the levering-in crank
to rotate the levering screw, the breaker is moved between the
connected, test and disconnected positions.

When the levering-in shaft is turned counter-clockwise the
breaker will be withdrawn. When the levering-in shaft is turned
clockwise the breaker will be inserted. When racked fully in, or
when fully withdrawn, the crank will spin freely.

Levering-in Interlock

The levering-in interlock is designed to prevent moving the [-1.4] [.1.15.4]
breaker into or out of the connected position if the breaker
contacts are closed. It consists of a movable key which can enter
an elongated keyway in the front part of the levering-in shaft.
The key is spring operated by the closing and opening movement
of the breaker main shaft via the pole unit operating shaft.

When the breaker is closed, a force is applied to the key causing
it to enter the keyway on the levering-in shaft. Since the key is
pressing against the shaft, it will snap into the keyway on the
first rotation of the shaft as the keyway comes into line with the
key. This prevents further rotation of the levering-in shaft
blocking the levering of the breaker.

If excessive force is applied to the levering-in shaft while the
interlock key is engaged, the levering-in shaft pin, located where
the levering-in crank is attached, will break allowing the crank to
turn freely.

Guide Channel and Rail Latch

The guide channel is an inverted U-shaped channel that is Figure 7
welded along the bottom right hand edge of the breaker chassis. [.1.9.7]
The guide channel cooperates with the guide rail, which is
welded to the floor of the breaker cubicle. The two pieces acting
together position the breaker laterally in the cubicle.

The rail latch is located directly in front of the guide channel. It
stops the breaker in the cubicle just before the levering screw
and nut engage. It also holds the breaker in the disconnected or
test position. This latch prevents damage to the levering-in
screw and nut.
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To lever the breaker into the connected position from the test
position, the rail latch is pressed down and the breaker is pushed
into the cubicle approximately one quarter inch so the levering-
in nut and screw can be engaged.

When the breaker is levered out of the cell and the levering-in
nut and screw have disengaged, the breaker should be pulled out
approximately one quarter inch more to engage the rail latch,
locking the breaker in the test position. With the switchgear
door closed and torqued, this breaker storage location provides
reasonable assurance that configuration control and the seismic
qualification integrity of the switchgear is maintained.

The rail latch must be released to withdraw the breaker from the
test position in the cubicle.

Secondary Contacts

The secondary disconnecting contacts are the connections for the [.1.9.4] Figure 5
control leads between the removable breaker and the stationary
breaker cubicle. The secondary contact plug is mounted on a
moveable bracket on the left side of the breaker chassis. This
permits the contact plug to be extended to the rear with the
breaker in the test position in order to make contact with the
stationary receptacle in the breaker cubicle.

To engage the secondary contacts while the breaker is in the test [.1.9.8]
position, lift the secondary contact hand operating rod enough to Figure 8
release it from the mechanism panel and push to the rear until the
cross pin in the hand operating rod goes into the slots in the
secondary contact engaging handle. The handle is then pressed
down to make final engagement of the secondary contacts.

Break;ar Position Indicator and MOC Switch Operating Pin

The breaker position indicator is a lever assembly secured to the Figures 4 and 7

main shaft of the breaker operating mechanism where it projects [.1.10.3] [.1.10.4] [.1.11.3]
through the right hand side of the breaker chassis. Movement of »
this lever is directly related to movement of the breaker
mechanism and contacts. Open and Closed nameplates on the
right side of the mechanism panel are located to indicate
respective position of the breaker contacts.
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A heavy pin welded to the breaker position indicator lever [.1.12.1]
projects to the right of the breaker chassis. As the breaker is
levered into the cubicle this pin engages a channel member of
the MOC switch mechanism. The MOC switch is operated by
the pin each time the breaker is operated. At Clinton, MOC
Switch engagement is optional in the test position, by way of a
sliding channel in the pantagraph assembly.

Floor Tripping and Closing Spring Release Interlocks

The floor tripping and closing spring release interlocks operate [.1.14] [.1.15.1] Figure5
to trip the breaker and discharge the closing spring when the
breaker is inserted into or removed from the breaker cubicle.

Cam plates (channels) on the cell floor lift trip levers on the
underside of the breaker. The floor tripping and closing spring
release levers on the underside of the breaker are coupled to
cams located on the breaker mechanism panel which operate to
engage the breaker tripping and close spring release triggers.

C. Cutler-Hammer DHP-VR Vacuum Circuit Breakers

These breakers are removable interrupting elements for use in a
horizontal drawout metal-clad switchgear.

They are equipped with spring-stored energy closing
mechanisms. Each circuit breaker consists of a breaker
assembly, three vacuum interrupter assemblies and a barrier
assembly.

The major difference between the DHP and the DVP breakers [.1.13]
are the vacuum interrupters used on the DVP breakers. The
DVP breakers also have a second trip solenoid which is actuated
by Recirculation Pump Trip (RPT) / Reactor Protection System
(RPS) circuitry. These breaker are used for the RPT function to
achieve a shorter period of time from actuation signal to arc
suppression.

The breaker cubicles on 781 Fuel Building are slightly different | Figure 9
from the other 6.9KV and 4KV switchgear cubicles.
Functionally the cubicles are the same.

The Local Close and Trip Plungers and the local breaker position
indication are different on the Cutler-Hammer breakers but are Figure 10
. functionally the same as the Westinghouse breakers.
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Placing these breakers in test is slightly different due to the Figures 8 and 11
arrangement of the Secondary Contact Operating Rod. Whereas [.1.13]

the Westinghouse rod is hinged to hang vertically, the Cutler-
Hammer is hinged to swing horizontally. Also, the Secondary
Contact Handle, which is pushed DOWN in the Westinghouse
breakers to ensure solid contact, is instead pulled TOWARD the
operator on the Cutler-Hammer.

Westinghouse and Cutler-Hammer Breaker Control Schemes

If the control power fuses are installed, as soon as the secondary Figure 12
contacts make up, the spring charging motor will start to charge [[1.2.1] [.1.14]
the closing spring. When the spring is completely charged the
motor cut-off switch (LS/b) will open to turn the motor off and
the LS/a switch will close. The LS/a switch is a permissive in
the breaker close circuit. This switch prevents a closing attempt
while the spring is charging.

The breaker is closed by energizing the spring release (SR) coil
on the breaker mechanism panel. This releases the closing
spring to close the breaker. The SR coil is interlocked with the
latch check switch (LC. SW). This switch ensures the closing
spring is charged and latched prior to closing.

The breaker can be tripped by energizing the trip coil (TC) via
the control switch or by action of protective relays. This releases
the trip latch allowing the opening springs to open the breaker.

With the breaker in the test position, TOC switch contacts 3-4
and 7-8 are closed and contacts 1-2 and 5-6 are open. With the
remote/local switch in local, contacts A6-B6 and C6-D6 are [-1.12.2] [.1.2.3] [1.3.1] [1.3.2]
closed. Breaker control is now at the cubicle and the control '
room has no breaker control. Local breaker control via the local
control switch requires the breaker to be in the test position as
sensed by the TOC switch contacts and the remote/local switch
in local. If desired, the remote/local switch can be placed in
“remote” and the MCR has control via contacts A5-BS C5-DS5.

With the breaker in the connected position, the control room has
control of the breaker no matter what position the local/remote
switch is in. TOC switch contacts 3-4 and 7-8 are open with the
breaker racked in.

When the SR coil is energized, the breaker closes. When the
breaker closes, auxiliary contacts 52/a close and 52/b open. The
spring release coil de-energizes and the motor charges the
closing spring again. The trip circuit is also set up when the
breaker is closed.
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dIf the control switch is held in the close position, the Y coil will
energize. If the control switch is turned to close and released the
Y coil will probably not energize. When the breaker is closed,
the Y contacts set up what is called "anti-pumping." If the
breaker trips while the control switch is held in the close
position, the Y coil prevents a reclosure attempt.

In the racked out (disconnected) position, all control power is
removed from the breaker.

The red (breaker closed) indicating light is powered in series
with the breaker Trip Coil (TC). Illumination of the red light is
an indication that tripping power fuses are installed and power is
available to the Trip Coil. This is a design feature that
demonstrates tripping circuit integrity. The same case cannot be
made for closing power through the observation of the green
light.

STUDENT ACTIVITY
Using E02-1SA99-sheets 001 and 004, have all students analyze the
drawing to determine how:

1. The automatic start of 0SA01C, the “0” Service Air Compressor
is achieved. (On low pressure, SA11CR is energized, making
up contacts that energized the closing circuit. This can only
occur if the MCR switch is in the correct position)

2. The automatic trip of 0SA01C is achieved. (The compressor
safety circuits energize 7CR, which energizes the Trip Coil for
0SA01C).

[1.2.2]
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E.  Westinghouse and Cutler-Hammer Breaker Local Operation

Control Power Fuses

Control power fuses shall be pulled prior to racking a breaker in, out
or to test. A problem can be created when certain 6900 and 4160 volt
breakers are racked out to the test position with the control power
fuses installed and the auxiliary (secondary) contacts not made up. If
the breaker is cycled remotely for testing or troubleshooting, the anti-
pump (Y) coil remains energized after the breaker has been opened.
Had the auxiliary contacts been make up the Y coil would have de-
energized when the control switch is released. If the breaker is then
racked in with the Y coil still energized, and an attempt is made to
close the breaker, it will close but will immediately trip.

Breaker Racking Operations

CPS procedure 3515.01 contains operator actions for all 6900V and
4160V breaker operations and SHALL be used whenever performing
these evolutions. Some figures in this lesson plan are also
incorporated in 3515.01. Westinghouse and Cutler Hammer Breakers
have the following racking evolutions performed on them:

e Placing a Westinghouse DHP or Cutler-Hammer DHP-VR
Switchgear Breaker In The Racked-Out/Disconnected Position

o Placing a Westinghouse DHP or Cutler-Hammer DHP-VR
Switchgear Breaker In The Test Position

e Placing a Westinghouse DHP or Cutler-Hammer DHP-VR
Switchgear Breaker In The Drawn-Out/Removed Position

e Placing a Westinghouse DHP or Cutler-Hammer DHP-VR
Switchgear Breaker From Drawn-Out/Removed To
Test/Disconnected Position ’

e Placing a Westinghouse DHP or Cutler-Hammer DHP-VR
Switchgear Breaker In The Racked-In/Connected Position

Using a copy of 3515.01 and the figures provided, review the
interlocks and features while reviewing the various breaker operations
covered. (If available, perform the racking operations at the
Maintenance Learning Center, where a Westinghouse and a GE
breaker are installed in cubicles with control power.)

Figure 4-11
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Charging the Closing Spring Manually [.1.9.5,.1.16.1] Figures 7 and 10

1. Place the end of the manual charging lever in the slot in the
manual ratchet lever.

2. Charge the sprihg with several downward movements of the
lever until the lever suddenly turns freely and a positive
metallic click is heard

3. Remove maintenance closing lever
Closing the Breaker Manually
Note:

There is an inherent safety concern when operating these
breakers locally. This evolution is only performed as a last
resort when a breaker MUST be operated to prevent damage to
equipment or injury to personnel. Control logic functions
associated with the control switch position and control power
relays may be inoperative when manually operating breakers due
to a loss of DC.

Westinghouse Breakers:

Place finger under the close-release magnet plunger marked "Lift | [.1.16.2] Figure 6
to Close" and lift.

Cutler-Hammer Breakers:

Press the “Push to Close” pushbutton Figure 10

Note:

When control power is not available for closing, it may also not
be available for tripping. An evaluation of the hazards related to
lack of tripping power must be made before closing the breaker
under these conditions. (protective relays may operate to
energize the trip circuit, but the breaker will not trip due to a lack
of tripping power)
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Tripping the Breaker Manually
Westinghouse Breakers:

Place finger under the close-release magnet plunger marked "Lift | [.1.16.2] Figure 6
to Open" and lift. '

Cutler-Hammer Breakers:

Press the “Press to Open” pushbutton. | Figure 10

Interim Summary

Most of the high voltage breakers in the plant are the o
Westinghouse type. CPS has a history of problems concerning
breakers not functioning properly; sometimes due to being
improperly racked. Any difficulty encountered during breaker
positioning must be reported immediately to avoid equipment
damage or personnel injury. Having an understanding of the
interlocks and control schemes will allow the operator to more
quickly recognize when something is not working normally.

General Electric Metal Clad Switchgear

Each unit is made up of a secondary and primary enclosure. The
secondary enclosure is located at the breaker withdrawal side of
the unit.

Secondary Enclosure

The secondary enclosure consists of a compartment with a
hinged door upon which are mounted the necessary instruments,
control and protective devices. The terminal blocks, fuse blocks,
and some control devices are mounted inside the compartment.

Primary Enclosure
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The primary enclosure contains the high voltage equipment and
connections arranged in compartments to limit the effects of
faults in order to minimize damage.

Potential Transformers

The potential transformers are located in a compartment Figure 13
above the current transformers. The transformers are
mounted in a moveable carriage equipped with primary and
secondary disconnecting devices.

When the potential transformers are disconnected, they are at
a safe distance from all live parts of the switchgear. A
grounding device is also provided which contacts the fuses
when the potential transformers are disconnected. This
effectively discharges the transformers. In this position the
transformers may be safely removed.

Note the warning on the Div 3 Reserve Feed PT cubicle
door:

CAUTION
OPENING DOOR COULD
CAUSE ESF ACTUATION

Breaker Elevating Mechanism

The elevating mechanism, for elevating or lowering the [.1.19.1]
removable element to or from it's connected position, supports Figure 14
the removable breaker element in the connected position.

In the test position the breaker is lowered to the guide rails and
withdrawn from the fully inserted position approximately 2 1/4
inches.

The mechanism consists of heavy duty jack screws on which are
carried nuts to support the elevating carriage. The carriage is
designed so the removable element can be inserted or withdrawn
after the carriage has been lowered to the disconnected position

. without removing any. bolts or screws.

Guide rails are built into the metal-clad frame to guide the
removable breaker element into the correct position before the
breaker is raised to the connected position.

The breaker cannot be lowered or raised until it has been opened.
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The breaker cannot be closed except with the breaker either in
the connected or the test position.

There is no TOC switch associated with the GE breaker. Instead
there are 2 limit switches that sense elevating mechanism
position. The upper limit switch is made up when the elevation
mechanism is fully raised and the lower limit switch is made up
when the elevating mechanism is fully lowered.

4160V Div 3 Racking Device

The Division 3 General Electric Magna-Blast breakers utilize an
elevating motor to raise or lower the elevating mechanism. Due to the
very high arc flash potential of the Division 3 breakers, CPS uses a
SARRACS unit to perform this function.

The SARRACS unit consists of a gear motor mounted onto a mobile
metal frame. The gear motor is vertically adjustable via actuator
control on the SARRACS frame. The gear motor is laterally movable
with linear spring loading. The gear motor incorporates a digital
encoder for position control and sensing. The gear motor controls are
located in a control box also mounted on the SARRACS frame. The
SARRACS is controlled from a portable “operators station” connected
to the SARRACS control box by a 75 ft communications/control
cable.

When connected to the breaker/cell racking mechanism via the
“Racking Adaptor” the gear motor is run CW or CCW as required to
affect the “Racking” in or out of the breaker. The gear motor direction,
speed, over current limits, ramp up and down times, etc. are controlled
via the PLC program and the Variable Frequency Drive. Most of these
values can be set via the Operators Touch Screen.

The operator defines the breaker starting position via the Operators
Touch Screen. The Gear Motor Encoder and the PLC generate a linear
counter to monitor and contro] the location and movement of the
breaker as it moves from one position to the other. This linear counter
is utilized to monitor the breaker position and initiate stopping of the
motor at the proper final breaker position. The linear counter monitors
and controls the breaker position to an accuracy of .001 inches. Travel
counts and stop point counts are set via the Operators Touch Screen.

Gear motor over current protection and current limit are controlled by
the PLC and the Variable Frequency Drive. These values are set via
the Operators Touch Screen.

[.1.19.2]
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As the racking torque required for a breaker varies widely depending
on its location (free travel, shutter operation, finger cluster
engagement, etc), it is difficult to establish one over torque level that
will adequately protect the breaker and cell during the racking process.
The SARRACS solves this problem with its Profile Torque Protection.
Utilizing the Gear Motor Encoder and the Variable Frequency Drive,
the PLC generates a torque vs. position record for each individual
breaker. This torque vs. position record (Torque Profile) is stored in
the PLC Memory. Anytime a breaker is racked in or out, the PLC
compares the active torque with the stored torque (Torque Profile) for
that breaker. If the active torque is sufficiently greater than the stored
torque, a “ Profile Trip * is initiated and the breaker is automatically
racked to the disconnect position. The “Torque Profile” can be
updated via Operator Touch Screen commands. The level at which the
“ Profile Trip” is initiated can be set via the Operators Touch Screen.

Positive Interlocks

The positive interlock is located on the right hand side of the
breaker cubicle. It has two functions:

a. It prevents raising or lowering a breaker except when the
primary contacts are open.

b. It prevents.closing the primary contacts when the breaker
is being raised or lowered by blocking the operating
mechanism both mechanically and electrically.

There is a “V” in the upper and the lower ends of the positive
interlock cam.

When the breaker is in the connected position the positive
interlock roller should be centered in the upper “V”. This
. releases the positive interlock allowing the breaker to be closed.

When the breaker is fully lowered the positive interlock, roller
should be centered in the lower “V”. This also releases the
positive interlock allowing the breaker to be closed.

Spring Discharge Cam

The spring discharge cam is mounted on the left hand side of the
breaker cubicle and operates in conjunction with a spring
discharge interlock on the breaker.

When entering a breaker into it's cubicle, the spring discharge
cam will hold the breaker trip free and the closing springs

[.1.20.1] Figure 16

[.1.19.3]

[.1.19.4] Figure 16

[.1.20.2]
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discharged until the breaker is approximately one-quarter inch
off the floor. At this point the positive interlock is blocking
charging of the closing spring and holding the closing circuit
open.

While the breaker is being lowered the closing springs are still
charged but the positive interlock blocks the breaker from
closing. When the breaker is approximately one-quarter inch
from the cubicle floor the spring discharge interlock holds the
breaker trip free. This discharges the closing springs and holds
them discharged as long as the breaker is in the unit.

To operate the breaker in the test position, it is pulled forward
(out of the cubicle) approximately 2 1/4 inches until a notch in
the spring discharge cam releases the breaker interlock. The
breaker can then be operated manually or by assembling the test
coupler, electrically.

Breaker Interference Stops

Stops are provided in the breaker cubicle to prevent the insertion
of a breaker with a different rating. The stop plate is bolted to
the left side of the cubicle frame near the floor. A projection on
the breaker frame will interfere with the cubicle stop plate if an
attempt is made to insert a breaker with a different rating.
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Auxiliary Switch

The auxiliary switch (52 STA on the prints) is located above the [.1.20.3] Figures 14 & 18
breaker. In the connected position, an operating plunger on the
breaker will extend when the breaker is closed. The breaker
operating plunger will make contact with and operate the
auxiliary switch operating rod in the cell. The auxiliary switch
serves the same purposes as the MOC switch for Westinghouse
and Cutler Hammer breakers.

A mechanical jumper can be assembled between the two rods for
auxiliary switch operation while the breaker is in the test
position.

Auxiliary (Secondary) Contacts

The auxiliary contacts are the connections for the control leads [.1.19.5]
between the removable breaker and the breaker cubicle.

An auxiliary contact jumper cable is provided. With the breaker [.1.20.4]
in the test position, this jumper cable connects the contact block
on top of the breaker to the contact block in the cubicle.

F.  General Electric Magna-Blast Circuit Breaker

The magne-blast circuit breaker has two principle components;
the breaker element and the operating mechanism.

The breaker operating panel, located on the front of the operating

mechanism contains the following: Figure 17
1. Breaker Open/Closed indication [-1.20.5]
2. Breaker closing springs Charged/Discharged indication [.1.20.6]

3. Breaker Trip Pushbutton
-4, Breaker Close Pushbutton
Breaker Element

The breaker element consists of three similar pole units, each of
which includes the current carrying parts, main and arcing
contacts, interrupter, and an enclosed barrier system that
provides insulation between poles, or phases and to ground.

The primary connections to the switchgear are made through ball
contacts at the top of the breaker bushings.
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Operating Mechanism

The operating mechanism is a stored energy type designed for
high speed opening and closing. The mechanism operates on d-c
voltage.

Closing and opening operations are controlled either electrically
from the switchgear with the breaker racked down or remotely
from the control room, or mechanically by the manual close and
trip levers on the breaker.

Spring Charging

The mechanism has a high speed gear motor that compresses a Figure 15
set of closing springs through the action of an eccentric, ratchet
and paw] assembly.

During the time the closing springs are being compressed a relay
is energized to hold the closing circuit open. This relay remains
energized until the springs are fully compressed and the control
switch contacts are reset.

The closing springs may be compressed manually if control [.1.21.1] Figure 17
power is lost. A 5/8" ratchet wrench can be used to rotate the
eccentric in a counter-clockwise rotation until the indicator reads
charged and the driving pawl is raised from the ratchet wheel.
The use of a ratchet wrench provides for personnel safety in the
event control power is restored without warning.

Closing Operation

The breaker can be closed electrically by energizing the spring
release solenoid or manually by pushing the close pushbutton.

When the closing operation is complete and the closing latch is
reset, the contact of the latch monitoring circuit closes. This
permits the spring charging motor to energize and recharge the
closing springs.

During the closing operation the opening springs are compressed
and held ready for an opening operation.

Opening Operation

The breaker can be opened either electrically by energizing the Figure 17
trip coil or manually by pushing the trip lever.
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Trip Free Operation

If the trip coil is energized while the breaker is closing, the
breaker will re-open and the closing springs will recharge as
soon as the breaker is closed.

Spring Release Interlock

The spring release interlock discharges the closing spring and [.1.19.6] Figure 16
opens the breaker when the breaker is withdrawn from or
inserted into the breaker cubicle.

Positive Interlock

A positive interlock and interlock switch are provided between Figure 16
the breaker and the switchgear to prevent raising or lowering the
breaker in the cubicle while the breaker is in the closed position
and to prevent closing operation when the breaker is not fully
lowered or fully raised.

With the breaker open, as soon as it is raised off the floor of the [-1.19.3]
cubicle or lowered from the connected position (roller not in
VEE) the positive interlock roller is pushed forward by the shape
of the positive interlock cam located on the right hand side of the
cubicle. When the roller is pushed forward the breaker is
mechanically blocked from closing and a limit switch is opened
which electrically disconnects the closing circuitry.

With the breaker closed, the positive interlock roller is
mechanically prevented from moving. This prevents the breaker .
from being raised or lowered with the breaker closed.
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G. General Electric Breaker Control Schemes

Spring Charging
The spring charging motor circuit is interlocked with the 52/IS, Figure 20
52/SM-LS and the 52/CL-MS switch contacts. The 52/IS [-1.4]

contacts prevent raising/lowering of the breaker while in the
closed position and to prevent closing of the breaker and
operation of the charging motor except in the full raise or lower
positions. The 52/SM-LS contacts are for the motor cut-off
switch. The first set of contacts permit charging when the spring
is discharged and the second set of contacts energize the 52Y
(Anti-Pump Relay) to prevent breaker pumping if the breaker
trips while a close signal is being maintained. The 52/CL-MS
contacts monitor the status of the closing latch. If the closing
latch does not reset, the CL-MS will prevent the charging motor
from operating and continually discharging the springs. In the
lowered position the latch is prevented from holding the springs
by the spring discharge cam, except in the test position. With the
breaker in the full raise or test positions the springs will charge
as soon as the motor disconnect switch (TD) is turned on.

Breaker Controls

The control room control switch is in the circuit at all times. The | Figure 21
test switch at the breaker cubicle is interlocked with the [.1.4]
52LS/LOWER contacts. The test switch functions only when
the breaker is in the fully lowered position.

The closing circuit is interlocked for fully raised or lowered
operation by the 52/IS contacts.

On a closing operation, the closing coil (52X) is energized to
release the closing springs via the control switch, 52/IS, 52Y and
52/LC contacts. As soon as the springs discharge, 52/SM-LS
contacts 1-2 and 3-4 close. When contacts 1-2 close, the closing
springs recharge. When contacts 3-4 close, the 52Y relay is
energized for anti-pump protection. '

Upon closing, the 52/a contacts close and place the trip coil in
the tripping circuit.

Unlike the Westinghouse and Cutler-Hammer breakers, the
green indicating light for a GE breaker remains ON when the
control switch is placed in Pull-to-Lock (PTL).
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H. General Electric Breaker Local Operation

Breaker Racking Operations

CPS procedure 3515.01 contains operator actions for all 6900V
and 4160V breaker operations and SHALL be used whenever
performing these evolutions. Some figures in this lesson plan
are also incorporated in 3515.01. GE Magnablast Breakers have
the following racking evolutions performed on them:

e Placing a Div 3 4160V Switchgear 1C1 Breaker In The Figures 14-19
Racked-Out/Racked-Down/Disconnected Position

e Placing a Div 3 4160V Switchgear 1C1 Breaker In The
Test Position . '

e Restoring a Div 3 4160V Switchgear 1C1 Breaker From
The Test Position '

e Placing a Div 3 4160V Switchgear 1C1 Breaker In The
Drawn-Out/Removed Position

e Placing a Div 3 4160V Switchgear 1C1 Breaker From
Drawn-Out/Removed To Racked-Out/Racked-
Down/Disconnected Position

e Placing A Div 3 4160V Switchgear 1C1 Breaker In The
Racked-In/Racked-Up/Connected Position

e Manually Connecting A Div 3 4160V Switchgear 1C1 [.1.21.2]
Breaker (Loss of Control Power)

e Manually Connecting A Div 3 4160V Switchgear 1C1
Breaker (Loss of Control Power)

Using a copy of 3515.01 and the figures provided, review the
interlocks and features while reviewing the various breaker
operations covered. (If available, perform the racking operations
at the Maintenance Learning Center, where a Westinghouse and
a GE breaker are installed in cubicles with control power.)

Interim Summary

The Div 3 bus and the Div 3 breakers are different from the
Westinghouse/Cutler-Hammer equipment in form, but not in
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function. The operator will do significantly fewer racking
evolutions for the GE equipment versus the
Westinghouse/Cutler-Hammer. The operating procedure gives
excellent guidance on all of the components and must be referred
to during every racking evolution.

SYSTEM IMPACT/CONSEQUENCES

Failure to push the levering-in device back into the breaker [.1.18.1]
cubicle prior to shutting the door on a Westinghouse breaker
could cause wiring and relay damage. The device could come in
contact with wiring and/or relays located on the compartment
door. ‘

Failure to turn the motor disconnect toggle switch to on after [1.18.2]
racking in a GE breaker would make the breaker inoperable.
The closing springs would not charge and the breaker would not
close when required.

There are interlocks on both the Westinghouse and GE breakers [-1.18.3]
to prevent racking them into the connected position with the
breaker closed; the levering-in interlock on the Westinghouse
breaker and the positive interlock on the GE breaker.
Improperly racking a breaker to the connected position by using
excessive force could cause breaker damage. If a breaker were
not correctly restored to service it would not function
automatically or remotely.

When racking any breaker to the connected position if the [.1.18.4]
auxiliary/secondary contacts are not fully made up the breaker
would be operable. The closing springs would not charge and -
the breaker would not close when required.
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OP-AA-108-106, EQUIPMENT RETURN TO SERVICE:

a. If asafety related 4160-volt breaker has been racked out
then upon being racked in the breaker shall be
functionally tested in the connected position.

b. If a safety related 4160-volt breaker has had its control
power fuses removed, following reinstallation of the
control power fuses the fuses shall be verified not blown.
This may be done by verifying voltage on the load side
of the breaker.

MA-AA-716-012, POST MAINTENANCE TESTING:

Any size/voltage breaker maintenance upon being racked in
the breaker shall be functionally tested in the test or the
connected position.

Per CPS 3501.01, HIGH VOLTAGE AUXILIARY POWER
SYSTEM:

a. When verifying breakers racked in, verify that the
charging spring motor circuit is energized.

b. Prior to racking out or in a 4160 or 6900-volt breaker
remove the control power fuses.

c. The safety related Westinghouse spare circuit breakers in
the safety related switchgear (Div I and Div II), or idle
circuit breakers in any division, that are disconnected and
left in the cubicle, shall be stored in the disconnect
position with the rail latch engaged, the door closed and
torqued when maintenance is not being performed on the
breaker.

Refer to the following procedures prior to racking breakers
in/out.

e SA-AA-129, Electrical Safety

e CPS1014.11, 6900/4160/480V Switchgear/Circuit
Breaker Operability Program

e CPS 3515.01, Operation of 6900/4160/480V Circuit
Breakers

e CPS 3515.01M001, 6900/4160/480V Circuit Breaker
Diagrams
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V. Interlocks
" Breaker and Bus Interlocks

Interlocks associated with the high voltage busses and breakers
are described in the “Components” section of this lesson plan.
Other interlocks for individual applications are covered in the
system lesson plans. :
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VL.

Controls/Instrumentation/Power Supplies
Power supplies

All high voltage breakers use 125VDC from either a divisional
or non-divisional source.

e 69KV and 4KV Bus 1A are supplied by DC MCC 1E
e 6.9KYV and 4KV Bus 1B are supplied by DC MCC 1F
e 4KV Bus 1A1 is supplied from DC MCC 1A
e 4KV Bus 1Bl is supplied from DC MCC 1B
e 4 KV Bus 1C1 is supplied from DC MCC 1C

Additionally, each non-safety bus can be supplied with DC
control power by removing the fuses from the “NORMAL”
supply and inserting them into the “RESERVE” supply at the
bus. The reserve supply is fed from the opposite non-safety DC
source (the 1A busses alternate feed is from DC MCC 1F).

DC control power provides power for breaker position indicating
lights. All high voltage breakers have indicating lights on their
cubicle door and in the Main Control Room. Breakers with
control switches on the Remote Shutdown Panel will also have
indicating lights on that panel that are active only when control
is from the Remote Shutdown Panel.

Controls and Instrumentation

Individual breakers will have their respective controls and
associated indications covered in the system lesson plans for
those loads.
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C. Significant Annunciators

High voltage breakers have various alarms associated with them.

All have an “AUTO TRIP” alarm. The following activity will
familiarize the student with the control logic and allow him/her
to determine what alarms a particular breaker has.

STUDENT ACTIVITY

Break the students into three groups. Provide each group with a
copy of E02-1SA99 sheets 001 and 004).

Using the E02’s for0SA01C, Service Air Compressor 0, have the
students trace the control power and describe how the following
annunciators function (each group gets one alarm).

AUTO TRIP SERVICE AIR COMPRESSOR (part of the
common trip annunciator for window 5040-1A.

AUTO START SERVICE AIR COMPRESSOR 5041-6B
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VIl. Interrelationships

A. Support Systems

DC Control Power

B. Systems Supported

High voltage circuit breakers support various systems by

delivering or interrupting AC power to loads.

Aux Power

»  Feeder Breakers to the 6.9KV and 4KV busses

»  Feeder Breakers to 480VAC Unit Subs

Condenser Vacuum
Condensate

Condensate Booster
Plant Air

Feedwater

Plant Service Water
Circulating Wate;r
Drywell Cooling

Plant Chilled Water
Reactor Recirculation
Residual Heat Removal
Low Pressure Core Spray
High Pressure Core Spray
Control Rod Drive

Fuel Pool Cooling

[.1.7]
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VIIl. Technical Specifications

A.

Safety Limits

There are no safety limits associated with these components.
Limiting Conditions for Operation (LCOs)

ITS 3.8.9 Distribution Systems-Operating

ITS 3.8.10 Distribution Systems-Shutdown

If a bus becomes INOPERABLE for seismic or other concerns,
the appropriate Spec (3.8.9 or 3.8.10) is entered. Exact actions
will depend on plant conditions and which bus is involved.

In addition, if a breaker is rendered INOPERABLE the
component supplied via that breaker becomes INOPERABLE,
and the associated Tech Spec(s) is/are entered. Exact actions will
depend on plant conditions and which breaker is involved.

CPS 1014.11, 6900/4160/480V SWITCHGEAR/CIRCUIT
BREAKER OPERABILITY PROGRAM contains requirements
to track time that a switchgear is seismically unqualified.
Exceeding the time limits results in the bus being declared
INOPERABLE.
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IX. Operational Characteristics

A.

Precautions and Limitations

The following precautions are found in CPS 3515.01,
OPERATION OF 6900/4160/480V CIRCUIT BREAKERS:

PREFERRED LEARNING ENVIRONMENT

At the training annex, have students point out the possible hazards
associated with the breakers, which portions are normally energized,

and which parts will physically move during operation.

SA-AA-129, Electrical Safety shall be referred to when working
on or near energized equipment.

Stay clear of moving or pre-charged parts to avoid personnel
injury.
If a breaker has been determined to have tripped on a fault, or

sticks in mid position between OPEN and CLOSED, or is
unusually difficult to RACK IN or OUT, it should not be reset or

. closed without prior notification of SMngt and Electrical

Maintenance to allow for preliminary investigation.

Breakers should only be “swapped” to different bus cubicles by
specific MWO/AR job step, or in emergencies.

Notify Planning and NSED to update appropriate documentation to
track circuit breakers if an emergency arises and breakers must be
swapped between cubicles.

When "swapping" breakers or installing a spare DHP-VR, the
'snubber bolt' and 'sure close' mechanisms must be adjusted to
match the settings for the new cubicle.

The 1E22-C001 is a GE 4160V Magna-Blast breaker, which when
in the TEST position is prone to movement due to is resting on its
wheels.

If the breaker is moved even slightly, the spring discharge cam
(“V’ notch) actuates a mechanical breaker trip interlock, tripping
the breaker and holding it in a trip-free condition.

Metal non-skid wheel chocks, wedges placed against the front
wheels, are required whenever the breaker is in the TEST position
to prevent breaker movement from the mechanical shock of
operating.
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X. Operating Experience (OPEX)

Given applicable operating experience, describe the lessons learned
to prevent similar occurrences in accordance with the training
materials and applicable procedures.

CIRCUIT BREAKER RELIABILITY
(Based on CR 1-98-10-031 and portions from INPO SOER 98-2)

According to INPO SOER 98-2, at least 60 breaker failure events have
been reported. Over 10% of them were significant, resulting in plant
scrams, forced shutdowns, major equipment damage, or safety system
unavailability. Despite the attention the industry has placed on circuit
breakers, there still occur events where circuit breakers failed to
operate properly because of dried grease or lack of lubrication, a
preventive maintenance procedure that did not include all the steps
needed to address critical clearances and adjustments, or the
preventive maintenance frequency that was not adequate to prevent a
failure before normal wear became a factor. The most frequently
documented cause for circuit breaker failures is degradation of
lubricants. '

Some plants have tried to address the complexities of circuit breaker
preventive maintenance, testing, and refurbishment by sending their
circuit breakers to véndors. It may be surprising to learn, however,
that almost half of the reported circuit breaker events occurring
between 1996 and 1998 involved some form of vendor performance
error during these activities. When a circuit breaker is sent to a vendor
for refurbishment, the condition of that circuit breaker is still the
responsibility of plant personnel. Many of the circuit breakers
described in the following events were installed in plant systems
without being properly checked to see if they worked after receipt
from vendors.
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A. Westinghouse 4,160-Volt Circuit Breaker Failure and
Investigation

Clinton, August 1997 (event 461-970805-1, CR 1-97-08-223)

Read the description of the event on page 1 and 2 Attachment A,
and respond to the following questions.

1. Be able to explain the sequence of integrated plant events?
2. What direct causes are identified in the event description?

3. What would have been different if the plant had been at
power at the time of the event?

B.  Opening Incorrect Electrical Cubicle Causes Loss of Shutdown

Cooling

Event Number: 461-981018-1, Opening Incorrect Electrical IER 17-005:

Cubicle Causes Loss of Shutdown Cooling and Failure to Meet

Required Actions in the Required Time Ineffective operator

fundamental performance led
directly to loss of shutdown
cooling (Line of sight to the
reactor core).

Read the description of the event on page 3 of Attachment A and
respond to the following questions.

1. Be able to explain the sequence of events?

2. What operator mindsets are identified in the event
description that contributed to the error?

3. What behaviors would have prevented this event?
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If the Procedures Are Not Right, Neither is the Maintenance
Preventive and corrective maintenance procedures, work
package instructions, and drawings have, at times lacked the
technical guidance needed to conduct effective maintenance.
Due to the complexity and diversity in circuit breaker designs,
even knowledgeable and experienced maintenance personnel
need accurate instructions and reference material to successfully
maintain circuit breakers.

C. Reversed Polarity Causes A Load Center Breaker Trip Event
Event Number 352-980322-2
Limerick Unit 1, March 1998

Read the description of the event on page 4 of Attachment A,
and respond to the following questions.

1. Which purpose of high voltage breakers does this relate to?

2. What direct causes are identified in the event description?

D. OE14195 - EDG Output Breaker Failed to Close on Demand

Read the description of the event on pages 5 and 6 of Attachment
A, and respond to the following questions.

1. Which purpose of high voltage breakers does this relate to?

2. What direct causes are identified in the event description?

3. What things can be mispositioned on CPS breakers that
might cause a similar problem?

4. What human performance tools should be used to avoid this
type of error?
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Xl. Conclusion/Lesson Summary

All major systems of the power plant require proper operation of
the high voltage circuit breakers. Improper operation can result
in having equipment fail to start or fail to deenergize when called
on. This can result in having to take the unit off line and
deenergize entire busses in order to protect equipment or
personnel. Working around the high voltage breakers presents
personnel hazards due to high voltages and moving parts. Using
error prevention techniques and following sound safety practices
can avoid plant transients and personnel injury.

Students should review the objectives,
not the instructor. Instructors should
read an objective and ask a student to
tell the class what they know or
learned about the topic. By having
the students summarize the
information, it provides the instructor
as well as the students with a guide as
to what’s been learned and what
needs additional emphasis.
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OPEX 461-970805-1

Event Title: Westinghouse 4,160-Volt Circuit Breaker Failure and Investigation

Event On August 5, 1997, with Clinton in cold shutdown, a 4,160-volt (S0DHP350)

Summary: Westinghouse circuit breaker for the A residual heat removal (RHR) pump motor
failed to open when its control switch was taken to the stop position. The failure
occurred as operations personnel were switching pumps to change the shutdown
cooling lineup. The A RHR pump motor had to be deenergized by opening the
feeder breaker to the division 1 safety-related 4,160-volt bus. The spring force that
opens the breaker was insufficient to overcome friction within the breaker due to
insufficient lubrication of the breaker contacts and upper operating mechanism.
This failure mechanism can potentially affect the rest of the station's breakers of
this type (80 breakers total, 26 of those are used in safety-related applications). On
July 22, 1997, a failure to trip of a Westinghouse 4,160-volt breaker was
inadequately investigated in that it involved limited inspection of a failed division 1
safety-related safety bus main feeder breaker (SODHP350). The cause of the failure
was not conclusively determined. In particular, the breaker was not quarantined to
help determine the failure mechanism before it was manually opened. As a result,
station personnel were unable to determine the failure mechanism for the breaker.
In an unrelated event later the same day, another breaker used in a non-safety
related application failed to close. Also, on July 22, 1997, an error in the associated
maintenance procedure was the cause of the component misadjustment. The
procedure erroneously directed the technician to measure travel to the point where a
moving arm just touched the limit switch, rather that the point where the limit
switch acted on the contacts to cause a state change. Subsequent investigation found
most safety-related latch check switches out of adjustment but did not affect circuit
breaker operability. The station's investigation attributed the failure to ineffective
maintenance practices and an ineffective corrective action program for identifying
and correcting previous breaker problems. The preventive maintenance performed,
under the preventive maintenance program, did not require lubrication of the main
and auxiliary contacts in the circuit breakers as recommended by the circuit breaker
manufacturer and also did not provide sufficient instructions to remove the
roughness on the main and auxiliary contacts. The preventive maintenance
procedure did not include all vendor recommended lubrication requirements for
some critical breaker components, including the breaker main and arcing contacts.
This type of circuit breaker uses wedge-finger type contact assemblies where the
moving contact penetrates the space between adjacent stationary mounted fingers.
The potential for increased friction in this contact design makes proper lubrication
critical to the operation of the breaker. In addition to the lack of regular lubrication,
the station practice of cleaning the breaker contacts with freon removed any
residual lubricating agents. As a result, the breaker contacts showed significant
wear and galling, greatly increasing the friction between the contact surfaces. In
addition, a periodic preventive maintenance task to refurbish the breaker was not
established.
As a result, the breaker has been installed in the plant for 18 years without being
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refurbished. Indications of breaker performance such as routine timing
measurements, tracking critical tolerances, and maintaining equipment history were
insufficiently monitored. Comprehensive corrective actions are under development
and will include performing maintenance on all 4,160- and 6,900-volt
Westinghouse circuit breakers that are used in both safety-related and non-safety-
related systems. This maintenance will involve inspecting, cleaning, lubricating,
and testing each breaker. Particular attention is being paid to removing any
roughness and lubricating the main and auxiliary contacts. The applicable
maintenance procedures have been revised accordingly. A procedure is being
developed that will preclude comparable concerns with other breakers. Also, the
frequency for performing the preventive maintenance task on the breakers will be
changed from once every six years to once every three years. On August 6, 1997, a
team of circuit breaker manufacturer experts, independent circuit breaker experts,
failure analysis experts and site maintenance and engineering personnel was formed
to determine the cause of the circuit breaker to fail to open. After extensive
inspection and testing of the circuit breaker, the team determined that the cause of
the failure to open was the sum of the opening forces in the circuit breaker were not
sufficient to overcome the friction from rough and unlubricated main and auxiliary
contacts and degraded lubrication. This event is SIGNIFICANT because division 1
and division 2 electrical systems are affected by the breaker problem since they
both use Westinghouse 4,160-volt breakers. This event is also recurring. SEN 169
dated September 11, 1997 was issued as a recurring significant event. This event
could be indicative of precursors with the potential for future failures. The station
considers this to be a serious degradation of the safety-related electrical system.

2-LP85115, Circuit Breakers 6.9 and 4.16 KV, Rev 005.doc Page 43 of 74



Attachment A-OPEX

Event Title: Opening Incorrect Electrical Cubicle Causes Loss of Shutdown Cooling and
Failure to Meet Required Actions in the Required Time Event Summary
Event Number: 461-981018-1

On October 18, 1998 with Clinton in cold shutdown, operations personnel restoring a tagout opened the
wrong electrical cubical door causing the residual heat removal (RHR) A pump to trip. Opening the
incorrect potential transformer fuse cubicle door resulted in the loss of offsite power to the division 1 bus
causing a loss of shutdown cooling and coolant circulation for the reactor vessel. Technical specifications
require that reactor coolant circulation be established within one hour of loss of shutdown cooling. At
Clinton, the accepted alternate method of reactor coolant circulation in Mode 4 is by use of forced
circulation. The status of these forced circulation systems was such that none of them were immediately
available. It was determined that the most prudent success path for restoring reactor coolant circulation
was the restoration of the A RHR system in the shutdown cooling mode of operation. Shift supervision
referenced the reactor coolant time to boil curves and verified that time to boil was greater than 62 hours
for reactor coolant, prioritized the recovery activities, and determined that restoration of the offsite power
circuit was the immediate priority followed by restoration of reactor coolant circulation. Operations
personnel entered the off-normal procedures for loss of AC power and loss of shutdown cooling and
pursued restoring offsite power. The loss of shutdown cooling off-normal procedure directs the operator to
maintain reactor coolant level greater than 44 inches using the shutdown range reactor vessel level
instruments. This level ensures that there is natural circulation of reactor coolant even without forced
circulation. At the time of this event reactor water level was already greater than 44 inches and therefore,
natural reactor coolant circulation had been established. Reactor coolant circulation was established three
hours and fourteen minutes after shutdown cooling was lost when the A RHR pump was started and
placed into service in the shutdown cooling mode of operation. The cause of this event was initially
attributed to a non-licensed operator opening the incorrect potential transformer fuse cubicle door.
Subsequently it was determined that the procedure for restoration of reactor core circulation did not
adequately support timely system recovery and that the crew's execution of the recovery activities was
insufficient to meet technical specification requirements in a timely manner. This event is not significant
because failure to restore reactor coolant circulation within one hour had little impact on core cooling due
to the minimal decay heat load at the time of the event. Reactor coolant temperature increased three
degrees Fahrenheit during the time it took to restore forced reactor coolant circulation. However this event
is NOTEWORTHY because had this event occurred during reduced coolant inventory conditions,
significant temperature stratification could have resulted.
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Event Title: Reversed Polarity Causes A Load Center Breaker Trip Event
Event Number: 352-980322-2

Summary: On March 22, 1998, with Limerick Unit 1 operating at 100 percent power, the 124B-62 feeder
breaker for the 124B load center tripped. As a result, all equipment from the load center was deenergized.
The cause of the trip was the reversed polarity on one of three current transformers that input into the
solid-state relay. This reversed polarity caused the trip setpoint to be as low as 831 amps compared to the
normal value of 1600 amps plus or minus 10 percent. As a result of the above incident a methodology was
developed to perform on-line testing of current transformers load center breakers for reversed polarity. To
date approximately 130 breakers have been tested on-line and five have been removed from service. This
event is not significant because of prompt operator response and use of appropriate operating procedures
to mitigate potential consequences. This event is NOTEWORTHY because a power reduction to 85
percent was required to repair the degraded equipment. When the load center breaker tripped, another
breaker tripped, an engineered safety feature actuation occurred and reactor water cleanup isolated. LER
352-98005 provides details on the sequence of events following the feeder breaker trip.

2-LP85115, Circuit Breakers 6.9 and 4.16 KV, Rev 005.doc Page 45 of 74



Attachment A-OPEX

Subject: OE14195: EDG Output Breaker Failed to Close on Demand

Abstract: While attempting to operate the 'B' EDG output breaker to bus E-2 (breaker 52/27B) it failed to
close as required. Investigation at the breaker cabinet revealed that the racking pin, which is pulled out
prior to racking out the breaker was in its withdrawn position. The racking pin is a safety feature designed
to prevent racking out a closed breaker, but it would also prevent the breaker from closing if it were
engaged. After consultation with I & C shop electricians, the racking pin was pushed back in and the
breaker subsequently operated successfully. Reason for Message: To make other utilities aware of human
performance errors that led to unplanned unavailability of an important piece of safety equipment.

Event Date:.......ccccevervennenne. 5/30/2002

Unit Name:.......coceecrirnrnenne. Robinson Nuclear Plant
NSS/A-Etciiiieeereienn Westinghouse / Ebasco
Turbine Manufacturer:................. Westinghouse

Maintenance Rule Applicability:.......No
Description:

Following preventative maintenance activities on the 'B' Emergency Diesel Generator, it was attempted to
be paralleled onto the bus late on May 30, 2002. The breaker did not shut in response to its control switch
position. A walk down investigation discovered the racking pin was withdrawn, preventing breaker
operation. The racking pin was properly positioned and satisfactory breaker operation restored at 00:53
on May 31, 2002. Five hours and forty-one minutes of unplanned unavailability resulted. The Fire
Protection AO (FPAO), a fully qualified Auxiliary Operator with 14 years of experience was assigned to
remove the clearance on EDG "B". He and the Makeup Water Treatment Operator (MWTO), a fully
qualified Auxiliary Operator with 7 years of experience, acting as a Peer Checker/Independent Verifier
removed the clearance. As part of this restoration, the breaker for EDG "B" was racked in and the control
power fuses restored. During the evolution of racking the breaker in, the racking pin was left in the
withdrawn position. The procedure, OP-603-1, "Electrical Breaker Operation," states that this racking pin
should be pushed back into the breaker. Neither the FPAO nor the MWTO noted that the racking pin was
left in the withdrawn position. With the racking pin in the withdrawn position a mechanical interlock is
activated to trip the breaker and maintain it tripped. Neither the FPAO, nor the MWTO reviewed the
procedure, which was located on station. This was a routine operation performed under self-imposed time
pressure near the end of the shift. The FPAO had been originally dispatched to restore HVE-15 but had
been stopped and redirected to this job. The WCC SRO assumed the Control Room conducted a pre-job
brief for the evolution. However, no pre-job brief was actually conducted for this evolution as would
normally be expected when restoring an EDG to service. If this had been done, it could have served to
concentrate the operator's attention more fully on the job of restoring the EDG.

The Peer Checker stated that he was not aware that the racking pin being in the withdrawn position had
the affect of preventing breaker closure. There is no formal training lesson plan at the AO level for
breakers. Currently the AO candidates train in the breaker lab in the Technical Training Facility (TTF) by
racking the breakers in and out using the procedure. With past candidates, prior to the issuance of the
procedure, they simply went to the facility and racked the breakers in and out via "skill of craft." Training
instructors involved with this evolution stated that they were not aware of anyone specifically discussing
the interlocks provided by the racking pin.
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Had the effect of racking pin status been more firmly ingrained into the AO's knowledge, it is likely that
its status would have been verified.

The independent verification performed was ineffective. The procedure clearly specifies that this breaker
should have received independent verification. The individual performing the independent verification
used little or no "time separation” between original task performance and performing the independent
verification.

Causes:Root Cause:

The Operators performing the evolution did not reference the procedure prior to or during performance of

the steps.

Contributing Causes:

1.

The AO training program does not contain sufficient level of detail to assure that knowledge of
the affects of the racking pin being withdrawn is disseminated.

The ineffective independent verification failed to assure the correct positioning of the breaker
racking pin engagement.

The restoration evolution was conducted under self-imposed time pressure near the end of shift.

A pre-job briefing was not conducted for returning the EDG to service.

Corrective Actions:

The individuals involved have been counseled.

Each SSO has reviewed this event with their crew, discussed preventative methods for similar
events, and reinforced clear expectations for independent verification.

Perform a training needs analysis of the AO training requirements with respect to breakers.

Reinforce expectations for performance of critical evolutions under time pressure and the need
for a pre-job briefing with shift supervision.

Revise the Outside AO logs to provide a check for the DB-100 racking pins being inserted on
buses E-1 and E-2 when EDG availability is required.
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Licensee Event Report 2016-012-00
A. Plant Operating Conditions before the Event
Unit: 1
Mode: 1
Event Date: 12/05/16
Mode Name: Power Operation
Event Time:
Reactor Power:
2011
99 percent
B. DESCRIPTION OF EVENT
On Décember 5,2016 at 2011 hours, Westinghouse DHP Breaker 1APO9EF for the Residual Heat
Removal (RHR) "C" pump failed to close during the operability surveillance. During the test, the
pump control switch was held in the start position for approximately 3 seconds with no indication of a
pump start. When the control switch was released to the auto position, the pump trip indication
illuminated. The RHR "C" pump was declared INOPERABLE and Technical Specification (TS)
Limiting Condition of Operation (LCO) 3.5.1, "Emergency Core Cooling System-Operating", Required
Action A.1 was entered to restore RHR "C" to OPERABLE status within seven days.
During the event investigation, the breaker charging springs were found to be charged and the latch
check switch contacts open with the breaker installed in the cubicle. The function of the latch check
switch is to'indicate when the circuit breaker is "ready to.close," providing a permissive for the breaker
closure. In restoring the RHR "C" pump to OPERABLE status, the latch check switch was measured
to be zero inches overtravel. The setting was adjusted to an overtravel value of 3/16 inch past the
point that the contacts are closed as specified in plant procedures. Technicians that adjusted the
latch check switch during the post event investigation indicated that the contact resistance was

acceptable and the switch operated mechanically as expected. The mounting screws were
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subsequently verified to be tight following the failure. The breaker was placed back in service and
post maintenance testing of RHR pump "C" was concluded satisfactorily. The RHR "C" pump was

declared OPERABLE on December 6, 2016 at 0822 hours.

NARRATIVE

Breaker performance records indicate that the breaker was prepared for installation in the RHR "C"
pump cubicle on January 19, 2016. The latch check switch setting was measured and recorded at
3/16 inch overtravel at that time. The breaker was installed in the RHR "C" pump cubical on March
11, 2016. On this date, the latch check switch setting before the installation was verified to be
within specification but the value was not recorded. The most likely time that the switch would have
Become out of adjustment would have been during transport to the RHR "C" pump breaker cubicle
on March 11, 2016. The latch check switch verification was not sufficient to identify an out of
adjustment condition.

Following installation on March 11, 2016, the breaker operated satisfactorily on March 11, 2016,
June 9, 2016, and September 6, 2016 prior to the failure. Since it is unlikely that the switch
adjustment would change without breaker operation, it's assumed that switch contacts failed to
close following the last successful surveillance test on September 6, 2016. Consequently, since the
RHR "C" pump breaker would likely not closed since its last satisfactory surveillance oh A
September 6, 2016 until the failed RHR pump operability surveillance on December 5, 2016, this
constitutes a condition prohibited by Technical SpeciﬁCatioﬁs.

C. CAUSE OF EVENT

The cause of this event is that an inadequate latch check switch verification was perlformed prior to
installation of the breaker into the cubicle. The required switch adjustment value of 1/8 to 3/16 inch
past the point that the contacts are closed was verified but not recorded. As a result, a supervisory
review of the switch adjustment value could not be performed 'and the out adjustment condition

went undetected.
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D. SAFETY ANALYSIS

There were no safety consequences associated with the event described in this report. The event is
reportable under 10CFR50.73(a)(2)(i)(B) as an "operation or condition which was prohibited by tfle
plant's Technical Specifications." Failure of the RHR pump "C" to start during the surveillance test
was a condition prohibited by the TS; however, this surveillance failure did not adversely affect the
ability the plant to safely shutdown in the event of an accident. When the pump was declared
INOPERABLE, TS 3.5.1, Required Action A.i was entered to restore it to OPERABLE status. RHR
"C" was restored in approximately 12 hours. The RHR system safety function to transfer fission
product decay heat and other residual heat from the reactor core at a rate such that specified
acceptable fuel design limits and the design conditions of the reactor coolant pressure boundary was
not jeopardized. Since RHR "A", "B" and low pressure core spray pumps remained OPERABLE
during this event, a redundancy of plant components and features remained available to assure that
operation the RHR system safety function could be accomplished.

E. CORRECTIVE ACTIONS

Actions have been initiated to revise plant procédures to ensure the tightness of the mounting
screws of the latch check switch prior to measuring the adjustment value and record the latch

check sWitch setting prior to breaker installation. A sample of completed latch check switch
settings will be reviewed for similar inadequacies.

F. PREVIOUS SIMILAR OCCURENCES

No previous Event Reports were identified which detail an occurrence similar to the event
dgscribed in this report.

G. COMPONENT FAILURE DATA

Manufacturer: Westinghouse

Component Type: DHP 6900, 4160 Volt Power Circuit Breaker

NRC FORM 366A (06-2016) Page 4 of 4
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Figure 1
Westinghouse Switchgear-Front View
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Figure 2
Westinghouse Switchgear-Rear View
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Figure 3
Westinghouse Switchgear-Potential Fuse Cubicle
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Figure 4
Westinghouse Switchgear-Control Module

MOC
Switch and

CONTROL
POWER FUSE
BLOCKS

2-L.P85115, Circuit Breakers 6.9 and 4.16 KV, Rev 005.doc Page 55 of 74



Figure 5
Westinghouse Switchgear-Cubicle Features
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Figure 6
Westinghouse Breaker Coding Plate
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Figure 7
Westinghouse Breaker Features

CIRCUIT BREAKER OPEN / RACKED-IN / CONNECTED POSITION

'?ﬂndicator
OPEN

Guide Rail

Cubicle Coding Plate
Rail Latch
Secondary Contact Hand Operating Rod
Local Breaker operating Close
and Trip plungers

Manual Spring Charging
Ratchet Lever

MOC Switch
Operating Pin/Dowel
engaging
PANTOGRAPH

Breaker Position
Interlock

2-LP85115, Circuit Breakers 6.9 and 4.16 KV, Rev 005.doc

Page 58 of 74



Figure 8
Placing a Westinghouse Switchgear Breaker In The Test Position

Lift and Insert Secondary Contact Press Engaging Handle DOWN until

Hand Operating Rod until retaining it stops to engage the Secondary

pin enters the Engaging Handle slots. Contacts to Test the Breaker in the
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Figure 9
Cutler-Hammer Switchgear Cubicle
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Figure 10

Cutler-Hammer Breaker Features

aker Counter
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Figure 11
Placing a Cutler-Hammer DHP-VR Switchgear Breaker In The Test Position

Swing out and Insert Secondary Pull Engaging Handle TOWARDS you

Contact Hand Operating Rod until it stops to engage the Secondary
until the secondary contacts are Contacts to Test the Breaker in the
initially engaged. RACKED-OUT/DISCONNECTED
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Figure 12
Westinghouse Breaker Scheme
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Figure 13
GE Potential Fuse Cubicle
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Figure 14
GE Switchgear Cubicle
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Figure 15
GE Magna Blast Breaker Elevating Motor
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Figure 16
GE Magna Blast Breaker Interlocks

Spring Release Interlock with Spring Release Interlock with Breaker
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< |
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Figure 17
GE Magnablast Breaker-Front View
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Figure 18
GE Magnablast Breaker-Top View

Breaker Secondary Contact Block

(Top)
Breaker Control Electrical

Interlock Switch

Spring Release Interlock Pin and Auxiliary Switch Positive Interlock Roller and Cam
Cam in the Racked- Actuating Plunger (Pushed out to Trip the Breaker
Down/Disconnect Position and maintain it Trip Free while
(Discharges Closing Springs) raising/lowering breaker)

e g

S
L1

4 1t 'i:“,-:‘ \ '. £
A s 8 Boaar
g ’l‘-rr, o, 2N ﬂ‘“jj

RGBT ik

i ﬁ&é&mﬂ g

2-LP85115, Circuit Breakers 6.9 and 4.16 KV, Rev 005.doc Page 69 of 74



Figure 19
GE Magnablast Auxiliary Switch Mechanical Jumper

Magnablast Breaker Mechanical Jumper Mechanical Jumper installed in cubicle
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Figure 20

GE Breaker Scheme
A A
4 1
4 Wy
2V 778
{5
s s
i/ s 71 ML
52y 7 sws
|
7 1 s
g~ o
Ty
52y
s ¢
‘ (@FURN.]
}fszv
g
/
]%zé 52 5
2?1 e 5 MOTOR
2
= 52 ]
1€
2|_sx
1
A
(IF FLURN,)
59
SMILS
%, n
6''s
8 v
NOTES:

52 CLOSING LATCH MONITORING SWICH IS CLOSED WHEN LATCH IS
CL/MS CAPABLE OF BLOCKING FULLY CHARGED CLOSING SPRINGS.

5215 INTERLOCK SWITCH CLOSED WHEN 52 IS IN FULLY RAISED OR FULLY
LOWERED POSITION.,

_52_ LIMIT SWITCH FOR SPRING CHARGING MOTOR - CONTACTS (1-2) (3-4)
SMILS OPEN AND CONTACT (5-6] CLOSED WHEN SPRINGS ARE FULLY CHARGED.

52X SPRING RELEASE COIL OPERATES LATCH - WHICH RELEASES CLOSING
SPRING TO CLOSE 52.

GE BREAKER SCHEME

2-LP85115, Circuit Breakers 6.9 and 4.16 KV, Rev 005.doc Pagé 71 of 74



Figure 21

GE Breaker Scheme
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OBJECTIVES

Initial: From memory, unless otherwise stated, and with 100% accuracy, in accordance with the course

reference materials and procedures, the trainee shall be able to:

Continuing: Using normally available references, unless otherwise stated, and with 100% accuracy, in
accordance with course reference materials and procedures, the trainee shall:

¥

SRO

" Pg#

-

| _Objective # | . Objective Description RO | NLO | STA |
1.1 STATE the purpose(s) of the Auxiliary X X X X 4
Power System including applicable
design bases.
.1.2 | DESCRIBE the major flowpaths for the
following modes of the Auxiliary Power
System operation.
.1 UAT/RATsto 6.9 & 4.16 KV Loads X X X X 8
2 ERAT/RAT ‘B’/DGto 4.16 KV X X X X 8
Loads
13 DESCRIBE the function, operation,
interlocks, trips, physical location, and
power supplies of the following
Auxiliary Power System components.
.1 Unit Auxiliary Transformers & X X X X 11,12
Cooling Systems
.2 Reserve Auxiliary Transformers & X X X X 11,15,
Cooling Systems 16
.3 Emergency Reserve Auxiliary X X X X 4,8,10,
* Transformer & Cooling Systems 112’50’
4 Non-segregated Phase Bus Ducts X X X X 8,9,10,
20,25
.5 High Voltage Breakers X X X X 6,9,10,
27,33
.6 Non-Divisional High Voltage X X X X 911

Distribution System
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== ExelonGeneration.

i—* ) . PR T . )
[ QObjective# | ____Objective Description =~ | SRO | RO NLO STA | Pg.#
.7 Divisional High Voltage X X X X 5,8,10,
Distribution System 1
.8 480 V Substations X X X X 9
.9 480 V Motor Control Centers X X X X 9,10,
59
.1.4 | STATE the physical location and
function of the following Auxiliary
Power system controls, indicators,
and/or sensors.
1 Unit Auxiliary Transformer related X X X X 12,13
controls, indicators & sensors
.2 Reserve Auxiliary Transformer X X X X 15,16,17,
related controls, indicators & 19
sensors
.3 Emergency Reserve Auxiliary X X X X 20 thru
Transformer related controls, 24
indicators & sensors
4 Non-segregated Phase Bus Duct X X X X 8,25
related controls, indicators &
SEnsors )
.5 6.9 KV Distribution System related X X X X - 8,9,27,
controls, indicators & sensors 38,58
.6 4.16 KV Distribution System related X X x | X 5,8,9,10,
controls, indicators & sensors 27,4145,
47,57
1.5 Discuss the Auxiliary Power system
automatic functions/interlocks including
purpose, signals, set points, sensing
points, when bypassed, how/when they
are.
.1 6.9 KV Normal and Reserve X X X X 34,39
Breaker Control '
.2 6.9 KV Bus Automatic Transfer X X ). X 9
N-CL-OPS-262001, Rev 012 1%
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~=" Exelon Generation.

|_Objective# | .. Objective Description .| SRO | RO | NLO | STA || Pg# |
3 4.16 KV Normal and Reserve X X X X 34,42,48
Breaker Control
4 4.16 KV Bus Automatic Transfer - X X X X 9
.5 480 VAC Bus Tie Breaker X X X X 9,40,43,
Automatic & Manual Transfer 35,57,58
.6 UAT Lockout X X X X 15
.7 RAT Lockout X X X X 19
.8 ERAT Lockout X X X - X 24
9 4.16 KV and 6.9 KV Vital and Non- X X X X 19,20,25,
Vital “F” Lockout 28,2931,
32,61
.104.16 KV and 6.9 KV Vital and Non- X X X X 19,20,25,
Vital “S” Lockout 28,3031,
32,60
.11 Vital 4.16 KV Bus Degraded X X X X 49,65
Voltage : '
.12 Vital 4.16 KV Bus Loss of Power X X X X 49,65
.13 480V Substations X X X X 9,10,38,
‘ 40,4245,
54,58,
59,62
1.6 Given an Auxiliary Power System X X X X 14,18,23,
Annunciator, DESCRIBE: 40,43 44,
50,53,56,
59
a. The condition causing the
annunciator
b. Any automatic actions
c. Any operational implications
1.7 Given the Auxiliary Power system, X X X X 65
DESCRIBE the systems supporting and
the nature of the support.
1.8 Given the Auxiliary Power system, X X X X 66
DESCRIBE the systems supported and ’
the nature of the support.
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=~ Exelon Generation.

] Objective # _Objective Description SRO | RO | NLO | STA | Pg.#

.1.9 | DISCUSS the effect: X X X X 5,7,8,63

a. A total loss or malfunction of the
Auxiliary Power System has on the
plant.

b. A total loss or malfunction of
various plant systems has on the
Auxiliary Power System.

.1.10 | EXPLAIN the reasons for given X X X X 70,73,75,
Auxiliary Power System operating 76
limits and precautions.

A.11 EVALUATE given key Auxiliary
Power System parameters, if needed
DETERMINE a course of action to
correct or mitigate the following
abnormal condition(s):

.1 Placing UAT Cooling in Service X X X X 77

.2 Removing UAT Cooling From X X X X .78
Service '

.3 UAT Degraded Cooling System X X X X 78
response

4 De-energize 4160V Bus X X X X 79
1A1/1B1/IC1

.5 De-energize 6900V & 4160V Bus X X X X 80
1A/1B

.6 Energize 4160V Bus 1A1/1B1/1C1 X X X X 80

.7 Energize 6900V & 4160V Bus X X X X 82,84
1A/1B

.8 Transferring a 6.9 or 4.16 KV Bus X X X X 85
To/From its Reserve {Main} Source

.9 High Voltage 4160V Safety Buses X X X X 87
response.
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=" Exelon Generation.

!
{

Qbjective #

__Objective Description’

SRO

RO

_NLO

sTA

Pe.#_

112

1.13

1.14

1.15

.10 Low Voltage 4160V Safety Buses
response.

.11 Paralleling 4160V Bus Power With
DG

.12 DC Control Power Operations
.13 Backfeed Using MPTs & UATs

Given Auxiliary Power System
operability status OR key parameter
indications, plant conditions, and a copy
of Tech Specs, DETERMINE if Tech
Spec Limiting Condition for Operations
have been met, and required actions if
any.

Given Auxiliary Power System key
parameter indications and plant
conditions, DETERMINE if the
Auxiliary Power Tech Spec LCOs have
been met for one hour or less LCOs.

Given Auxiliary Power System
operability status and a copy of Tech
Specs, DISCUSS the bases for the
Auxiliary Power System Tech Spec
LCO, related safety limits and Limiting
Safety System Settings.

Given Auxiliary Power System initial
conditions, predict how the system
and/or plant parameters will respond to
the manipulation of the following
controls.

.1 Synchroscope Switch Controls

89

91

93,94

95,97

67,68,69

68

67,68,69

23,3942,
43,4748,
52
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=" ExelonGeneration.

| Objective # _ Objective Description _SRO| RO | NLO| STA | Pg#
. .2 4.16 & 6.9 KV Switchgear Local- X X X X 34

Remote Switch Controls

3 4.16 & 6.9 KV MCR Breaker X X X X 39,40,42,
Control Switch Controls 43,48,53

.1.16 | EVALUATE the following Auxiliary

Power System indications/responses

and DETERMINE if the indication/

response is expected and normal.

.1 UAT Lockout X X X X 15

.2 RAT Lockout X X X X 19

.3 ERAT Lockout X X X X 24

4 4.16 KV Bus Loss of Power X X X X 42,43 46,

. 49,51
.5 Trip of DG Output Breaker X X X X 53

N-CL-OPS-262001, Rev 012
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Evaluation Method & Passing Criteria: WRITTEN EXAMINATION WITH SCORE > 80%.

References
USAR Chapter 8

CPS No. 3501.01
CPS No. 3501.01C001
CPS No. 3502.01
CPS No. 3502.01E001
CPS No. 3504.01
CPS No. 3505.01
CPS No. 3505.01E001
CPS No. 3506.01
CPS 3506.01P001
CPS 3506.01P002
CPS 3506.01P003
CPS No. 4001.02
CPS No. 4200.01

High Voltage Auxiliary Power System

Generator Backfeed Checklist

480 VAC Distribution

480 VAC Electrical Distribution Lineup

Main Power and Unit Auxiliary Transformer Cooling
345 & 138KV Switchyard (SY)

345 & 138KV Switchyard (SY) Electrical Lineup
Diesel Generator and Support Systems (DG)
Division 1 Diesel Generator Operations

Division 2 Diesel Generator Operations

Division 3 Diesel Generator Operations
Automatic Isolation, Table 1

Loss of AC Power

ARP 5007-5M (4KV BUS HIGH VOLTAGE)

ARP 5008-5L (4KV BUS LOW VOLTAGE)

ARP 5011-1E (DC FAILURE 6.9 KV BUS)

ARP 5012-1C (DC FAILURE 4.16 KV BUS 1A (1B))

SA-AA-129

SOER 82-16
SOER 90-01

CR 1-98-10-274

SER 3-10

NRC IN 2012-03
CPS LER 2012-001-00
CPS LER 2013-008-00
CPS LER 2017-002-01
ICES #311418 .

IR 01465692

Electrical Safety

Deenergized Breaker Charging Spring Motor
Ground Faults on AC Electrical Distribution System

4160V BUS 1A1 De-Energized Momentarily Due To Its P. T. Fuse Cubicle Door Was
Opened Inadvertently

Electrical Fault Complicated by Equipment Failures and Inappropriate Operator Action Leads
to Damaged Electrical Equipment, Scram, Safety Injection, and Degraded Reactor Coolant
Pump Seal Cooling (H.B. Robinson Event)

DESIGN VULNERABILITY IN ELECTRIC POWER SYSTEM (BYRON EVENT)

Loss of Secondary Containment (Transformer Trip)

Failure of Div 1 Transformer Leads to Manual Reactor Scram

Failure of the Division 1 Diesel Generator Ventilation Fan Load Sequence Relay Circuit
During Concurrent Maintenance of RHR Division 2 Results in an Unanalyzed Condition.

(HU Event) Inadvertent Trip of Condensate Booster Pump

ERAT SERVERON SERVICE LIGHT ON

N-CL-OPS-262001, Rev 012

ix

SRRS 3D.126/3D.111: Retain approved lessons for life of plant OR Life of Insurance Policy + 1 Yr for RP lesson
plans. May be retained in department for two years, then forwarded to Records Management.



References (continued)

Technical Specification, 3.3.8.1
Technical Specification, B 3.3.8.1
Technical Specification, 3.8.1
Technical Specification, B 3.8.1
Technical Specification, 3.8.2
Technical Specification, B 3.8.2
Technical Specification, 3.8.9
Technical Specification, B 3.8.9
Technical Specification, 3.8.10
Technical Specification, B 3.8.10
Operational Requirements Manual, 2.5.1

E02-1AP01

E02-1AP03

E02-1AP07

E02-1AP99-009, 010,15, 16, 17 038, 107, 120
E02-1DG99-001

E02-1HP99, 107

SER 3-05, Weaknesses in Operator Fundamentals
SOER 10-2, Engaged, Thinking Organizations

IER L1-11-03, Weaknesses in Operator Fundamentals
INPO 15-004, Operator Fundamentals

IER 17-005, Line of Sight to the Reactor Core

NERC Standard PRC-001

Commitments: NONE

Loss of Power (LOP) Instrumentation
Loss of Power (LOP) Instrumentation
AC Sources- Operating

AC Sources- Operating

AC Sources- Shutdown

AC Sources- Shutdown

Distribution Systems- Operating
Distribution Systems- Operating
Distribution Systems- Shutdown
Distribution Systems- Shutdown
Containment Penetration Conductor Overcurrent Protective
Devices

Auxiliary Power Single Line Diagram
Electrical Loading Diagram

High Voltage Electrical Isometric
Auxiliary Power schematics (various)
DG 1 Interface Diagram

DG 3 Start Logic
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LESSON PLAN HISTORY PAGE

DATE

DESCRIPTION

Unknown

Unknown

Unknown

Unknown

01/09/99

Major revision - a large amount of technical content of the Training Guide has
changed which requires a complete technical review of the Training Guide.
Added text concerning Potential Transformers in the student text and CR 1-98-
10-274.

05/07/02

Update to new Exelon format per TQ-AA-210-3201 R0O0 Lesson Plan Template
(Portrait). Adjusted scope of lesson to delete MPT (transferred to Generator
Lesson) and to add UAT, RAT and ERAT. Incorporated comments from
System Engineer. Revised updated objectives and added material to support
objectives. Resolved missing K & A links to lesson plan. Updated to reflected
current electrical procedures.

3a

4/17/03

Corrected listed voltages on figure 8 and 9 to agree with associated annunciator
procedure per TRACER 2003-04-0160A.

6/04/03

Corrected typos and minor technical errors identified during presentation. Refer
to TRACER 2003-06-0023A. There are no changes to Objectives.

8/18/03

Deleted reference to North 345KV bus lockout caused by RAT lockout,
indicated that RAT FP deluge caused by F system. (Page 15). Refer to
TRACER 2003-06-0046A. There are no changes to Objectives

02/06/04

Incorporated Tracer 2003-08-0122A. OPEX on Quad Cities DG Auto-Start due
to PT Drawer coming open.

3/16/05

Incorporated TRACER # 2004-05-0120A, OPEX CR210397 and 2004-09-007D,
OPEX LER 2004-003-00 to this lesson in the OPEX section.

05/20/05

The Big Note EIN.numbers on the 480V breakers/bus’ on page 5 were changed
to reflect proper EIN number.

04/17/06

Incorporated TRACER #2005-10-0052A (Operator Time Response), TRACER
#2005-09-0061A (Removed reference to System Description, TRACER #2005-
03-0091A (UAT Sudden Pressure Logic change).

10

07/06/06

Incorporated TRACER #2006-06-0125A: Removed Automatic Mode of
Operation for Load Tap changer, changed 1st and 2nd level undervoltage values,
added enhancement to page 29 and 32 for problem when buses transferred, Page
55 changed SS17 to SA-CL-129, and removed North Bus Lockout on RAT Fault
from Power Point.

11

02/08/08

Incorporated TRACER #2006-08-0216A. Minor Revision.

03/28/08

Updated lesson plan number and objectives to align with associated KA.
Incorporated a Tech Spec exercise and upgraded OPEX section.

02/02/09

Incorporated TRACER 2008-10-0086A (Establishment of an additional ERAT
LTC setting for degraded grid voltage conditions per EC 370607).
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LESSON PLAN HISTORY PAGE

REV. DATE DESCRIPTION

) 04/06/09 | Incorporated TRACER 2008-08-0074A (Added discussion of the impact on
extended loss of DC MCC 1F on ERAT Protective Relaying and ERAT Circuit
Switcher B018).

Incorporated TRACER 2008-07-0010A (Added content on the installation of an
alternate tripping supply for the CW pump breakers per EC 0361114; added
content for the auto-tripping of CD Pump A(D) during an auto-transfer from the
UATs to the RAT; Removed references to the Exciter Field Breakers (which no
longer exist); modified description on use of Off-Site Permissive buttons for
Class 1E buses as limited to certain circumstances (consistent with ARPs);
updated the UAT Cooling description to be consistent with CPS 3504.01).

Incorporated TRACER 2008-12-0096A (Added discussion of how to reset
common annunciator 5012-3B or common annunciator 5011-3D when affected
Unit Sub trips on overcurrent). '

3 07/21/09 | Incorporated TRACER 2009-04-0113A (In Figure 2, corrected breaker label for
4.16 KV Bus 1A1 Main Feed to match prints (201 A1) and corrected breaker
label for 6.9 KV Bus 1B Main Feed to match prints (501 B)). Updated Lesson
Plan numbers to reflect latest Lesson Plan numbering scheme. Update CPS
reference (SA-CL-129) to reflect standard guidance (SA-AA-129).

Incorporated TRACER 2009-07-0033A (Removed 480 VAC substation 1C
output breaker depicted on Bignote drawing which is not reflected in E02-
1AP01-4).

4 01/22/10 | Incorporated Tracer 2005-03-0092A (Incorporate C1R10 modifications into
training materials) to include EC 339005 & EC 339047 (collectively supports
RAT Replacement Project). Incorporated Tracers 2009-06-0025A, 2009-06-
0028A & 2009-06-0026A (Installation of New Switchyard Breaker GCB 4514).
Incorporated Tracer 2010-01-0082A (Review AP LP for changes due to
procedure changes). Replaced wording contained in CPS procedures with
references to those procedures to ensure most recent requirements are addressed.
Added HU Fundamentals in ‘B’ column at appropriate points in the LP.

Big Note is not being revised at this time.

5 05/08/12 | Changed wording for Objectives 1.4.1 through 1.4.6 to be more concise (content
referred to in body of Lesson Plan not changed); Changed Objective .1.15 to
refer to actual controls and then referenced them in main body (content not
changed); Incorporated ATI 01185341-79 (NER NC-10-028 HB Robinson)
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LESSON PLAN HISTORY PAGE

REV. DATE DESCRIPTION

: which added HB Robinson OPEX and an in-body discussion on importance of
pursuing potential loss of control power issues including a print reading
exercise; Incorporated ATI 01185341-81 (which updated the AP Big Note for
RAT mod); Incorporated ATI 01341299-24 (EC 380700 which modified RAT
& ERAT oil and winding temperature alarm setpoints); Incorporated ATI
01341299-31 (which disabled the high voltage alarm for RAT ‘B’); Disabled
high voltage alarms for RATs ‘A’ & ‘C’ to match subsequent revision to CPS
5010.06 (27d); Incorporated ATI 01234003-14 to provide a better explanation of
what a “Non-Segregated Phase Bus Duct” is and where it is used in the
Auxiliary Power System; Incorporated applicable portions of ATI 1184934-46-4
pertaining to NERC Standard PRC-001 which requires operators to have a good
understanding of auxiliary power protection schemes and limitations;
Incorporated TREQ 1176976-17 (as applicable to LP) which defined a bank in
terms of number of cooling fans; Deleted reference to CPS 3800.02C005 which
no longer exists; Added procedural reference for 480V Substation & MCC
Locations; Added major PPC screens to the instrumentation used to monitor
UAT performance in Section IV.A.7; Added OPEX on Byron event.
6 06/05/12 | Revised paragraphs F.6.a.3, G.5.4 and H.6.3 to clarify the operation of the bus
source main and reserve feed breakers during transfer operations.
7 04/08/13 | Incorporated ATI 01433216-05 (Added CPS LER 2012-001-00 as OPEX to the
lesson plan). OPEX was inserted as Attachment P.
008 11/26/13 | Minor Revision. Incorporated TIA 01529170-11 (Add IR 01465692 to LP).
OPEX was inserted as Attachment Q. Updated LP format to latest template.
009 03/28/14 | Minor Revision. Incorporated TIA 01621344-03 (Add LER 2013-008-00 (using
ICES #308766 text of LER) to LP). Renamed Attachment P to Attachment P.1.
OPEX was inserted as Attachment P.2.
010 12/16/14 | Minor Revision: Added OPEX (ICES #311418 — (HU Event) Inadvertent Trip
of Condensate Booster Pump) as Attachment P.3. Added text from referenced
documents to make lesson plan self-sufficient.
011 10/24/17 | Revised section IV.A.6.c.(3) with correct reset points. Incorporated LER 2017-
002. Incorporated AR 01621344-92 to correctly reference SARRACS usage and
add pictures of PT cubicle internals. Modified existing OPEX. Modified
section IX to fully reference CPS 3501.01, 3504.01 and 3506.01. Incorporated
INPO 15-004 throughout lesson plan.
012 3/15/18 Added Attachment R, LER 2017-010-00, added tie to IER 17-005. Pg. 63, D. 2
revised to address AR 04122939.
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Instructional Methods:

e [ ecture/discussion
e Student Exercises

Media:

e Power Point
¢  White board

e Trainee text
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Content/Skills

Activities/Notes

Introduction

To obtain a command of integrated plant operation, a detailed
knowledge of the Auxiliary Power System distribution and the
associated interlocks is essential. Some of the most challenging
integrated plant transients involve, or are initiated from, a
degradation of the Auxiliary Power System. In addition, North
American Electric Reliability Corporation (NERC) Standard
PRC-001 requires generation facilities (i.e. operators) to be
familiar with the purpose and limitation of auxiliary power and
Main Generator protection system schemes. Auxiliary power -
protection schemes are addressed in this lesson plan. N-CL-OPS-

245002 Main Generator discusses the Main Generator protection -

schemes.

If the operator has not properly distributed in house loads
between the high voltage buses the loss of one bus could initiate
a serious plant trip. For example, it could result in a loss of both
Turbine Driven Feed Pumps on low suction pressure with a

simultaneous loss of Instrument Air. The loss of air would cause |

the MSIVs to close.

A plant event similar to this did occur at CPS. In addition to the
loss of feedwater and loss of the Main Condenser as a heat sink,
it also involved the loss of CRD Hydraulics as well as some
plant cooling systems. This event will be reviewed during the
lesson.

The operation of the Auxiliary Power System is frequently
required during the preparation for, performance of, or
restoration from plant maintenance activities. When these
activities involve securing or restoring portions of the system a
solid knowledge of the system by plant operations personnel can
be pivotal in énsuring that the maintenance activity is uneventful.

The Auxiliary Power System lesson includes the Unit Auxiliary
Transformers (UATSs), Reserve Auxiliary Transformers (RATs)
and the Emergency Reserve Auxiliary Transformer (ERAT).
The in plant 6900, 4160, and 480 volt Class 1E and Non-Class
1E electrical distribution equipment is also addressed by this
lesson.

Utilize INPO 15-004 throughout
to emphasize:

Operator Fundamentals

e Monitoring Plant
Indications and
Conditions Closely

e Controlling Plant
Evolutions Precisely

e Operating the Plant with
a Conservative Bias

e Working Effecfively asa
Team

¢ Having a Solid
- Understanding of Plant
Design, Engineering
Principles and Sciences

N-CL-OPS-262001, Rev 012
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Content/Skills - | Activities/Notes

The Switchyard lesson N-CL-OPS-262004 includes the 345 KV,
138 KV, and 12 KV distribution systems up to the primary
windings of each RAT and the ERAT transformer. The Main
Generator lesson N-CL-OPS-245002 includes the output of the
Main Generator, the Main Power Transformers (MPTs) and up
to the primary sides of the UATs.

The Static VAR Compensators (SVCs) lesson N-CL-OPS-
262005 includes information on the voltage equipment used to
regulate and stabilize transformer secondary voltages on RAT
‘B’ and the ERAT beyond that described in the Auxiliary Power
Lesson Plan.

The Diesel Generator/Diesel Fuel Oil lesson plan N-CL-OPS-
264000 includes the Emergency Diesel Generators and the
output breaker operations. Some output breaker interlocks are
addressed within the Auxiliary Power Lesson Plan.

The low voltage and instrument power and low voltage power
systems derive their power from the Auxiliary Power system and
are covered in lesson plans N-CL-OPS-262006 Lighting and
Low Voltage Electrical Power and N-CL-OPS-262002 IP
Computer Uninterruptible Power Supply (UPS).

Auxiliary Power will be presented in an 8.0 hour classroom
session which includes:
e Lecture

e Exercises involving the tracing of the major flow paths on
figures that will be provided

e Print reading exercises
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Content/Skills Activities/Notes

The Objectives, to be discussed later in detail, basically include
the following:
e Major component functions and physical locations.

e Describe the operation, indications, and interlocks of the high
voltage electrical distribution systems.

e The causes/impact/consequences of the loss of major power
sources.

e Functional relationships between this system and other plant
systems.

e License and procedure requirements.

Evaluation:

e Knowledge of objectives will be as specified on page iii and
evaluated as specified on page ix.
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Content/Skills

Activities/Notes

System Purpose

System Purpose

1.

The purpose of the Auxiliary Power (AP) AC Electrical
Distribution System is to provide a redundant, diverse, and
dependable power source for plant start-up, operation, and
shutdown. In the event of total loss of off-site power, on-site
diesel generators are provided to supply a highly reliable
source of electrical power to equipment essential for a safe
shutdown of the reactor.

The Auxiliary Power System functions to provide electrical
power to the auxiliary loads required during plant operation.
It also provides a highly reliable source of electrical power to
those services required to shutdown the plant under certain
postulated design basis events.

Design Basis

1.

Two offsite power sources provide CPS with AC electrical
power to satisfy in-house power requirements. Each offsite
circuit must be capable of maintaining rated frequency and
voltage, and accepting required loads during an accident,
while connected to the Class 1E Buses supplying the
Engineered Safety Features of the facility.

a. Three 345 KV transmission lines tie together in the CPS
Switchyard providing one source of offsite power (via
three Reserve Auxiliary Transformers (RATS) to the
station. Collectively, the three RATs are designed to
carry station startup & shutdown loads and be a normal
source of power for Class 1E loads (RAT ‘B’ only).

b. The Clinton Route 54 Substation provides 138 KV to the
station for the second source of offsite power. The 138
KV transmission line connects to the Emergency Reserve
Auxiliary Transformer (ERAT) to supply power to the
three safety related 4.16 KV Engineered Safety Feature
(ESF) buses when the 345 KV (RAT ‘B’) source trips or
becomes unavailable. The ERAT is designed to carry the
electrical loading requirements for those loads required
to support Safe Shutdown of the unit.

[.1.1]

[1.1]

See Figure 1.

[.1.3.3]
See Figure 1.
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c. An onsite, permanently installed Static Var Compensator
(SVC) is also available for connection to each offsite
circuit to support required voltage for the Class 1E
Buses. Operability of the offsite electrical power sources
assumes the SVCs are in service and operating correctly.

2. The Auxiliary Power system is designed such that the [.1.9]
simultaneous occurrence of a single failure, a loss of all off-
site power, and a design basis event will not disable any
nuclear safety function.

3. Auxiliary Power System structures, systems and components
are classified as Class 1E, or Non-Class 1E. The Class 1E
safety classification denotes equipment that is essential to
emergency reactor shutdown, containment isolation, reactor
core cooling, and containment and reactor heat removal, or
otherwise essential in preventing significant release of
radioactive material to the environment.

a. The unit's nuclear safety related AC loads are divided See Figure 2.
into three Class 1E Divisions or Engineered Safety
Feature (ESF) groups. Each Division is an independent
subsystem having its own distribution equipment,
controls and control power supplies.

1) Each Class 1E component is assigned to a Division.
Class 1E components with redundant Engineered
Safety Features are assigned to separate Divisions.
Class 1E components of a Division are physically
separated from the Class 1E components of any other
Division and non-Class 1E or non-seismic Category
I, or high-energy components that could cause a loss
of redundancy as a result of a design basis event.

2) Each of the three Class 1E Systems, also known as [[1.3.7][.1.4.6]
an Engineered Safety Feature (ESF) Division, has a
4.16 KV distribution bus with two sources of off site
power and a dedicated Emergency Diesel Generator
(DG).

3) There are four Class 1E 125 volt DC Distribution
- Divisions that support the three ESF Divisions. ESF
Divisions 1 and 2 are supported by the Division 1
and 2 DC Distribution system, respectively. ESF
Division 3 is supported by both the Division 3 and
Division 4 DC Distribution systems.
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4) An independent cable raceway system for each ESF
Division is provided to meet load group cable
separation requirements.

5) The Class 1E switchgear and Motor Control Center
(MCC) assemblies are seismically qualified to
perform their function during an Operational Basis
Earthquake (OBE) and a Safe Shutdown Earthquake
(SSE). They are designed to perform their required
nuclear safety functions for all postulated
environmental conditions in the area in which they
are located.

6) Class 1E electrical equipment is color coded to assist
in distinguishing which safety-related division the
equipment is associated. Refer to Attachment H,
Divisional Color Codes.

b. Non-Class 1E is the classification applied to all electric
structures, systems and components other than Class 1E
structures, systems and components. Non-Class 1E
equipment is electrically isolated from the Class 1E
system by an acceptable isolation device.

1) During a LOCA (High Drywell pressure and/or Low
Reactor Water Level) the non-class 1E electrical
loads that are connected to a given class IE DC or 1E
AC electrical bus are shunt tripped to isolate the non-
vital load, with the exception of emergency lighting.
This ensures that the Emergency Diesel Generators
can adequately power the loads required for
performing all safety functions.

2) 6.9 KV switchgear and 480 V MCCs which feed
non-Class 1E loads which are located in the
Containment are qualified as Class 1E.

a) Safety classification is for the protection of
containment electrical penetrations. The
associated non-Class 1E loads are not required to
be energized under accident conditions.

b) Double breakers (in series) are used for electrical [.1.3.5]
penetrations through the containment per the

requirements of the Operations Requirements
. Manual (ORM 2.5.1).
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C.  Operator Time Response Limitations

1. During a Station Blackout the operator time response actions [.1.9]
in controlling RPV level and pressure are assumed to occur
within 10 minutes of the Station Blackout.
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. SYSTEM FLOWPATH(S)

A. Auxiliary Power Sources

1.

During normal plant operations, the output of the Main
Generator provides power at 22,000 volts to the primary
windings of two Unit Auxiliary Transformers (UATSs). This
connection is made through a tap off cubical which ties into
the Main Generator Isolated Phase Bus Ducts. The UATs
provide power (as the Main source) directly to the Non-Class
1E 4.16 KV buses 1A & 1B and the 6.9 KV buses 1A & 1B,
serving balance of plant loads during normal plant operation.

Three offsite 345 KV transmission lines tie into the
Switchyard providing one of two sources of offsite power via
three Reserve Auxiliary Transformers (RATSs) supplied from
the North 345 KV bus. Each RAT is assigned loads as
follows:

a. RAT ‘A’ provides 6.9 KV power (as the Reserve source)
through Non-segregated Bus Duct networking to the
Non-Class 1E 6.9KV 1A & 1B buses.

b. RAT ‘B’ prbvides 4.16KV power (as the Main source)
through Non-segregated Bus Duct networking to the
Class 1E 4.16KV 1A1, 1B1 and 1C1 buses.

c. RAT ‘B’ also provides 4.16KV power (as the Reserve
source) through Non-segregated Bus Duct networking to
the Non-Class 1E 4.16KV 1A bus.

d. RAT ‘C’ provides 4.16KV power (as the Reserve source)
through Non-segregated Bus Duct networking to the
Non-Class 1E 4.16KV 1B bus.

An offsite 138KV line supplies the second of two sources of
off site power to the Class 1E 4.16KV 1A1, 1B1 and 1C1
buses through the Emergency Reserve Auxiliary
Transformer (ERAT).

During a loss of offsite power three Emergency Diesel
Generators, with one dedicated to each Class 1E Division,
has the capability to automatically start and supply their
respective divisional electrical distribution systems. There is
no backup power source to the Non-Class 1E buses during a
loss of offsite power from the 345KV Switchyard.

See Figures 1, 2,4, 5, & 6.

[1.2.1]

[.1.2.1][.1.4.4][.1.4.5]
[1.2.2][1.3.4][ 1.3.7][.1.4.4]
[1.4.6] -

[1.2.1][.1.3.4][.1.4.4] [ 1.4.6]

[.1.2.1][.1.3.4][.1.4.4][.1.4.6]

[1.2.2][.1.3.3][.1.3.7][.1.4.6]

[.1.2.2][.1.3.7][.1.4.6]

[.1.9]
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5. The offsite 138KV line also supplies the Radwaste Auxiliary
Steam Electrode Boiler through the Supplemental Cooling See Figure 3.
and Auxiliary Boiler (SCAB) Transformer and the Owner
Controlled Area power needs through the CONST
Transformer by way of a 12 KV distribution loop.

B. 6.9KV & 4.16 KV Non-Vital (Non-Class 1E) Buses [.1.3.4][.1.3.5][.1.3.6][.1.4.5]

[.1.4.6]
1. The 6.9 KV & 4.16 KV Non-Vital (Non-Class 1E) Buses are

powered from the secondary windings of the UATSs through See Figures 2,4 & 5.
Non-segregated Phase Bus Ducts during normal plant
operation.

2. The Non-Class 1E buses are labeled 1A and 1B for both the
4.16KV and 6.9 KV sets of high voltage buses. In cases
where these buses supply redundant system components, the
1A bus supplies the “A & C” loads and the 1B buses supply
the “B & D” loads (depending upon the number of redundant
components).

3. When the Main Generator is tripped off line the Non-Class
1E buses will automatically transfer from their respective
UAT to their respective RAT (see III.LA.1 & 2 above). There
is no automatic transfer back to the UATs.

C. Non-Vital 480V Distribution

1. The two 6.9KV Non-Class 1E 1A and 1B buses supply See Figures 4 & 5.
eighteen 480V Unit Substations (nine from each bus) each of
pich . 6.9KV to 480 vol p [.1.3.8][.1.5.13]
which contains a 0. to volt trans ormer. [.1.5.2][.1.5.4][.1.5.5]

2. Five of the nine unit substation 480 volt buses supplied from
6.9KV bus 1A have cross connecting (tie) breakers to a
companion substation 480 volt bus that is normally supplied
from 6.9KV bus 1B. For certain fault conditions the source
of power to the buses supplied by these substations will be
automatically transferred.

3. The 4.16KV Non-Class 1E buses 1A and 1B supply six
480V Unit Substations (three from each bus) each of which
contains a 4.16KV to 480 volt transformer. The 480 volt
buses supplied by these substations do not have cross
connecting (tie) breakers.

See Attachment L for 480 volt substation locations.

4. Each substation supplies associated Motor Control Centers [.1.3.9]
(MCCs) and related loads.
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D. Vital 4.16KV Buses [.1.3.7]].1.4.6]
1. There are three independent 4.16KV Class 1E buses See Figures 2 & 6.
supplying the divisional vital plant loads. These buses are
powered from the RAT ‘B’ secondary windings through [.1.3.4]
Non-segregated Phase Bus Ducts during normal plant
operation.
2. The Emergency Reserve Auxiliary Transformer (ERAT) [.1.3.3][.1.3.4]

provides an alternate source of power to the three 4.16KV
Class 1E buses through Non-segregated Phase Bus Ducts.

3. The Class 1E buses are labeled 1A1, 1B1 and 1C1 supplying
the Division 1, 2 and 3 loads, respectively. Operability of
these buses requires availability of two offsite sources of
power. RAT ‘B’ only counts as one source while the ERAT
provides the second source. An Emergency Diesel
Generator is also required for operability of each Division
used to provide a highly reliable on site source of power.

4. During an undervoltage condition, the feeder breakers will [.1.3.5]
automatically operate to supply the bus with an offsite source
with adequate.voltage. If an offsite source is not available,
the affected division’s Emergency Diesel Generator will
automatically start and load.

E.  Vita] 480V Distribution ' [.1.5.13]

1. The Division 1 and 2 4.16KV Class 1E buses each supply [.1.3.9]
two 480V Unit Substations each of which contains a 4.16KV
to 480 volt transformer. Each substation supplies associated
Motor Control Centers (MCCs) and related loads.

See Figure 6.

2. - Division 3 supplies three 480V MCCs through one common
4.16KV to 480 volt transformer.

3. There are no cross connects between the divisional 480 volt
buses.

See Attachment L for 480 volt Substation locations.
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Summary See E02-1AP03

What power feeds the UATs
RATSs

ERAT

See Figures 2,4,5 & 6.
Fill in the following table: [.1.3.1]].1.3.2][.1.3.3]

[.1.3.6][.1.3.7]

Normal | Reserve Emerg
Source Source Source

6.9 KV non-Class 1E
bus 1A

6.9 KV non-Class 1E
bus 1B

4.16 KV non-Class 1E
bus 1A

4.16 KV non-Class 1E
bus 1B

4.16 KV Class 1E
buses 1A1, 1B1 & 1C1 .
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Iv. Components

A. Unit Auxiliary Transformers (UAT)

1.

There are two, three-phase, Unit Auxiliary Transformers, 1A
& 1B each of which is rated at 33.3 MVA at 55°C (37.4
MVA at 65°C). Transformer cooling is provided through a
natural circulating oil flowpath which in turn transfers its
heat to the outside air via cooling fans. The Main Generator
output is fed to each of the UAT primaries from the Tap Off
Cubical located in the Turbine Bldg. on the riorth end of the
762’elevation. Each UAT transforms the 22 KV through two
secondary windings down to 6.9 KV and 4.16 KV which is
supplied to their associated non-Class 1E 4.16 KV and 6.9
KV buses.

Each UAT is configured with a delta-connected primary
winding and two wye-connected secondary windings labeled
“X” and “Y”. The “X” secondary winding supplies the
associated 6.9 KV bus while the “Y” secondary winding
supplies the associated 4.16 KV non-class 1E bus.

CPS 3504.01 MAIN POWER AND UNIT AUXILIARY
TRANSFORMERS COOLING and associated valve and
electrical lineups control the operating configuration of the
UATs.

. Each transformer is equipped with a mechanical self-

resetting pressure relief device to protect against dangerous
pressures, which may build up inside the transformer tank.

The UATs are located on the west side of the Turbine
Building (just north of the Service Bldg). Cabling from the
Tap Off Cubical runs underground across the north side of
the Turbine Bldg. and then south to the UATs. The
secondary output is routed to above ground cable trays to the
high voltage switch gear in the Auxiliary Building.

Cooling System

a. The UAT cooling system is divided into two stages of
fans. Each stage (group) has six fans (no oil pumps).

b. The radiator banks are bolted to an upper and lower
manifold. Shutoff valves are located between the top
manifold and the tank and between the bottom manifold
and the tank. The fans force air across the radiators

[.1.3.1][.1.4.1]

[.1.4.1]
See £02-1AP07

[.1.3.1][.1.4.1]
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creating a differential temperature that causes oil flow
between the radiator bank manifolds and the oil tank.

c. A set of control switches located on each UAT operates
the associated transformer’s cooling system. Each UAT
has two Cooling Stage mode switches (one for each
stage) with AUTO / HAND / OFF positions and one
Cooler Control switch with NORM / RESERVE
positions.

1) With the Cooler Control switch in NORM the Stage
1 Fans are in the Lead as winding temperature
increases and the Stage 2 Fans are selected to cycle
on as a Lag (reserve) to provide additional cooling,
as needed. With the Cooler Control switch in
RESERVE the Stage 2 Fans are the Lead fans and
Stage 1 fans are the Lag fans.

2) With each stage’s Cooling Stage mode switch in
AUTO the Lead Stage fans will start at 60°C (140°F)
winding temperature and the Lag Stage fans will start
at 70°C (158°F) winding temperature. Lag Stage fans
will cycle off when winding temperature reduces to
less than 62.5°C (144.5°F) and Lead Stage fans will
cycle off when winding temperature reduces to less
than 52.5°C (126.5°F).

3) With a given Cooling Stage mode switch in HAND
the associated stage’s fans run continuously.

4) The cooling system is supplied with power feeds
from 480 V Turbine Building MCC 1G for UAT 1A
and from Turbine Building MCC 1H for UAT 1B.
The cooling system is interlocked to trip off on a Fire
Protection Initiation signal.

7. Instrumentation
a. MCR panel 1H13-P870

1) UAT Secondary Ammeter and Megawatt meters for
feeds to 6.9 KV buses 1A and separate meters for
6.9KV bus 1B.

2) UAT Secondary Ammeter and Megawatt meters for
feeds to 4.16 KV buses 1A and separate meters for
4.16 KV bus 1B.

[1.4.1]

[.1.4.1]
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b. CRT screen #9 on 1H13-P680 in the MCR has the option

to display Plant Process Computer (PPC) screens
(formats) showing pre-determined UAT parameters.
Specifically on display formats DD9A and DD9B, UAT
1A & 1B current being supplied to their respective 6.9
KV & 4.16 KV buses is shown in addition to UAT feed
breaker status. Note that other PPC screens can be used
to display similar information. See N-CL-OPS-700003
PLANT PROCESS COMPUTER lesson plan for further
information.

MCR Alarms are provided for the following conditions.
Refer to Attachment B for UAT alarm details.

1) Sudden Pressure

2) Trouble

3) High Temperature (winding & oil)

4) High-High Temperature (winding only)

. UAT Local Control Panel contains the following
controls:

1) Cooling Mode Switches

2) Fan Control Switches

3) Heater and Cooling Control status lights

The following are local indications on the UAT:

1) Liquid Temperature - Normal (0 - 90°C)

2) Primary Winding Temperature - Normal (0 - 105°C)

3) Secondary Winding Temperature - Normal (0 -
105°C)

4) Oil Level Gauge - Normal (25 - 95°C)
5) Tank Pressure - Normal (-5 to +5 psig)
6) Liquid Temperature - Normal (0 - 90°C)

7) SERVERON Transformer Gas Analyzer sample
status. Unit is located near the UAT.

DDOYA represents the Gen/Aux
Electrical System Startup /
Shutdown screen.

DDO9B represents the Generator
Excitation Sync / Loading screen.

[.1.6]

Loss of Protective System power
is monitored by Main Generator
TRIP CKT FAIL alarms on 1H13-
P680, Section 5008

Lockout Trip is monitored by
Main Generator GEN TRIP
CIRCUIT 1 OR 2 LOCKOUT
TRIPPED alarms on 1H13-P680,
Section 5008.

See Attachment Q for CPS OPEX
related to SEVERON blue service
light status and what it means.
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8. A network of relays (Sync U —Z) is used to determine if the
Generator is on line. These relays only allow the UAT to be
loaded when the Generator is on line. Refer to Section V,
Interlocks. Also refer to Section IX, Operating
Characteristics for operation with this feature defeated
allowing backfeeding of the UAT during plant outages.

9. Lockouts [.1.5.6][.1.16.1]
a. Lockout Trips

1) The Sudden Pressure —this is a redundant logic, it
requires both the Tank and the Manhole Sudden
Pressure Relays to actuate to cause a lockout trip.

2) Phase Overcurrent
3) Ground Overcurrent

b. UAT 1A/1B Lockout relay will initiate the following
automatic actions:

1) Main Generator Lockout
(and a Reactor Scram if > 33.3 %)

2) Quick transfer of the 6.9 & 4.16 KV non-Class 1E
buses to their respective RAT.

3) Transformer FP deluge. (Sudden Pressure)
B. Reserve Auxiliary Transformers (RATS) [.1.3.2] [.1.4.2]

1. There are three Reserve Auxiliary Transformers (RATs) See E02-1AP01
each of which are used to transform 345 KV from the
switchyard North Bus through a primary winding down to
either 6.9 KV (for RAT ‘A’) or to 4.16 KV (for RAT ‘B’ and
RAT C).

Note: With the replacement of RAT 1 per EC 339047 with three
new RATs (A, B & C), RAT ‘B’ may still be referred to in
procedures and other documentation as RAT 1 since some

-equipment and components remain (post modification) which
once served RAT 1 but now is used for RAT ‘B’. In these cases,
RAT 1 is synonymous with RAT ‘B’.

2. Each RAT consists of a three-phase wye-connected primary
winding and a three-phase wye-connected secondary
winding which is rated for 33.34 MVA at 65 °C.
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Transformer cooling is supplied through two banks of
cooling fans which are used to cool naturally circulating oil
within each transformer.

. Each RAT is equipped with a Load Tap Changer (LTC)
which is used to adjust transformer output voltage as
follows:

a. The RAT ‘A’ & RAT ‘C’ LTCs are locally controlled in
AUTO to help maintain transformer output voltage
within a specified range even with slight variations in
grid input voltage.

b. The RAT ‘B’ LTC is locally controlled in MANUAL
with a Load Tap Changer Setting of 5 to produce a given
output voltage. To account for slight variations in grid
input voltage, the output voltage is automatically
controlled within a specified range using a Static VAR
Compensator (SVC) which helps maintain voltage within
specification as required for Safety-Related 4.16KV
loads.

CPS 3505.01 SWITCHYARD Electrical and Valve Lineup
procedures control the electrical and mechanical
configuration of each RAT.

. RAT B is located on the west side of the Turbine Building
(just north of the Service Bldg and northwest of the UATs)
whereas RAT ‘A’ and RAT ‘C’ are located north of RAT ‘B’
and west of the Main Power Transformers (MPTs). RAT ‘A’
is west of RAT “C’.

Cooling System

a. The transformer cooling system for each RAT consists of
2 Stages (banks) of cooling fans which are normally
setup for automatic operation. There are 4 fans per stage
for RAT ‘A’ and 8 fans per bank for RATs ‘B’ & ‘C’.

b. The fans cool transformer oil (via radiator banks) which
naturally circulates within the oil tank of each
transformer to remove heat. An oil conservator system
(RATs ‘B’ & ‘C’ only) is used to keep the transformer
oil tank full of oil even with changes in oil temperature.
RAT ‘A’ contains a Main oil tank by which a minimum
oil level must be maintained.

Having the RAT ‘B’ LTC in

Manual and tap position 5 is
required for RAT ‘B’ (offsite
source) Operability.

HU Tools (for lineups) include

Procedural Compliance, First
Checks, STAR for Positioners

and Checkers, and the

requirements for verifications

IV, C/V) per HU-AA-101.
[-1.4.2]

[.1.3.2][.1.4.2]
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c. One of the two Stages of cooling fans for each RAT are
configured to automatically energize ON based on
transformer winding temperature. The first Stage of
cooling fans energize at 60C for RATs B & C and 70C
for RAT A. The second Stage of fans will also energize
ON if transformer winding temperature reaches 70C for
RATs B & C and 80C for RAT A.

d. See CPS 3505.01 345 & 138 KV Switchyard Section
8.3.4 for further information.

e. The cooling fans for each RAT are normally powered [-1.4.2]
from TB MCC 1G (1AP54E) located in the Turbine
Building 737°. The alternate fan supply source for each
RAT is from the 12KV switchyard via Circuit 305 and a
1500 KVA transformer located South of RAT ‘A’. The
alternate source of power would be automatically
selected via an automatic bus transfer switch upon a loss
of the normal supply.

8. Instrumentation
a. MCR panel 1H13-P870
1) RAT A,(B),[C] Primary Current meters.

2) Bus IRT6 Feeder To 6900 V bus 1A (1B) Current
meters.

3) Bus 1IRT6 Feeder To 69500 V bus 1A (1B) Watt
meters.

4) 6900 V Bus 1A (1B) Voltage meters.

5) Bus IRT4 Feeder To 4160 V bus 1A (1B) Current
meters.’

6) Bus 1RT4 Feeder To 4160 V bus 1A (1B) Watt
meters. .

7) 4160 V Bus 1A (1B) Voltage meters.
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- b. MCR panel 1H13-P877

1) Bus 1RT4 Feeder To 4160 V Bus 1A1 Current
meter.

2) 4160V Bus 1A1 Voltage meter.

3) Bus IRT4 Feeder To 4160 V Bus 1B1 Current meter.

4) 4160 V Bus 1B1 Voltage meter.
c. MCR panel 1H13-P601

1) Bus 1RT4 Feeder To 4160 V Bus 1C1 KW meter.

2) Bus 1RT4 Feeder To 4160 V Bus 1C1 Current meter.

3) 4160 V Bus 1C1 Voltage meter.

d. SERVERON Transformer Gas Analyzer sample status.
Unit is located near the associated RAT.

e. MCR Alarms are provided for several abnormal RAT
conditions. Refer to Attachments A through G (as
applicable) for alarm details.

See Attachment Q for CPS OPEX
related to SEVERON blue service
light status and what it means.

[.1.6]

HU Tools (for addressing
annunciators) include
Procedural Compliance (as
directed by ARPs and related
procedures) in addition to using
confirmatory indications in
accessing actual plant/
equipment status.
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f. There are two RAT relay panels located in the Relay
Room at 781" elevation of the Control Building:

1y

2)

Relay panel PL90J is used to house key protection
and lockout relays for RAT ‘B’ in addition to certain
protective relays for RATs ‘A’ & ‘C’. The front of
the panel allows the manual reset of seven different
lockout relays when directed by procedure. Each
manual reset switch has a White (tripped) and Blue
(reset) light indication associated with it.

Relay panel PL90JA is used to house key protection
and lockout relays for RATs ‘A’ & ‘C’. The relays
consist of advanced SEL-501 relays used for phase
and neutral overcurrent protection and SEL-587
relays used for differential current protection. The
front of the panel allows the manual reset of four
different lockout relays when directed by procedure.
Each manual reset switch has a White (lockout relay
tripped and energized) and Blue (lockout relay reset
and deenergized) light indication associated with it.

g. Local controls and indications available at each RAT
include:

1y
2)

3)

4)

Cooling Fan and Heater controls.

Local alarm annunciators (which provide input into
common RAT annunciators in the MCR).

Load Tap Changer (LTC) controls (located within
the LTC Control Panel).

Indications of liquid oil temperatures and levels and
transformer winding temperatures.

9. RAT Lockouts

a. Fault Pressure Trip and Lockout relays detect a pressure

rise (due to an internal transformer fault) designed to trip
and lockout affected RAT before significant internal
damage occurs.

1)

2)

RAT ‘A’ produces a Fault Pressure Trip at 4 psig
using 1 of 2 taken twice trip logic.

RATs ‘B’ & ‘C’ produce a Fault Pressure Trip at 4
psig using 2 of 2 trip logic.

[.1.4.2]

[.1.5.9][.1.5.10]

[1.4.2]

[.1.5.7][.1.16.2]
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Differential Overcurrent relays constantly measure the
amplitude and phase relationship of each of the
transformer phases to calculate a current difference used
to detect a phase imbalance resulting from a possible
fault. These relays when tripped will lockout the affected
RAT (using protection system F).

Neutral Overcurrent relays monitor for potential faults
which would cause a phase imbalance to ground
resulting in a rise in neutral-to-ground current flow.
These relays when tripped will lockout the affected RAT
(using protection system S).

Instantaneous / Timed Overcurrent relays monitor for
overcurrent conditions and are designed such that a more
severe fault condition (higher fault current sensed)
results in a faster response time of the relay device when
tripping. These relays when tripped will lockout the
affected RAT (using protection system S).

Each RAT uses a combination of differential
overcurrent, neutral overcurrent, and instantaneous /
timed overcurrent relays to protect both the transformer
primary & secondary windings, attached bus work, and
associated loads from potential damage.

Automatic Actions

1) RAT circuit switcher 4538 opens and locks out (F or
S protection system).

2) Feeder breakers supplied by the Non-segregated
Phase Bus Ducts connected to the affected RAT will
open and lock out (F or S protection system).

3) RAT ‘B’ SVC trip (F or S protection system).

4) RAT ‘B’ Fire Protection Deluge system
automatically initiates (F protection system only).

C. Emergency Reserve Auxiliary Transformer (ERAT)

1.

The Emergency Reserve Auxiliary Transformer is a single,
three-phase transformer rated at 18/24/30 MVA @65C
OA/FA/FA. It transforms the 138 KV line input into 4.16
KV output to supply a redundant source of off-site
emergency power to the Class 1E buses through cable

- connections to Non-segregated Phase Bus Duct networking.

[.1.5.9]

[.1.5.10]

[.1.5.10]

[.1.3.4]

[.1.3.3][.1.4.3]

[.1.3.4]
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2. The ERAT has one (1) wye-connected primary and one (1)

wye-connected secondary.

The ERAT is located outdoors west of the Service Bldg and
north of the Makeup Water Pump House.

. Attached to the ERAT, in a separate enclosure with its own
insulating oil volume, is the Load Tap Changer. The LTC
regulates voltage to the 4.16 KV buses to accommodate
voltage swings in the 138 KV system by increasing or
decreasing the number of windings in service. The LTC will
work in conjunction with or independent of the ERAT Static
Var Compensator (SVC). There are four modes of
operation: »

a. Automatic SVC Mode

1) The ERAT SVC automatically controls the tap
settings.

b. Automatic Voltage Regulator Mode

1)' The ERAT voltage regulator automatically controls
the tap settings.

c. Manual Mode With Tap Motor

1) Tap settings are changed with the tap motor
Raise/Lower selector switch.

'd. Manual Mode With Hand Crank

1) Tap settings are changed with a hand crank.

NOTE:
Per the plant operating procedure the LTC can only be run in
manual mode of operation (normally using the tap motor).

With the grid experiencing a degraded voltage condition
such that the 138 KV line voltage feeding the ERAT has
lowered to a given level, the ERAT LTC may be manually
adjusted such as to raise ERAT output voltage. This action
helps to mitigate the degraded grid voltage condition with
the ERAT supplying divisional Class-1E bus (1A1, 1B1,
1C1) equipment while mamtammg 138 KV offsite source
operability.

[.1.4.3]

Having the ERAT LTC in
Manual and tap position 2L is
required for ERAT (offsite
source) Operability.

HU Tools (for LTC adjustments)
include Procedural Compliance,
using two 138KV Switchyard
qualified operators, Peer
Checks, STAR, and proper 3-
Part (and continuous)
communications when executing
the ERAT LTC Switching Order
per CPS 3505.01C002.

See EC 370607
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Revision 3 to the 19-AK-13 calculation identifies an
alternative tap setting for the ERAT LTC under low grid
voltage conditions.

NOTE:

Although Revision 3 to the 19-AK-13 calculation identified
an alternative tap setting, this new tap setting will not be used
until implemented within approved procedures.

6. Cooling System [.1.3.3][.1.4.3]

a. The ERAT is cooled by two Groups (banks) of forced air
coolers. Group 1 has four fans and Group 2 has four
fans. There are no oil pumps.

b. A local Cooler Transfer switch selects one of two
separate control circuits for controlling which group of
fans will be the lead Group and which is the backup
Group. In Position 1, Group 1 is the Lead and Group 2 is
the Backup. In Position 2 it is reversed.

1) Lead Group comes on at 70 C.
2) Backup Group comes on at 75 C.

c. AUTO/OFF/MAN switch for each Cooler Group when
placed in Manual will cause the associated Group to run
continuously. In OFF the Group is secured.

d. See CPS 3505.01 345 & 138 KV Switchyard Section
8.3.4 for further information.

7. CPS 3505.01 SWITCHYARD Electrical and Valve Lineup HU Tools (for lineups) include
procedures control the electrical and mechanical operating Procedural Compliance, First
configuration of the ERAT. Checks, STAR for Positioners

and Checkers, and the

requirements for verifications
(I/V, C/V) per HU-AA-101.

8. Auxiliary power (480V) for the ERAT is supplied from a
75K V/138KV transformer in the ERAT fenced area. Backup
480Vpower is provided from a 12KV source.

9. Major Instrumentation
a. MCR panel P870 Primary Side Ammeter (0-200 amps)
b. MCR panel 1H13-P877

1) 1ET4 current to Bus 1A1
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2) 1ET4 current to Bus 1B1
c. MCR panel 1H13-P601

1) 1ET4 current and kW to 1C1

d. MCR Alarms are provided for the following conditions. [-1.6]

Refer to Attachments A through G (as applicable).

1) DC Failure Protective System S & F HU TO‘{‘S (for ?ddr essmg
annunciators) include

2) Lockout Trip Procedural Compliance (as
directed by ARPs and related

3) Sudden Pressure/Fault Pressure procedures) in addition to using

: confirmatory indications in
4) Trouble accessing actual plant/

equipment status.
5) High Temperature (Xfmr winding & oil, LTC oil)

e. The following will cause a MCR panel P870 ERAT [.1.6]
Trouble alarm:

1) ERAT Voltage Reg. Transferred to backup power
2) Intertaire Pressure System (Hi/Lo Pressure)

3) ERAT 480V auxiliary power transfer to 12KV
source.

4) Loss power to Cooling Fan controls
5) Low Oil Level
6) Mechanical Relief actuated.

f. A loss of voltage from the ERAT will alarm 5060-1D [.1.6]
and 5061-1D, NOT AVAILABLE 4160v BUS
BREAKER. The undervoltage condition can be
confirmed by using the synchroscope controls. [.1.15.1]

g. The ERAT relay panel (1PL90J) is located in the Aux. [-1.4.3]
Electrical Equipment Room 781" elevation of the Control
Building. There are 4 lockout relays mounted on the
Panel with White (tripped) and Blue (reset) light
indication.
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h. ERAT Local Control include the following:
1) Load Tap Changer Controls
a) Test/ Operate switch
b) Local Control / Remote Control switch
¢) Manual Control / Automatic Control switch
d) Manual Raise / Manual Lower switch
e) Inertaire gas system controls
2) Cabinet Heater On-Off handswitch
3) Alarm Test/Reset - Off toggle switches
4) Fan Selector and Control switches
5) Thermal device current test knife switch
6) Auxiliary power breaker
i. The following are local indications on the ERAT:'
1) Oil Temperature.
2) Liquid Oil Level (Referenced' to 25°C)
3) Tap Changer Setting (LTC Cabinet)
4) Inertaire System nitrogen cylinder gauge

5) SERVERON Transformer Gas Analyzer sample
status. Unit is located near the ERAT.

6) ERAT Tank Pressure

10. The ERAT relay panel (OPL90J) is located at 781° Control
Building.

11. ERAT Lockouts

a. Sudden/Fault Pressure Lockout relay detects a rapid
pressure rise within the transformer tank as a result of
internal arcing. This relay will not be activated by
normal pressure variations due to transformer
temperature changes.

See Attachment Q for CPS OPEX
related to SEVERON blue service
light status and what it means.

[.1.4.3][.1.5.8][.1.16.3]
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b. Internal fault in the transformer.

1) Transformer Differential Current [.1.5.9]

2) 138 KV Winding Neutral Overcurrent [.1.5.10]
3) 138 KV Winding Overcurrent [1.5.10]
4) 4 KV Winding Neutral Overcurrent [.1.5.10]

c. Automatic Actions
1) ERAT circuit switcher B018 opens and locks out.

2) Lockout ET or RT Non-segregated Phase Bus Ducts [[1.3.4]
connected to the ERAT.

3) Feeder breakers supplied by the Non-segregated [.1.3.4]
Phase Bus Ducts connected to the ERAT (1ET4)
open and lock out.

4) ERAT Fire Protection Deluge.
D. Non-Segregated Phase Buses [.1.3.4]

1. Non-segregated Phase Bus Duct networking is designed for
use on power distribution circuits whose importance requires
greater reliability than typical power cables provide. Non-
segregated Phase Bus Ducts are therefore used as an
electrical conduit between the major Auxiliary Power
System sources and their respective buses.

2. Non-segregated Phase Bus Ducting consists of an assembly
of bus conductors with associated connections, joints, and
insulating supports confined within a metal enclosure
without interphase barriers. The conductors are adequately
separated and insulated from each other to ensure reliability.

3. The Non-Segregated Phase Bus Duct provides for
connecting the ERAT and each RAT to their respective
buses. The connection is made through a network of [1.4.4]
disconnects that are interlocked using Kirk Key Interlocks.
The UATs are connected directly to the non-Class 1E 6.9
KV and 4.16 KV buses through the respective bus Main
supply breakers.
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4. The disconnect switches will allow alignment of either the
ERAT or RAT ‘B’ to the ET4 Bus. Initially the disconnect
switches were installed to allow cross connecting Auxiliary
Power between Unit 1 and 2 Emergency and Reserve
Auxiliary Transformers.

5. The Kirk Key Interlocks are designed to prevent paralleling HU Tools (for manipulating
two different sources through the Non-segregated Phase Bus disconnects) include First

Ducts. One switch must be opened before the key can be Checks and STAR. A

removed and used to unlock another disconnect, which can Questioning Attitude (and

then be closed on the alternate source. The disconnects are Verifying Assumptions) is very
not to be operated under load. important in ensuring

: disconnects are not operated
6. To prevent continuous transformer paralleling, the following under load.

"Kirk Key" interlock arrangements are provided such that
only one out of two in each group of the following
disconnect switches may be closed at any one time.

a. RT14, and RT4

b. RT16, and RT6
See E02-1AP07
c. ET14,and ET4 See E02-1AP03
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7. During normal operation RT14, RTC14, RT16 and ET4 are
closed. The other disconnects are left open. Refer to
Attachment I for locations.

8. Major Instrumentation

a. Foreachfeedtoa4.16 KV or 6.9 KV bus, indication of [.1.4.5][.1.4.6]
current and wattage is provided in the MCR Panels P870, '
P877, P601 and P827. Refer to Attachment J.

b. There are individual Red (closed) and Green (open)
indicating lights on MCR Panel P870 for bus disconnect
switches: RT16, RT6, RT14, RT4 & RTC14.

9. Protective Relaying

a. The Non-segregated Phase Buses are protected by a set [.1.3.5]
of lockout relays for a fault sensed either on the bus
section or on the transformer source feeding the Non-
segregated Bus section. Actuation of the associated
transformer or bus section relays will trip open and block
closure of any feeder breakers, which are routing power
from the bus section to the high voltage Auxiliary Power
switchgear.

b. The Non-segregated Phase Bus protection has two sub-
systems, the "F" and "S" systems. The “F” system is
typically the first to actuate on a fault and the “S” is a
backup. Transfers that occur due to “F” System
operation should not cause bus loads to shed due to
undervoltage, however, transfers initiated from the “S”
System operation will most likely result in bus loads
being shed.

c. The Non-segregated Phase Bus disconnects, when
closed, establish the lockout logic by grouping
transformer and bus protective relays into relay
networks. This causes the bus relays and associated
transformer relays within a network to work in parallel,
cross tripping to provide robust fault protection. This
configuration results in a transformer or bus fault
causing:

1) Lockout trip of the associated transformer.

2) All of the high voltage feeder breakers connected to [.1.3.5]
the network to be tripped open and locked out.
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d. TheF and S Systems are formed up into two separate
and independent relay networks. The disconnect
switches make up the proper logic ties within the F
System and separately within the S System.

e. RAT ‘A’ protection system logic based on the normal
disconnect electrical lineup configuration enables the
following “F” and “S” System logic protection:

1) RAT ‘A’ “F” System Logic

a) RAT ‘A’ 87/150BFF-RTA Differential Relay
will trip the 86F-RTA Lockout Relay, 586F-B1
Lockout Relay, and 186BF-4538 Lockout Relay.
This directly actuates a lockout of RAT ‘A’
which includes the trip & lockout of 186BF-4538
RAT Circuit Switcher and 6.9 KV bus Reserve
feeds 552-521A & B.

b) RAT ‘A’ 587-B1 Differential 6.9 KV Bus Relay
on the RT-6 Non-segregated Phase Bus will trip
the 86F-RTA Lockout Relay and 586F-B1
Lockout Relay. This directly actuates a lockout
of RAT ‘A’ which includes the trip & lockout of
186BF-4538 RAT Circuit Switcher and 6.9 KV
bus Reserve feeds 552-521A & B.

c) RAT ‘A’ 150H-RTA Overcurrent Relay will trip
the 186BF-4538 Lockout Relay causing a
lockout of the 186BF-4538 RAT Circuit
Switcher.

2) RAT ‘A’ “S” System Logic

a) RAT ‘A’ 15IN/551N-RTA Neutral Overcurrent
Relay will trip the 86S-RTA Lockout Relay and
586S-B1 Lockout Relay. This directly actuates a
lockout of RAT ‘A’ which includes the trip &
lockout of 186BF-4538 RAT Circuit Switcher
and 6.9 KV bus Reserve feeds 552-521A & B.

b) RAT ‘A’ 150/151/150BFS-RTA Overcurrent
Relay will trip the 86S-RTA Lockout Relay,
586S-B1 Lockout Relay, and the 186BF-4538
Lockout Relay. This directly actuates a lockout
of RAT ‘A’ which includes the trip & lockout of
186BF-4538 RAT Circuit Switcher and 6.9 KV
bus Reserve feeds 552-521A & B.

[.1.5.9]

NOTE: Trip & Lockout of RAT
Circuit Switcher 4538 is directly
actuated via the main RAT
lockout (86) device for the
affected RAT.

NOTE: Tripping of the 186BF-
4538 Lockout Relay occurs after
RAT Circuit Switcher 4538 fails
to open on fault. Annunciator
5010-2A comes in as a result.

[.1.5.10]
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f. RAT ‘B’ protection system logic based on the normal
disconnect electrical lineup configuration enables the
following “F” and “S” System logic protection:

1) RAT ‘B’ “F” System Logic

a) RAT ‘B’ 87-RT1 Differential Relay will trip the
86F-RT1 Lockout Relay and the 286F-B1
Lockout Relay. This directly actuates a Lockout
of RAT ‘B’ which includes the trip & lockout of
186BF-4538 RAT Circuit Switcher, 4.16 KV
Class-1E bus Main feeds 252-201A1, 252-201B1
and 252-201C1 and non-Class 1E 4.16 KV bus
1A Reserve feed 252-221A.

b) RAT ‘B’ 287-BI Differential 4.16 KV Bus Relay
will trip the 86F-RT1 Lockout Relay and the
286F-B1 Lockout Relay. This directly actuates a
lockout of RAT ‘B’ which includes the trip &
lockout of 186BF-4538 RAT Circuit Switcher,
4.16 KV Class-1E bus Main feeds 252-201A1,
252-201B1 and 252-201C1 and non-Class 1E
4.16 KV bus 1A Reserve feed 252-221A.

c) RAT ‘B’ 150BF-RT1 Overcurrent Relay will trip
162BF-4538 Time Delay Relay (TD-5), and
186BF-4538 Lockout Relay causing a lockout of
the 186BF-4538 RAT Circuit Switcher.

d) RAT ‘B’ 150H-RT1 Overcurrent Relay will trip
the 186BF-4538 Lockout Relay causing a
lockout of the 186BF-4538 RAT Circuit

- Switcher.

e) Any RAT ‘B’ “F” System lockout will result in
automatic FP deluging of the RAT ‘B’
transformer.

f) Any RAT ‘B’ “F” System lockout will result in
automatic trip of the RAT ‘B’ Static Var
Compensator (SVC).

[.1.5.9]

NOTE: Trip & Lockout of RAT
Circuit Switcher 4538 is directly
actuated via the main RAT
lockout (86) device for the
affected RAT.

NOTE: Tripping of the 186BF-
4538 Lockout Relay occurs after
RAT Circuit Switcher 4538 fails
to open on fault. Annunciator
5010-2A comes in as a result.
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2) RAT ‘B’ “S” System Logic [1.5.10]

a) RAT ‘B’ 15IN-RT1 Neutral Overcurrent Relay
will trip the 86S-RT1 Lockout Relay and the
286S-B1 Lockout Relay. This directly actuates a
lockout of RAT ‘B’ which includes the trip &
lockout of 186BF-4538 RAT Circuit Switcher,
4.16 KV Class-1E bus Main feeds 252-201A1,
252-201B1 and 252-201C1 and non-Class 1E
4.16 KV bus 1A Reserve feed 252-221A.

b) RAT ‘B’ 25IN-RT1 4.16 KV Neutral
Overcurrent Relay will trip the 86S-RT1 Lockout
Relay and the 286S-B1 Lockout Relay. This
directly actuates a lockout of RAT ‘B’ which
includes the trip & lockout of 186BF-4538 RAT
Circuit Switcher, 4.16 KV Class-1E bus Main
feeds 252-201A1, 252-201B1 and 252-201C]1
and non-Class 1E 4.16 KV bus 1A Reserve feed
252-221A.

c¢) RAT ‘B’ 151/150-RT1 345KV Time Overcurrent
Relay and 151/150-RT1 IIT Relay will trip the
86S-RT1 Lockout Relay and the 286S-B1
Lockout Relay. This directly actuates a lockout
of RAT ‘B’ which includes the trip & lockout of
186BF-4538 RAT Circuit Switcher, 4.16 KV
Class-1E bus Main feeds 252-201A1, 252-201B1
and 252-201C1 and non-Class 1E 4.16 KV bus
1A Reserve feed 252-221A.

d) Any RAT ‘B’ “S” System lockout will result in
automatic trip of the RAT ‘B’ Static Var
Compensator (SVC).
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g. RAT ‘C’ protection system logic based on the normal
disconnect electrical lineup configuration enables the
following “F” and “S” System logic protection:

1) RAT ‘C’ “F” System Logic

a) RAT ‘C’ 87/150BFF-RTC Differential Relay
will trip the 86 F-RTC Lockout Relay and 186BF-
4538 Lockout Relay. This directly actuates a
lockout of RAT ‘C’ which includes the trip &
lockout of 186BF-4538 RAT Circuit Switcher
and non-Class 1E 4.16 KV bus 1B Reserve feed
252-221B.

b) RAT ‘C’ 150H-RTC Overcurrent Relay will trip
the 186BF-4538 Lockout Relay causing a
lockout of the 186BF-4538 RAT Circuit
Switcher.

2) RAT ‘C’ “S” System Logic

a) RAT ‘C’ 15IN/251N-RTC Neutral Overcurrent
Relay will trip the 86S-RTC Lockout Relay. This
- directly actuates a lockout of RAT ‘C’ which
includes the trip & lockout of 186BF-4538 RAT
Circuit Switcher and non-Class 1E 4.16 KV bus
1B Reserve feed 252-221B.

b) RAT ‘C’ 150/151/150BFS-RTC Overcurrent
Relay will trip the 86S-RTC Lockout Relay and
the 186BF-4538 Lockout Relay. This directly
actuates a lockout of RAT ‘C’ which includes the
trip & lockout of 186BF-4538 RAT Circuit
Switcher and non-Class 1E 4.16 KV bus 1B
Reserve feed 252-221B.

[.1.5.9]

NOTE: Trip & Lockout of RAT
Circuit Switcher 4538 is directly
actuated via the main RAT
lockout (86) device for the
affected RAT.

NOTE: Tripping of the 186BF-
4538 Lockout Relay occurs after
RAT Circuit Switcher 4538 fails
to open on fault. Annunciator
5010-2A comes in as a result.

[.1.5.10]
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h. ERAT “F” System logic based on the normal disconnect”
electrical lineup configuration enables the following:

1) ERAT Transformer Differential Current relay (87 ET
device) actuates the 86F-ET “F” Lockout. This relay
directly actuates a Lockout of the ERAT and actuates
Fire Protection.

2) Differential Current relay (287-BE) on the ET-4
Non-segregated Phase Bus actuates the 286F-BE

Bus Lockout relay. This relay directly actuates a
Lockout trip of 252-221A1, 1B1 and 1C1.

3) Normally, Disconnect ET-4 is closed. This results in
relays 86F-ET and 286F-BE to be connected in
parallel. If the inputs to either of these relays
actuate, both are energized resulting in the Lockout
actuation associated with both relays.

i. The major sections of the ERAT “S” System logic that
are normally connected through the disconnects are as
follows:

1) ERAT Transformer Neutral and Winding
Overcurrent relays (350, 351, 351N, 251N) monitor
the primary and secondary windings. They can each
actuate the 86S-ET “S” Lockout. Fault Pressure
(63FP) also actuates Lockout 86S-ET. Lockout
relay 86S-ET directly actuates a Lockout of the
ERAT and actuates Fire Protection.

2) There are no relays that directly monitor faults on the
ET-4 Non-segregated Phase Bus to actuate the “S”
System. However, 286S-BE Bus Lockout relay is
actuated by the same inputs as 86S-ET when ET-4 is
closed. The 286S-BE relay directly actuates a
Lockout trip of 252-221A1, 1B1 and 1C1.

3) Normally, Disconnect ET-4 is closed. This results in
relays 86S-ET and 286S-BE to be connected in
parallel. If the inputs to either of these relays
actuate, both are energized resulting in the Lockout
actuation associated with both relays.

j- Refer to Attachments A through G for major
annunciators associated with the Auxiliary Power
system.

[.1.5.9]

[.1.5.10]
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E. High Voltage Breakers (General) [.1.3.5]

1. The circuit breakers used in the 6.9 KV and 4.16 KV
Switchgear are air magnetic or vacuum, three pole, single
throw, of the stored energy type, with electrically charged
spring, and operated from a 125 VDC control source. The
breakers have anti-pumping features to prevent damage to
the load and/or breaker. '

2. General physical locations of HV circuit breakers used in the
6.9 KV and 4.16 KV Switchgear are described with the
respective Switchgear in the next section.

3. The 6.9 KV and 4.16 KV breakers are of the “draw out” type

to allow racking out the breaker from the switchgear. HU Tools (for breaker ops)
include Procedural Compliance,

First Checks, Peer Checks and
STAR before and during
breaker operation.

a. Forall4.16 KV and 6.9 KV switchgear, a Safety Remote
Breaker Racking System (SARRACS) is used to safely
position the Magna-Blast type breakers from a remote
location to ensure personnel safety.

b. This places the breaker in the racked-out / racked-down /
disconnected position. The breaker can subsequently be
drawn-out / removed per maintenance procedures.

4. The doors of the switchgear are equipped with bolts/latches
to securely tighten them.

e Having a Solid

“a. Forall 4.16 KV switchgear except Division 3 4.16 KV Understanding of Plant
1CI switchgear, the breaker front cubicle door is shut Design, Engineering
and bolts torqued per the torque values posted on the Principles and Sciences

cubicle door.

b. Forall 6.9 KV switchgear, the breaker front cubicle door
is shut and latches engaged.

c. For Division 3 4.16 KV 1C1 switchgear, the breaker
cubicle door is shut and cubicle door latches engaged.

d. Ifbolts are untorqued or latches disengaged (as
applicable) on an above switchgear breaker door during
operation / on-line maintenance / PMT / surveillance,
etc, this places the breaker in a ‘Seismically Unanalyzed
Configuration’ on OPERABLE switchgear. The
switchgear need not be declared INOPERABLE,
provided the time in this configuration is limited to 48
hours per occurrence, and appropriate personnel remain
at the breaker cubicle (when the cubicle door is open) in
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order to return the breaker cubicle to a ‘Seismically
Analyzed Configuration’ when directed.

An exception to the above requirement is for non-safety
related Division 1 & 2 switchgear located in Seismic
Category 1 areas which do not perform any safety
functions.

e. NSED-Equipment Qualification Impact Assessment was
performed to determine the operability of this switchgear
given one of the bolts either being loose or stripped. The
results determined that the operability was not impacted
with just one of the bolts loose or stripped.

5. Allthe 4.16 KV and 6.9 KV switchgear feeder breakers are
equipped with timed overcurrent trip relays for JA and JC
and a ground fault relay. The main feeder breakers are
equipped with bus under voltage relay <JA to B and &B to
C, and bus under voltage auxiliary relays.

6. Controls and Indications

a. With exception of Division 3 4.16 KV 1C1 switchgear,
the breakers on the 4.16 KV & 6.9 KV switchgear have a
Local-Remote selector switch, which allows transfer of
the breaker control to the MCR when in “Remote”. In the

* "Local" position, the breaker can be cycled open and
closed while it is racked in the "Test" position only.

b. The Division 3 4.16 KV 1C1 switchgear (GE Magna-
Blast) breakers do not use a Local-Remote switch but
instead rely on procedurally positioning the breaker
within its enclosure (i.e. racked-out / racked—down /
disconnected position and then withdrawn ~2 % inches)
to allow local testing of the breaker. In addition, for
surveillance testing requiring automatic (remote)
operation of the breaker in the Test Position, a
mechanical jumper is used to allow the breaker to actuate
the breaker auxiliary switches while in its Test Position.

c. All the breakers for motors on the 4.16 KV and 6.9 KV
switchgear have an elapsed time meter that can be used
to determine the run time on the associated motor.

d. Most of the breakers on the 4.16 KV and 6.9 KV
switchgear that are equipped with Lock Out Relays have
White (Tripped) and Blue (Reset) indicating lights.

[.1.5.1][.1.5.3]

[.1.15.2]
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e. All4.16 KV and 6.9 KV switchgear breakers are
equipped with Green (Open) and Red (Closed) indicating
lights which are powered from breaker DC control power
(via supply and return control power fuses).

1) The Green (Open) indication “looks” directly at the
position of the breaker via the breaker’s auxiliary
52/b contact. When the breaker is open, the 52/b
contact is shut allowing for the open indication.

2) The Red (Closed) indication “looks™ directly at the
position of the breaker via a pair of the breaker’s
auxiliary 52/a contacts (in series with the breaker trip
coil (TC)). When the breaker is shut, the 52/a
contacts are shut allowing for the closed indication.

IMPORTANT: The breaker Red (Closed) indicating
lights provide more information to the operator than
just breaker closed indication. The Red (Closed)
lights being lit also informs the operator that the
breaker trip coil (which is electrically in series with
the Red lights) is electrically intact standing by to
trip the breaker on an electrical fault on its associated
bus.

Figure 9

A major contributing factor
which increased the severity of
the H.B. Robinson event
(Appendix N) was the inability
of a key breaker to trip open on
a bus overcurrent condition due
to one of its control power fuses .
becoming dislodged from its fuse
holder via mechanical shock.
This condition remained
unidentified by the station. See
Appendix N for more
information.
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Control power fuses which are not installed
correctly, have blown, or otherwise just lose physical
contact with the circuit they are designed to power
and protect, will cause both breaker indications (both
Open and Closed) to either extinguish or not light
depending on the position of the breaker.

For a breaker which is already closed under this
condition, the ability of the breaker to automatically
protect its bus (by tripping open via its trip coil) is
lost since power to the breaker trip coil would be
unavailable from DC control power (i.e. the trip coil
must energize to trip the breaker).

Using Figure 9, trace the control power flowpath
through a typical 4.16 or 6.9 KV breaker in terms of
breaker status (open or closed) indication and the
relationship of the breaker’s trip coil with the breaker
closed indication. PROVE how a defective breaker
control power fuse related to closed breaker position
indication affects the ability of the breaker to
automatically trip.

As an operator, it is important to realize (i.e. on
rounds, casual observation, etc.) what a loss of
breaker indication REALLY means and the potential
impact on personnel & plant safety.

Refer to Appendix N (H.B. Robinson event) to learn
more about the potential consequence of ignoring
~ what APPEARS to be a MINOR equipment issue.

Think about the Fundamentals to be applied here at
CPS which can help mitigate or prevent such an
event.

7. All breaker activities performed on operable switchgear shall
be evaluated for switchgear operability, and seismic
qualification per CPS 1014.11, 6900/4160/480V
Switchgear/Circuit Breaker Operability Program. This
includes, but is not limited to, opening the cubicle door and
racking operations.

a. Prior to racking out or in a 4160V or 6900V breaker,
remove the control power fuses.

Print Reading Exercise:

Using Figure 9, PROVE how a
defective breaker control power
fuse related to breaker closed
position indication affects the
ability of a breaker to
automatically trip.

For other than a defective -
control power fuse, what else can
cause a loss of Red (Closed)
indications? What is the
potential impact on the plant?

HU Tools (for breaker ops)
include Procedural Compliance,
First Checks, Peer Checks and
STAR before and during
breaker operation.
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b. When verifying breakers racked in, verify that the

charging spring motor circuit is energized (on breakers
that are so equipped).

Each time a 4160V 1C1 (1E22-S004) Magna-Blast
Breaker is racked-in, the Plunger/Aux Switch Rod
Contact Gap measurements shall be verified SAT per
CPS 3515.01, Operation Of 6900/4160/480V Circuit
Breakers.

8. Breaker Identification

a.

Physical identification of safety-related equipment
involves two methods of identification, color code and
segregation code. The codes are used to distinguish
between the different Class 1E Divisions and non-Class
1E components.

In addition to the color codes described in Attachment I,
AC breakers are designated as follows: X-52-X-X-XX
(52 = AC Circuit Breaker) Refer to Attachment K,
Auxiliary Power Breaker Codes.

Given the following Breaker Numbers, identify the
breaker.

e 552-501A
e 552-521B
e 452-401A

Given the following breaker description identify the
breaker number.

4.16 KV AC Circuit Breaker, 4.16 KV Bus Main
Feed Breaker, Bus 1A1

480 V AC Circuit Breaker, 480 V Bus, Tie Breaker,
Bus IL & IM

HU Tools (for breaker
identification) include a
Questioning Attitude (and
Verifying Assumptions) if
something does not “look right”
(i.e. same component with
multiple IDs or two components
with the same ID).
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F. 6900 Volt Switchgear

1. The 6.9 KV System consists of 2 non-divisional buses, 1A &
1B. Each bus is an enclosed, free-standing structure rated at
2000 amperes, three phase, 60 Hz, resistance grounded wye,
which limits ground fault current to 2,000 amperes and 1,000
MVA.

2. 6.9 KV bus 1A is located on the east side of 762" Auxiliary [.1.4.5]
Building and 6.9 KV bus 1B is located on the west side of
762" Auxiliary building. Lockout and reset indications and
controls are located on the front of the switchgear structure.
The large motor loads supplied by these buses are tabulated
as follows (for the entire load list, refer to CPS No. 3501.01
E001):

6.9 KV Bus 1A 6.9 KV Bus 1B
RR Pump 1A RR Pump 1B
CW Pump 1A CW Pump 1B
CW Pump 1C FW Pump 1C

3. The two 6.9KV buses 1A and 1B supply eighteen 480V Unit [.1.5.13]
Substations. Each substation contains a 6.9KV to 480 volt
transformer.

4. Key Unit Substations have cross connecting breakers to a
companion Substation that is supplied from the opposite
6.9KV bus. For certain fault conditions the source of power
to these Substations will be automatically transferred.

See Attachment L for 480 volt Substation locations.
5. Indications

a. On MCR panel P870, 6.9 KV Bus Voltage meters for
Bus 1A and 1B are provided with a selector switch for
each meter to select indication from Phases A-B, B-C,
and A-C or to turn the meter off.

b. A Red Bus Energized status light is place on the mimic
for Bus 1A and 1B.
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c. Synchronizing instrumentation on the Switchyard section
of MCR panel P870 is used when manually closing the
Normal or Alternate feeders to the 6.9 KV buses.
Synchronizing switches associated with each of the four
feeder breakers will align the Running and Incoming
voltages as appropriate to the indication on the
Switchyard section.

6. Controls and Interlocks

a. The Main feed breakers each havé an individual four
position (Trip-Normal-Close, Pull-to-Lock) control
switch located on P870.

1) The associated Sync Selector Switch must be turned
on and the Unit Synchronized to the Grid (permissive
provided by relay logic) in order to close the breaker.
There is no sync check relay on 6.9 KV buses.

2) If the bus is being fed from the reserve feed and the
main feed breaker is closed, both the main and
reserve breakers will stay closed until the control
switch for the main feed breaker is returned to
NORMAL at which time the reserve breaker will
automatically trip open.

3) If the on-coming source breaker trips prior to
releasing the source breaker control switch from the
“After Close” position, a loss of power to the bus
will not occur due to the off-going source breaker
sensing the position of the on-coming breaker even
though the control switch for the on-coming source
breaker is taken to the “After Close” position. (Note
that CPS 3501.01 High Voltage Auxiliary Power
System requires the operator to place the sync switch
to off before releasing the source breaker control
switch if the on-coming source breaker fails to close.
This is done to prevent an auto trip of the load
breaker and resultant loss of the bus in the event that
this interlock fails).

b. The Reserve feed breakers each have an individual four
position (Trip-Auto-Close, Pull-to-Lock) control switch
which is located on MCR panel P870.

1) The associated Sync. Selector Switch must be turned
on in order to close the breaker. There is no sync
check relay on 6.9 KV buses.

[.1.15.1]

[.1.5.1]

[.1.15.3]

[.1.15.1]

[1.15.1]

HU Tools (for ensuring a bus is
not inadvertently de-energized)
include a pre-evolution brief and
Procedural Compliance
especially when an “If-Then”
condition occurs during an
évolution. In this case, the
required actions when the
source breaker does not stay
closed as expected.

[.1.15.3]
[.1.15.1]
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C.

2) Ifthe bus is being fed from the main feed and the
reserve feed breaker is closed, both the main and
reserve breakers will stay closed until the control
switch for the reserve feed breaker is returned to
AUTO, at which time the main breaker will
automatically trip open.

On a loss of power from the UATSs (Generator Trip), the
buses will automatically transfer to their respective RAT
if the associated reserve feeder breakers are in the
"Normal-After-Trip" position.

1) On a loss of any one or all of the RATS, the
respective non-vital buses will not automatically
transfer to the UATs.

2) There are no undervoltage transfer relays on the 6.9
KV Buses. The automatic transfer from Main to
Reserve is initiated by logic relays.

If a fault occurs on a 6.9 KV bus, the main breaker trips,
the reserve feed breaker is blocked from closing, the
associated 480 V feed breakers trip and the associated
480 V tie breakers close.

7. Alarms

a.

The automatic trip of the Main or Reserve Breaker is
alarmed in the MCR (5011-1C, Auto Trip Breaker). The
alarm will result from a manually initiated bus transfer as
well as a fault or loss of the Generator. To reset the
alarm, the tripped breaker must be “flagged” by placing
the control switch to tripped for the tripped breaker
causing the position flag to go from Red to Green.

Loss of DC Control power for breaker control is alarmed
in the MCR (5011-1E). Breakers that lose status light
indication can only be tripped locally.

Loss of power to a 6.9KV bus will be alarmed in the
MCR (5011-1F, AC Undervoltage). This condition will
cause the 480V Substation breakers, fed by the bus to
trip open; however, neither the Reserve nor Main
breakers will attempt to reclose as a result of the detected
undervoltage.

[.1.5.5]

[.1.6]

[.1.15.3]

[.1.5.13]

HU Tools (for addressing
annunciators) include
Procedural Compliance (as
directed by ARPs and related
procedures) in addition to using
confirmatory indications in
accessing actual plant/
equipment status.
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d. Automatic transfer from the Main Feeder to the Reserve
Feeder is alarmed by Auto XFER 6900 V Bus Reserve
Feed Bkr alarm (5011-2C). If the automatic transfer to
the Reserve source is blocked, a XFER Blocked alarm
(5011-2D) will alarm in the MCR.

e. Refer to Attachments B through H (as applicable) for
alarm details.

G. 4160 Volt Switchgear Non-Class 1E

1. The 4.16 KV non-Class 1E System includes buses 1A & 1B.
Each bus is an enclosed free standing structure with buses
rated at 3,000 amperes, 3-phase, 60 Hz, resistance grounded
wye, which limits ground fault current to 3,000 amperes and
250 MVA. Bus in plant locations are as follows:

a. 4.16 KV buses 1A is located on 762' Auxiliary Building
east side.

b. 4.16 KV buses 1B is located on 762' Auxiliary Building
west side.

c. Lockout and reset indications and controls are located on
the front of the switchgear structure.

2. Large motor loads supplied by the 4.16 KV Buses are as
follows (for a complete list of all loads, refer to CPS No.
3501.01 E001).

4.16 KV Bus 1A 4.16 KV Bus 1B

| RRM-G 1A RR M-G 1B

CA Pump A | CA Pump B

WO Chiller A & C WO Chiller B,D & E

CCPump 1A & C CC Pump 1B

WS Pump 1A & C WS Pump 1B

SA Compressor 0 SA Compressor 1 & 2

RD Pump 1A RD Pump 1B

CDPumplA&C  |CDPumpIB&D

CBPump 1A & C CB Pump 1B & D

[.1.4.6]

[1.4.6]
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3. The two 4.16 KV Non-Class 1E buses 1A and 1B supply six [.1.5.13]
480V Unit Substations. Each substation contains a 4.16KV
to 480 volt transformer. There are no cross connects
between the Substations.

4. Indications

a. On MCR Panel P870, 4.16 KV Bus Voltage meters for
Non Class 1E buses 1A and 1B are provided with a
selector switch for each meter to select indication from
Phases A-B, B-C, and A-C or to turn the meter off.

1) A Red Bus Energized status light is place on the [-1.16.4]
mimic for Bus 1A and 1B.

2) Synchronizing instrumentation on the Switchyard [1.15.1]
section of MCR panel P870 is used when manually
closing the Normal or Alternate feeders to the 4.16
KV buses. Synchronizing switches associated with
each of the four feeder breakers will align the
Running and Incoming voltages as appropriate to the
indication on the Switchyard section.

5. Controls and Interlocks [.1.5.3]
a. Feeder Breaker Controls [.1.15.3]

1) The 4.16 KV 1A and1B Main and Reserve feed
breakers each have a four position (Trip-Auto-Close,
Pull-to-Lock) control switch on P870.

2) The associated Sync. Selector Switch must be turned [.1.15.1]
on and the Unit Synchronized to the Grid (permissive
provided by relay logic) in order to close the breaker. -
There is no sync check relay on 4.16 KV buses.

3) If'the bus is being fed from the main feed and the
reserve feed breaker is closed, both the main and
reserve breakers will stay closed until the control
switch for the reserve feed breaker is returned to
NORMAL, at which time the main breaker will
automatically trip open.
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4) If the on-coming source breaker trips prior to [.1.15.1]

" releasing the source breaker control switch to the
“After Close” position, a loss of power to the bus
will not occur due to the off-going source breaker
sensing the position of the on-coming breaker even
though the control switch for the on-coming source
breaker is taken to the “After Close” position. (Note
that CPS 3501.01 High Voltage Auxiliary Power
System requires the operator to place the sync switch
to off before releasing the source breaker control
switch if the on-coming source breaker fails to close.
This is done to prevent an auto trip of the load
breaker and resultant loss of the bus in the event that
this interlock fails).

HU Tools (for ensuring a bus is
not inadvertently de-energized)
include a pre-evolution brief and
Procedural Compliance
especially when an “If-Then”
condition occurs during an
evolution. In this case, the
required actions when the
source breaker does not stay
closed as expected.

b. On aloss of power from the UATs (Generator Trip), the
buses will automatically transfer to their respective RAT
if the associated reserve feeder breakers are in the
"Normal-After-Trip" position.

1) On a loss of any one or all of the RATs, the [.1.16.4]
respective non-vital buses will not automatically
transfer to the UATs.

2) There are no undervoltage transfer relays on the 4.16
KV Buses. The automatic transfer from Main to
Reserve is initiated by logic relays.

c. Ifa fault occurs on a 4.16 KV bus, the main breaker [.1.16.4]
trips, the reserve feed breaker is blocked from closing,
the associated 480 V feed breakers trip. There are no tie- [.1.5.5]
breakers on the substations associated with 4.16 KV.

6. Alarms [.1.6]

a. The automatic trip of the Main or Reserve Breaker is
alarmed in the MCR (5012-1A, Auto Trip Breaker). The
alarm will result from a manually initiated bus transfer as
well as a fault or loss of the Generator. To reset the [1.15.3]
alarm the tripped breaker must be “flagged” by placing
the control switch to tripped for the tripped breaker
causing the position flag to go from Red to Green.

b. Loss of DC Control power for breaker control is alarmed
in the MCR (5012-1C). Breakers that lose status light
indication can only be tripped locally.
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c. Loss of power to a 4.16 KV bus will be alarmed in the
MCR (5012-1D, AC Undervoltage). This condition will HU Tools (for addressing

cause the 480V Substation breakers, fed by the bus to annunciators) include
trip open; however, neither the Reserve or Main breakers Procedural Compliance (as
will attempt to reclose as a result of the detected directed by ARPs and related
undervoltage. procedures) in addition to using
confirmatory indications in
d. Automatic transfer from the Main Feeder to the Reserve accessing actual plant/
Feeder is alarmed by Auto XFER 4160V Bus Reserve equipment status.

Feed Bkr alarm (5012-2A). If the automatic transfer to
the Reserve source is blocked, a XFER Blocked alarm
(5012-2B) will alarm in the MCR.

e. Refer to Attachments A through G (as applicable) for [-1.6]
alarm details.
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H. 4160 Volt Switchgear Class 1E

1. The 4.16 KV Class 1E System consists of three buses. Each
bus is an enclosed free standing structure and are rated at
1,200 amperes, 3-phase, 60 Hz. Bus in plant locations are as
follows:

a. 4.16 KV buses 1Al is located on 781" Auxiliary Building
east side.

b. 4.16 KV buses 1Bl is located on 781" Auxiliary Building
west side.

c. 4.16 KV buses 1C1 is located on 781' Control Building.

d. Lockout and reset indications and controls are located on
‘the front of the switchgear structure.

2. Large motor loads supplied by the 4.16 KV Buses are as
follows (for a complete list of all loads, refer to CPS No.
3501.01 E001).

Bus 1A1 Bus 1B1 Bus 1C1

LPCS Pump RH Pump 1B | HPCS Pump
RH Pump 1A RH Pump 1C
SX Pump 1A SX Pump 1B
FC Pump 1A FC Pump 1B

VP Chiller 1A VP Chiller 1B

3. The 4.16 KV Class 1E buses 1A1 and 1B1 each supply two
480V Unit Substations with each substation containing a
480V transformer. Ten MCCs are assigned to Division 1
and 11 MCCs to Division 2. Division 3 has three Motor
Control Centers, which are fed off of one step down
transformer. There are no cross connects between the
substations.

a. Nine of the ten MCCs assigned to Division 1 are Safety-
related.

b. Ten of the eleven MCCs assigned to Division 2 are
Safety-related.

c. The table below lists the safety related MCCs powered
by bus 1A1 and bus 1B1.

[.1.4.6]

[.1.4.6]

[.1.4.6]

[.1.5.13]
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Bus 1A1 Bus 1B1
480V Unit Sub A 480V Unit Sub B
e CBMCCEI1 s CBMCCF1
e CBMCCE2 e CBMCCEF2
e CBMCCG e CBMCCH
480V Unit Sub 1A 480V Unit Sub 1B
e SSWMCC 1A e SSWMCC 1B _
e DG bldg MCC 1A e DG bldg MCC 1B
e AB MCC 1Al e ABMCC1BI
e ABMCCI1A2 e AB MCC 1B2
e AB MCC 1A3 e AB MCC 1B3
e ABMCC1A4 e AB MCC 1B4
e TBMCC 1M

4. Essential Switchgear Heat Removal System maintains the
switchgear, battery, inverter rooms and cable spread areas
within the design temperature limits of the equipment. If the
system becomes degraded the following actions are taken.

a. Open all doors to the overheating room. Opening the
doors violates fire boundary integrity.

b. Set up a portable air blower to cool the room.

c. If possible, reduce electrical load on components located
in overheated switchgear or inverter room.

5. Indications

a. MCR Panel P877 has the controls and indications for
Class 1E Buses 1A1 and 1B1. The 1C1 Bus indications
and controls are on Panel P601.

1) A separate 4.16 KV Bus Voltage meters for each of
the Class 1E Buses is provided on the associated
MCR panel. A Red Bus Energized status light is [.1.16.4]
place on the mimic for each bus.
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2) The two synchroscopes (Division 1 & 2 1E buses) on
P877 have Running and Incoming Voltmeters with a
range of 0-5250 volts. There is also a slow-fast
indicator with two white voltage indicator lights
located above the voltmeter for each of the
synchroscopes. The lights indicate if the running bus
and/or the incoming bus are in phase. The slow-fast
indicator is used to indicate the frequency difference
between the two sources on either side of the breaker
that has been selected to parallel across. The
synchroscopes are common to each division’s 4.16
KV buses main and reserve feed breakers and the
D/G output breaker.

3) The synchroscope for the Division 3 safety related
bus on MCR Panel P601 is similar to the
synchroscopes for Division 1 & 2.

4) There is an individual, key locked, two position (Off- [[1.15.1]
On) Sync selector switch for 4.16 KV bus 1A1, 1B1
and 1C1 main, reserve and D/G feed breakers that is
used to select the associated division’s synchroscope.
Each of the switches is located above its associated
breaker control switch on MCR panel P877 (Division
1 & 2) and P601 (Division 3).

5) Local Indications . ‘ [[1.4.6] .

a) The main and reserve 4.16 KV supply breaker
each has an ammeter selector switch that is
selectable for each phase (A-B-C) and one_
ammeter each (0-600 amps).

b) The 4.16 KV HPCS Transformer feeder breaker
is equipped with a transformer current selector
switch that selects for each phase (A, B, C), and
one ammeter (0-75 amps).

c) The 4.16 KV bus Auxiliary Compartment has a
bus potential voltmeter selector switch (Off, A-B,
B-C, C-A) and a Bus 1C1 voltmeter (0-5250
volts). Bus 1C1 current can be read on P601
using the ET 4 Normal or Alternate Feeder
indication.
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6. Controls and Interlocks

a. Feeder Breaker Controls

1)

2)

3)

4)

The 4.16 KV 1A1, 1B1 & 1C1 Main, Reserve and
D/G feed breakers each have a four position (Trip-
Auto-Close, Pull-to-Lock) control switch on P877
(Division 1 & 2) and on P601 for Division 3.

The associated Sync. Selector Switch must be on and
the synchronization check relay satisfied to manually
close any of these breakers.

a) Ensuring that the equipment being paralleled is
synchronized with each other prevents equipment
damage. '

b) Typically, the phases are required to be within
20°. The relay senses voltages on both sides; if
one side is not energized, this condition bypasses
the synchronization relay to allow energizing the
line that is de-energized.

If the bus is being fed from the main (reserve) feed
and the reserve (main) feed breaker is closed, both -
the main and reserve breakers will stay closed until
the control switch for the reserve (main) feed breaker
is returned to NORMAL. When the switch is
released the main (reserve) breaker will then
automatically trip open. If the on-coming source
breaker trips prior to releasing the source breaker
control switch to the “After Close™ position, a loss of
power to the bus will not occur due to the off-going
source breaker sensing the position of the on-coming
breaker even though the control switch for the on-
coming source breaker is taken to the “After Close”
position. (Note that CPS 3501.01 High Voltage
Auxiliary Power System requires the operator to
place the sync switch to off before releasing the
source breaker control switch if the on-coming
source breaker fails to close. This is done to prevent
an auto trip of the load breaker and resultant loss of
the bus in the event that this interlock fails).

Automatic transfer is available between either source
breaker if the incoming feeder breaker, has 4.16 KV

[.1.5.3]

[.1.15.3]

[.1.15.1]

[.1.15.1][.1.15.3]

HU Tools (for ensuring a bus is
not inadvertently de-energized)
include a pre-evolution brief and
Procedural Compliance
especially when an “If-Then”
condition occurs during an
evolution. In this case, the
required actions when the
source breaker does not stay
closed as expected.
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power available, the closing and tripping DC control
power for the breakers is available, incoming breaker
control switch is in the "NORMAL-AFTER-TRIP"
position, and the Lockout Relays are not tripped.

5) The Division 2 ESF bus breakers for RHR pump 1B
and SX pump 1B may be operated from the locally
mounted control switch if the associated local
Remote Shutdown control switch is selected to
"Emergency"(refer to the Remote Shutdown lesson
plan for further details).

b. Loss of Power (LOP) Instrumentation [.1.5.11][.1.5.12][.1.16.4]

1) The Loss of Power (LOP) Instrumentation monitors
the 4.16 KV Class 1E emergency buses. If the
monitors determine that insufficient off site power is Note that DGs also start on
available, the Emergency Diesel Generator is LOCA signals.
automatically started and a bus transfer sequence is
initiated to restore an adequate power source.

2) Each 4.16 KV emergency bus has its own
independent LOP instrumentation and associated trip
logic. The voltage for the Division 1, 2, and 3 buses
is monitored by two different undervoltage functions:
Loss of Voltage (1% Level) and Degraded Voltage
(2™ Level).

3) The First Level, Loss of Voltage, is indicative of a I [[1.5.12]
loss of offsite power. It uses a low voltage setting of
~2870V ( Div 1 and 2) and ~2538 (Div 3) with a
short 2 sec time delay.

4) The Second Level, Degraded Voltage, indicates that [1.5.11]
while offsite power may still be available it may be
insufficient for starting large motors without risking
damage to the motors due to excessive starting
currents. Attempting to obtain the required power

~ with degraded voltage requires higher currents. It
uses low voltage setting of ~4072 V with a longer, 15
sec time, delay.

5) Each Division 1 and 2 emergency bus Loss of
Voltage Function is monitored by two undervoltage
relays on the emergency bus and two undervoltage
relays on each of the two offsite power sources. The
outputs of these relays are arranged in a two-out-of-
two taken three times logic configuration. Each of
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6)

7)

8)

these relays is an inverse time delay relay. Alarms in
MCR (5060-3C, 5061-3C)

The Division 3 emergency bus Loss of Voltage
Function is monitored by four undervoltage relays on
the emergency bus whose outputs are arranged in a
one-out-of-two taken twice logic configuration. The
output of this logic inputs to a time delay relay.
Alarms in MCR (5062-3B)

Degraded Voltage Function logic is identical for
Division 1, 2, and 3 emergency buses. Degraded
Voltage Function is monitored by two undervoltage
relays with contacts arranged in series (a two-out-of-
two logic) configuration. The output of this logic
inputs to a 15 second time delay relay. Alarms are
provided in MCR for Div 1 and 2 5060-3D, 5061-
3D) A direct alarm for Div 3 is not provided. The
condition would be indicated by Auto XFER 4160V
Bus RES/DG Feed Bkr alarm 5062-1B.

A Loss of Power condition on a 4.16 KV safety
related bus while power is provided from the normal
(reserve) source, will cause the normal (reserve)
source to automatically trip and the reserve (normal)
source to close and pick up loads depending upon the
following considerations.

a) Differential overcurrent lockout on the main
source will cause a fast transfer to the reserve
source, if it is available. No loads should be lost.
Other conditions locking out the main source are
slower to react and loss of loads should be
anticipated.

b) Automatic slow source transfer of a bus occurs if
all source breakers are open for any reason and a
fast source transfer has not resulted due to bus
protective action and the other source being
"available" to the bus at the instant all source
breakers become open. This takes approximately
2.5 seconds for Div 1 and 2. Div 3 is very quick.

c) Ifthe reserve (normal) source voltage is also low
and the 1% Level Undervoltage logic times out,
then the Diesel Generator (DG) will start and the
DG output breaker closes. The DG does not auto

[.1.6]

If a fault or overload exists on
the bus the normal (alternate)
breaker will not close in.
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start unless both the main and reserve feed power
sources and associated breakers are not available.

d) If the 2™ Level Undervoltage logic times out (15
sec), the Diesel Generator auto starts,
Reserve(Main) feeder will open, the
Main(Reserve) feeder locks-out, the bus loads are
stripped, and DG closes in.

e) The loads on the bus will be stripped and
sequentially loaded onto the DG if the associated
ECCS initiation signals are present.

f) If several sources become available to the bus
after the loads are shed, due to bus undervoltage,
the breaker for the source that becomes available
first is closed. If several sources become
"available to the bus" at the same instant, the
RAT ‘B’ source breaker will have preference.

g) There is no automatic transfer back to the
normal, or reserve power source from the DG
should the normal, or reserve source be restored.

c. Undervoltage Relays

1) Loss of Power signals are sensed by potential and
control power transformers.

a) There are 4 Potential Transformers on each of the
1A1 and 1B1 buses and 3 Potential Transformers
on the 1C1 bus.

b) Onthe 1A1 and 1B1 buses there is a Potential
Transformer on each of the main and reserve
power sources, on DG power source and one off
of the bus itself.

c) The 1C1 bus has only 3 and is the same as the
1A1 and 1B1 with the exception that there is no
Potential Transformer for the DG source as it is
located in the DG control panel.

d) Two of the three power distribution phase-pairs
are continuously monitored by the undervoltage
relays to detect a degraded or loss of voltage
condition. Phase pair A-to-B are monitored in
addition to phase-pair B-to-C. A degraded or loss

If DG output breaker auto trips,
do not attempt to reclose the
breaker.

[1.16.4]
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of voltage in BOTH phase-pairs must be sensed
before the bus logic responds.

This turns out to be a vulnerability and limitation
in the undervoltage sensing logic. If, for
example, phase ‘C’ was lost (no phase ‘C’
voltage) but sufficient voltages remained on
phases A & B, only one of the two phase-pairs
would ‘see’ loss of phase ‘C’ and no automatic
actions would occur to help protect important
loads.

2) The potential and control power transformers, up to
15 KVA, single phase, are enclosed within their own
compartments. They are mounted on a cradle, which
is linked to the door of the compartment.

a) When the door is closed, both the primary and
secondary disconnecting contacts are engaged.

b) When the door is open, the cradle and
transformers are automatically rotated about a
horizontal axis disconnecting both the primary
and secondary contacts, and grounding the fuses
(PT Fuses) and the high voltage windings of the
transformers.

(a) A shutter comes down to block access to
the primary contacts, and a catch secures
the door in the open position. In this
position the fuses may be safely removed.

(b) This also causes low voltages (no
voltage) to be sensed by the undervoltage
relays resulting in Bus transfers and
possible DG startup and tie onto the bus.

(c) The PT fuses are contained in door type
cabinet enclosure sitting on top of the
switchgear or mounted flush with front of
switchgear. On Division 3 the Bus and
Main Feed PT Fuses are contained in a
drawer type enclosure inside Auxiliary
Compartment.

d. Diesel Generator Operations

The vulnerability described here
became apparent during the
Byron event when the 345 KV
‘C’ phase (feeding off-site
sources) open-circuited. This
condition was not sensed by the
protection logic. See Attachment
O for further information.

10/98 at CPS, while in Cold Shutdown
Bus 1A1 was momentarily de-
energized causing the Joss of
Shutdown Cooling. An operator
opened the wrong PT compartment
while attempting to replace fuses
from a clearance order. DG 1 started
and closed in on the bus. This will be
reviewed in detail later.

[.1.15.1]
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1) If the bus is paralleled between the associated DG
and either the main or reserve feed, turning the DG
Sync. Selector switch to “Off” will trip the DG feed
breaker.

2) If'the associated DG trips or a LOCA signal is
received while the D/G is paralleled, the DG breaker
will trip open. If a LOCA signal causes the DG
output breaker to trip open while it is paralleled and a [1.16.5]
subsequent bus undervoltage occurs, the DG breaker -
will automatically reclose and loads will be
sequentially placed onto the bus (depending upon
ECCS initiation signals).

3) The DG output breaker has an overcurrent trip. This [.1.16.5]
trip is bypassed when a LOCA signal is present.

4) If the DG output breaker trips while the DG is the [-1.16.5]
only supply tied to the Class 1E 4160V bus, the bus
will not automatically re-energize from an off-site
source. Manual operator action is required to restore
vital bus power from off-site sources.

5) Due to the potential for a fault to adversely impact the off-
site sources, the use of the Offsite Source Permissive push-
button shall not be used to re-energize a Class 1E 4160V
bus unless an in-use surveillance or test procedure
specifically directs the use of this function.

7. Alarms

a. The automatic trip of the Div 1 or 2 Main, Reserve, or [-1.6]
Diesel Generator Breaker is alarmed in the MCR (5060-
1B, 5061-1B). The alarm will result from a manually
initiated bus transfer as well as a bus fault. To reset the
alarm the tripped breaker must be “flagged” by placing
the control switch to tripped for the tripped breaker [1.15.3]
causing the position flag to go from Red to Green.

b. Division 3 is provided with individual automatic breaker
trip alarms for the Main, Reserve and DG output
breakers (5062-1A, and 1C, 3A).
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c. A 4160V Bus Breaker Not Available alarm (5060-1D,
5061-1D) indicates that one or both of the offsite power
source feeds is not available. This could be due to F or S
System actuation on RT 4 and/or ET 4, breaker
overcurrent trip, loss of control power, or breaker
maintenance.

d. The initiation of a transfer sequence from the Main
Feeder to either the Reserve Feeder or DG is alarmed by
Auto XFER 4160 V Bus alarm (5060-2B, 5061-2B, and
5062-1B). The alarm actuation does not imply that the
transfer was successful. Failure of the transfer may be
accompanied by a XFER Blocked alarm (5060-2C,
5061-2C, and 5062-2B). This alarm may be cause by
overcurrent trip of a feeder breaker, breaker
maintenance, or a bus fault.

e. Loss of DC Control power for breaker control is alarmed
in the MCR (5060-3A, 5061-3A, and 5062-7A).
Breakers that lose status light indication can only be
tripped locally.

f. Refer to Attachments B through H (as applicable) for
alarm details.

I 480 Volt Unit Substations

I.

The unit substations are fed from their associated 6.9 KV and
4.16 KV buses. There are 28 unit substations supplying 111
MCC:s plus 2 Hydrogen Igniter Panels, which are actually

- MCC type equipment.

See Attachment L for the 480 volt Substation locations.

Refer to CPS 3502.01E001 (480 VAC Distribution Electrical
Lineup) for a complete list of physical locations of 480 VAC
Substations and associated Motor Control Centers (MCCs).

Risers (also known as Plug-in Buses) provide convenient
tap-off points to the 480 V bus from selected substations.
They are used to conveniently power loads such as welding
receptacles and lighting panels. Other loads can be mounted
to the riser in either a permanent or temporary configuration,
as needed. Riser access points are segmented to allow
breaker box installation. Riser covers (which provide a
barrier to the underlying 480 V bus) must be in place for
personnel safety and should only be removed by authorized
maintenance personnel.

HU Tools (for addressing
annunciators) include
Procedural Compliance (as
directed by ARPs and related
procedures) in addition to using
confirmatory indications in
accessing actual plant/
equipment status.

[.1.5.13]
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5. 480 VAC Unit substations typically supply motors between
250 and 50 horsepower and have transformers with
supplemental fan(s) cooling to increase their load capability.

6. If normal power is lost to some of the 480V Substation [-1.5.5]
supplied by 6.9 KV, power can be restored to the 480V
substation via a 480 V cross-tie breaker.
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7. All breaker activities performed on OPERABLE switchgear
shall be evaluated for switchgear operability and seismic
qualification per CPS No. 1014.11, 6900/4160/480V
SWITCHGEAR/CIRCUIT BREAKER OPERABILITY
PROGRAM.

a.

This includes, but is not limited to, opening the cubicle
door and racking operations.

When verifying breakers racked in, verify that the
charging spring motor circuit is energized (on breakers
that are so equipped).

8. 480 Volt Transformers

da.

The transformer sources in the substations are low
resistance grounded through a grounding resistor to limit
maximum ground fault current to 1200 amperes. The
480 V system is solidly grounded.

A three position control switch (Auto-Hand-Off)
operates the transformer cooling fans. In Hand, the fan
runs continuously; in Auto, the fan cycles automatically
to control transformer temperature.

-1) 480 V transformers are equipped with local winding

temperature indication.

2) A high temperature condition is alarmed by 5011-3G
for 6.9 KV and 5012- 4D for 4.16 KV. These alarm
procedures provide the computer points to aid in
identifying the alarming transformer.

9. Indications

a.

480V Buses voltages are monitored on P870 using a
network of selector switches and 0 to 600 volt meters for
the non-Class 1E 6.9 KV and 4.16 KV systems. Panel
P877 has a similar arrangement for Division 1 and 2
Class 1E systems. Division 3 has a single voltage meter
for 480V Bus 1C.

A separate current meter is provided for each 480V Bus
supplied by the non-Class 1E 6.9 KV and 4.16 KV
systems. Panel P8§77 has the same arrangement for
Division 1 and 2 Class 1E systems. Division 3 does not
have current indication on P601 specifically for 480V
loads.

[.1.6]
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10. Breaker Controls

a. The feeder breaker control switches are four position
(Trip-Normal-Close, Pull-to-Lock). A single feed
breaker, from the non-Class 1E 6.9 KV or 4.16 KV
buses, will generally supply two 480 VAC Bus
transformers.

b. Division 1 and 2 distribution has a single feed breaker on [.1.4.6]
each 4160 V Bus that supplies two transformers (1A & A
and 1B & B). The control switches for these breakers are
located on P877. Division 1 4160 feeder 252-AT 1AA1
can also be controlled from the Remote Shutdown Panel
(RSP).

c. Division 3 has only one 480 V transformer, 1C. The
control switch for the supply breaker is located on P601.

d. The 480 V bus tie-breaker control switches (1L &1M, [-1.5.5]
ID & 1E, 1H & 11, C & D and O & P) are four position,
and located on P870. The cross-tie breakers can be
manually closed with both normal feed breakers closed,
the following notes apply to this operation.

1) Short duration paralleling is acceptable in the event it
is desirable not to interrupt power to a 480V Bus.
However, when two buses are paralleled, the
available fault current is above the short circuit rating
of the breakers. A fault occurring at this time would
almost certainly cause breaker failure and equipment
damage. Time spent in this condition should be kept
to a minimum.

2) Prior to paralleling two 480V Buses, ensure there is
< 5° phase angle difference between the two sources
by checking across a 6.9 KV feeder breaker with the
Sync Switch. There are no interlocks; this is a
procedure requirement.

3) CPS No. 3502.01, 480VAC Distribution also
provides for a “Drop and Pick-up Method” method
for transferring 480V buses.
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4) Maximum allowable amperage of the 480V bus
pairs:

a) 480V Bus C & D: 112 amps
b) 480V Bus IH & 1I: 112 amps
c) 480V Bus 1L & IM: 84 amps

e. Unit substation main feed breakers that cannot be [.1.5.13]
operated from the MCR have local operating panels.
These panels are wall mounted remotely from the 480 V
main feed breaker. The wall-mounted units contain push
buttons to close and trip the breaker, and have red and
green lamp indication. Bus mimics in the Main Control
Room have red (energized) lamp indication for these
breakers. Refer to Attachment M for locations.

11. Relay Protection and Interlocks

a. The Unit Substation Transformer Breakers that feed two [.1.5.13]
unit substations are equipped with an instantaneous
overcurrent and timed overcurrent automatic trip relay
for @ (phase) A, @B, and & C, and an individual ground
fault relay for each of the unit substations that they feed.

b. The Unit Substation Main Feeder Breakers that are the
feed to an individual unit substation are equipped with an
instantaneous overcurrent and timed overcurrent
automatic trip relay for JA, @B, and JC, and a ground
fault relay for the unit substation that they feed.

c. Anundervoltage condition on 6.9 KV or 4.16 KV supply [.1.5.5]
bus will trip the associated 480V Transformer Breakers
and 480V Main Feeder Breakers. Inthe 6.9 KV [.1.4.5]
distribution system the 480Vbuses with cross-connects,
the tie breaker closes if the 480V feeder is tripped.

d. An overcurrent trip on the Transformer and Main Feeder [.1.5.5]
Breakers will block closure of the Tie Breakers where
they are provided. The Tie Breakers also have an
overcurrent trip protection.

N-CL-OPS-262001, Rev 012 Page 58 of 172



Content/Skills Activities/Notes

12. Alarms

a. Computer points can be used to identify which non-Class [.1.6]
1E Main Feeder Breakers have tripped. The computer
points are listed in the associated alarm procedures
(5011-3D, 5012-3B).

b. Annunciators 5011-3D and 5012-3B each serve as HU Tools (for addressing
common alarms for the respective Unit Subs they annunciators) include
monitor. The respective alarm can be cleared once the Procedural Compliance (as
affected Unit Sub causing the alarm is identified. If the directed by ARPs and related
affected Unit Sub tripped on overcurrent, resetting procedures) in addition to using
(pressing in) the white tab on the Unit Sub breaker will confirmatory indications in
clear the respective annunciator. This allows the accessing actual plant/
annunciator to warn of other Unit Sub breaker trips. equipment status.

c. Computer points can also be used to determine which [.1.5.13]

non Class 1E 480V substation have lost DC Control
Power by referencing the associated alarm procedure
(5011-3E, 5012-3C)

d. Automatic breaker operation and undervoltage are
alarmed on P870, P877, and P601. Refer to Attachment
C,D,E, and F.

e. Refer to Attachments A through G (as applicable) for
alarm details.

J. 480V Motor Control Center (MCC)

1. The 480 V Motor Control Centers are mostly fed from the
480 V unit substations. There are 111 MCC plus 2
Hydrogen Igniter Panels that are actually MCC type
equipment. A few MCCs are powered off of the 12KV loop.

2. MCC supply power for 480 V motors up to 50 HP. Those
breakers, which supply a load in the Containment or
Drywell, are equipped with double breakers to protect the
Containment and Drywell penetrations from overcurrent
conditions and thus satisfy the design criteria for the
penetration.

3. Many of the 480 V MCCs include 480-208/120 V non-
regulating and regulating transformers and distribution
panels.

4. Referto CPS 3502.01E001 (480VAC Distribution Electrical [.1.3.9]
Lineup) for the location of MCCs which are fed from 480-
volt substations.
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V. Interlocks

A. Fault Protection

1. Fault protection for the transformers and various distribution
systems are addressed in the Components, Section I'V.

2. A summary of the relay nomenclature used in the Auxiliary
Power System is as follows:

a.

Overcurrent-Instantaneous Relay (Type 50) protects the
switchgear and supply equipment due to high phase
current exceeding a predetermined value during an
instantaneous time period. Relay trip is indicated by a
red flag dropping inside the relay box on the switchgear.

Overcurrent-Time Relay (Type 51) protects the
switchgear and supply equipment due to high phase
current exceeding a predetermined value over a
calibrated time period. A trip is indicated by a red flag.

Ground-Overcurrent Instantaneous Relay (Type 50G)
protects the switchgear and supply equipment due to
high phase current to ground. A trip is indicated by a red
flag.

Neutral-Overcurrent Time Relay (Type 51N) protects the
switchgear and supply equipment due to high phase

unbalance loading exceeding a predetermined value over
a calibrated time period. A trip is indicated by a red flag.

Under-Voltage Relay (Type 27) monitors loss of voltage
or degraded voltage at the switchgear. A trip is indicated
by a red flag.

Lockout Relay (Type 86) trips ACB's and blocks closing

‘of the ACB's. When an 86 relay has been tripped the

problem is serious and shall be fully investigated before
the relay is reset. The relay trip is indicated by lights on
the switchgear and is reset by a switch located on the
switchgear.

Alarm Relay (Type 74) is a device other than an
annunciator, which is used to operate, or to operate in
connection with, a visual or audible alarm.

[.1.5.10]

[.1.5.10]

[.1.5.10]

[.1.5.10]
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h. Differential Protective Relay (Type 87) is a protective
device which functions on a percentage of phase angle or
other quantitative difference of two currents or of some
other electrical quantities.

3. CPS 4200.01 LOSS of AC POWER, includes Trip Data
Sheets that list all of the relays associated with the loss of
major electrical distribution centers listed below. When a
lockout occurs it is imperative that these forms are filled out
completely to support the post event analysis.

D001, Main Generator
D002, RAT A,(B),[C]
D003, ERAT

D004, 6900V Bus 1A
D005, 6900V Bus 1B
D006, 4160V Bus 1A
D007, 4160V Bus 1B
D008, | Emergency Bus 1A1
D009, Emergency Bus 1B1
D010, Emergency Bus 1C1

D011, Switchyard

B.  Unit Synchronization Relays (U-Z)

1. These six relays are normally energized when MOD 4508 is
closed AND either GCB 4506 OR GCB 4510 is closed.
These conditions are used to indicate that the Main
Generator is on line and power is available to Auxiliary
Power System through the Unit Auxiliary Transformer.

2. Through use of these relays the following interlocks are
satisfied.

a. Unit Auxiliary Transformer feeder breakers to 4.16 KV
and 6.9 KV buses 1A and 1B may be closed. Loss of
these relays will initiate a transfer of the 6.9KV and
4.16KV Buses to the respective RAT.

[.1.5.9]
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b. The EXCITER FLD CONTROL switch at P680 in the
MCR is interlocked with the unit sync relays such that
the operator cannot manually turn off Exciter field
excitation while the Main Generator is loaded
(synchronized to the grid).

c. Turning Gear Motor start permissive is fed by the relays.
C. Loss of Coolant Accident Response

1. During operation when offsite power is available a Loss of e Working Effectively as a
Coolant Accident (LOCA) will cause the Emergency Diesel Team
Generators to start and to run idle.

a. Emergency loads are sequenced on even though offsite
power is available. RHR Pumps A and B start is delayed
by 5 second, SX Pump 1A and 1B are delayed by 10
seconds, and the other emergency loads promptly start.

b. Shunt trips are actuated stripping non-Class 1E loads
from the Class 1E Buses. Selected Class 1E loads are
shed.

2. If aloss of all offsite power occurs in conjunction with a [-1.5.13]
LOCA, the Emergency Diesel Generators start, non-Class 1E
loads are shunt tripped, and the Class 1E bus loads are shed
except Substation feeders.

a. RHR Pump A and B start is delayed by 5 seconds, SX
Pump 1A and 1B start is delayed by 10 seconds, and the
other emergency loads promptly sequence on as soon as

the Class 1E Bus power is available from the associated
DG.

b. Balance of Plant loads from non-Class 1E 6.9KV and
4.16KV buses are lost when the Main Generator Lockout
is actuated.

3. The Shunt Trips and the selected Class 1E loads which are
shed are listed in CPS 4001.02 AUTOMATIC ISOLATION
in Table 1. The resetting of the shunt trips and restoration of
loads that are shed is addressed in the respective system
operating procedures.
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D. Station Blackout [.1.9]

1. A Station Blackeut is the total loss of offsite AC power
sources (including Main Generator), and failure of Div 1 &
Div 2 DG power sources. The Auxiliary Power System will
respond as described for LOOP depending on plant
conditions.

2. Div 3 AC power source is in excess of the number required
to meet the minimum redundancy requirements (i.e., single
failure) for safe shutdown. For extended SBO conditions, it
should be referenced for strategies the ERO could employ to
supply Div 1 or 2 ECCS busses from the Division 3 Diesel
Generator to support decay heat removal. RCIC is the other
source of cooling.

3. AC power loss is assumed for all operating AC equipment
including nuclear instruments, level indication and RPV
metal temperatures powered from the ECCS and non-ECCS
buses, and a loss of all AC lighting.

a. As long as DC buses are available, instrumentation may
be available where powered by un-interruptible supplies,
such as the NSPS ATMs.

b. CPS 4200.01 Loss of AC Power directs you to CPS
4201.01C002 DC Load Shedding which provides
direction for manually decreasing loads on the station
batteries to prolong the availability of critical DC loads
and instruments.

4. Operator Time Response during a Station Blackout

a. ATLAS Database assumes operator take actions in 10
minutes to control RPV level and pressure.
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VI. Controls/Instrumentation/Power Supplies

Controls, Instrumentation and Power Supplies for the Auxiliary
Power System is addressed with the associated major
. components in Section IV.
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VII.

A.

Interrelationships

Support Systems

1.

Main Generator

a.

Generator output of approximately 22 KV is supplied to
the UATs for in house loads. The UATs step the voltage
down from 22 KV to 6.9 and 4.16 KV. A UAT fault will
trip and lockout the Main Generator.

Switchyard

a.

The 345 KV and 138 KV Switchyard supplies two
independent sources of offsite power to the Auxiliary
Power System through the three RATs and ERAT.

Static Var Compensators are installed on the secondary
sides of RAT ‘B’ and the ERAT to help maintain plant
voltage for the 4.16 KV safety buses during transient
conditions on the offsite system.

138 KV through the 12 KV distribution system supplies
some Auxiliary Power loads.

Emergency Diesel Generators

a.

Supply emergency power to the associated Class 1E
buses.

The Auxiliary Power System allows a load connection
for the D/Gs to accomplish surveillances on the D/Gs.

The Auxiliary Power System provides an auto start
signal to the D/Gs on an associated ESF bus degraded or
undervoltage condition.

125 VDC Electrical Distribution

a.

b.

Supplies control power to all the Air and Vacuum Circuit
Breakers in the Auxiliary Power System.

Loss of DC Control power will result in the breakers’
inability to close or open remotely or automatically.
Inoperable breakers can be identified by a loss of status
light indication. Manual operation can be done in an
emergency, but is not desirable.

[.1.7]

[.1.5.11][.1.5.12]
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5. Fire Protection

a. Each RAT uses Protecto-wire to detect excessive heat
generation (or fire) at the respective transformer which
provides ties into the Fire Protection system for
annunciation and alarm.

b. Fire protection portion of the Auxiliary Power system
initiates a FP deluge on certain conditions such as sudden
pressure (UATs, RAT ‘B’ & ERAT) or a fast lockout
condition (RAT ‘B’ & ERAT). The deluge system can
also be manually initiated. A FP deluge initiation on the
UATs, RAT ‘B’ or ERAT will automatically trip off the
cooling system for these transformers. ‘

6. Essential Switchgear Heat Removal System

“a. Maintains the switchgear and cable spreading areas
within the design temperature limits of the equipment.

b. The Essential Switchgear Heat Removal System is
required to support the Technical Specification
operability of the AP System.

c. The switchgear rooms are also maintained at a positive
pressure as an aid in maintaining cleanliness.

7. Plant Process Computer (PPC)

.a. PPC provides indication of the status of the AP System
components, including transformer and bus voltages,
currents, transformer temperatures, and status of certain
important relays in the AP system.

B. Systems Supported [.1.8]

1. Refer to Section IV, Components. Major loads supplied by
. the high voltage buses are listed.

2. CPS 3514.01 BUS/UNIT SUB OUTAGES provides an
index of the check sheets that may be used to identify the
loads from the Auxiliary Power System.
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VIII.

A.

Technical Specifications

Safety Limits
1. None

Limiting Conditions for Operation (LCOs)

I. 3.3.8.1 - Loss of Power (LOP) Instrumentation

Example:
a. Plant is in Mode 1.
b. The Degraded Voltage Time Delay function was
discovered INOPERABLE for Division 1 safety bus (see
Table 3.3.8.1-1).
c. The affected chanrel will not become OPERABLE again

within the next two weeks.

What is the LCO impact on the Division 1 DG and when?

2. 3.8.1 - AC Sources - Operating

What constitutes an offsite source? Example:

a.

b.

Plant is in Mode 1.

Time = 0 - Security has reported that a wooden 138KV
pole north of the main parking lot is on fire. Ameren/IP
has been called. (Actual event occurred at CPS on

4/23/08)

Time =+ 5 minutes - Ameren/IP has de-energized the
138 KV line between Bloomington and Decatur.

What LCO actions are required to be performed for this
event?

Due to loss of the 138 KV line, one offsite circuit is
INOPERABLE.

Enter the following LCO actions:

1) 3.8.1 Action A.1 - Perform SR 3.8.1.1 (CPS 9082.01)
within 1 hour and once per 8 hours thereafter AND

[.1.12][.1.14]

[.1.12] [.1.14]

[.1.13]
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2) 3.8.1 Action A.2 - Restore offsite circuit to
OPERABLE status within 72 hours AND

3) 3.8.1 Action A.2 - Restore offsite circuit to
OPERABLE status within 17 days of discovery of
failure to meet the LCO (for this example, meeting
the 72 hour action satisfies this action).

3. 3.8.2 - AC Sources - Shutdown [.1.12] [.1.14]
a. Plantis in Mode 5.
b. HPCS system is required to be OPERABLE.
c. The ERAT is de-energized for an extended outage.

d. Division 3 DG was just declared INOPERABLE.

What is the LCO impact if Division 3 DG is not restored to
OPERABLE status until 4 days from now?

HPCS must be declared INOPERABLE if Division 3 DG not
restored to OPERABILITY within 72 hours as directed by
LCO3.82C.I1. '

4. 3.8.9 - Distribution Systems- Operating [-1.12] [.1.14]
What constitutes an AC Distribution system?
5. 3.8.10 - Distribution Systems- Shutdown [.1.12] [.1.14]

What AC Source are required when Shutdown?

Potential impact of a degradation of Non-segregated Phase Recent CPS OPEX involved
Bus Ducting on LCOs 3.8.1/3.8.2/3.8.9/3.8.10 — These finding a degraded (sagging)
LCOs could be potentially impacted (i.e. Required Actions rubber alignment joint on bus
entered) based on degradation of a Non-segregated Phase RT14 supplied by RAT ‘B’.
Bus duct going from a safety related source to safety

(divisional) loads, especially if the reliability, voltage & See IR 1309865 for more
current requirements of the ducting cannot be met. information.

Determination of the Operability impacts of degraded Non-
segregated Phase Bus Ducting would most likely require an
engineering evaluation of the degraded condition.
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C.  Operating Requirement Manual [.1.12]
https://www.youtube.com/watch
1. 2.5.1 Containment Penetration Conductor Overcurrent 2v=2WIN7iO-cfk [.1.14]

Protection Devices.

a. What action is required for an inoperable 6.9 KV breaker
while in Mode 1, 2 or 3?

1) Evaluate the system(s) affected by the 6.9 KV
breaker for OPERABILITY and enter the appropriate
Technical Specification and/or ORM ACTION.

2) For 6.9-KV circuit breakers, remove the 6.9-KV
circuit(s) from service by racking out the breaker
within 72 hours and verify the inoperable breaker(s)
to be racked out at least once per 7 days thereafter.
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IX. Operational Characteristics

A. Precautions and Limitations

1. CPS3501.01 - HIGH VOLTAGE AUXILIARY POWER
SYSTEM PRECAUTIONS

a.

When operating the Auxiliary Power System the operator
must ensure that only one Sync Selector Switch per
Synchroscope is placed ON at a time. Failure to do this
can result in equipment damage.

When closing any 6900V or 4160V breaker on an
energized bus, synchronization and voltage match must
be verified to prevent equipment damage.

Before attempting to restore systems following a power
outage (i.e., Station Black Out or Bus Outage), ensure
that power is available/restored to the radiation monitors
prior to restoring power to the trip system logic. This is
to avoid inadvertent actuations and/or isolations.

The Main/Reserve supply breakers to the 6900V and
4160V buses should not be held in the CLOSE position
longer than 5 seconds to preclude an undesirable trip due
to circulating current between the sources

(RAT/ERAT/UAT).

All breaker activities performed on OPERABLE
switchgear shall be evaluated for SWITCHGEAR
OPERABILITY/SEISMIC QUALIFICATION per CPS
1014.11, 6900/4160/480VSwitchgear/Circuit Breaker
Operability Program. This includes, but is not limited to,
opening the cubicle door and racking operations.

1) Prior to racking out or in a 4160V or 6900V breaker,
remove the control power fuses.

2) When verifying breakers racked in, verify that the
charging spring motor circuit is energized (on
breakers that are so equipped). -

[.1.10]

¢ Operating the Plant with
a Conservative Bias

N-CL-0OPS-262001, Rev 012

Page 70 of 172



Content/Skills Activities/Notes

f. Many loads, powered (directly or indirectly) from the
6900V or 4160V buses, are designed with automatic start
capability. To minimize the current surge, during bus
restoration, the unwanted automatic start of major loads
is prevented. This procedure provides direction for
preventing the automatic start of those loads that are
directly powered from the 6900V or 4160V buses.

480V Unit Subs are energized and de-energized per CPS
3502.01, 480V AC Distribution.

~ CPS 3514.01, Bus/Unit Sub Outages checklists, loading
diagram E02-1AP03, and bus load lists may be checked
to determine if there are other loads, with automatic
starting capability, that could have a significant impact
on bus restoration or plant operation.

g. Potential Transformer (PT) Cubicles associated with the
Safety Related 4160V Bus 1A1, 1APO7E (1B1, 1AP0O9E)
[1C1, 1E22-S004] should not be opened when the bus is
energized.

Opening the door can cause ESF actuations including
tripping of the ECCS bus and DG auto starts.

Each PT Cubicle is labeled as such, and Div 1(2) PT
Cubicles (2 each) are pad locked.

h. Inthe case of RAT ‘A’ (1AP02EA) primary LTC
controller (M-2001B) failure, RAT ‘A’ secondary
terminal voltage must be above the minimum acceptable
level of 6845V to start 6.9kV motors (Calc 19-AN-37).

i. 'WHEN both 6.9kV buses are connected to RAT A’
(IAP0O2EA) in MODE 1 at 100% power (loaded with
both RR pumps, 3 CW pumps and MDRFP), THEN
Increased monitoring of RAT ‘A’ (1AP02EA)
temperature should be conducted (3800.02C005
Switchyard and Transformer Log) to prevent overloading
damage (Calc 19-AK-13).
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J-  All switching operations on 4160V and 6900V
disconnects shall be performed using written instructions
by qualified personnel.

Written instructions shall be reviewed and approved/
initialed by the SMngt prior to performing switching
instructions.

Switching instructions are to be prepared and performed
as follows:

1) The instructions will be prepared on Switching Order
Form 302-2, if available. The Switching Order
number should be left blank.

2) The Switching Order shall clearly state the reason for
the switching and give sequential steps for the
switching evolution and include verification of the
status of components not operated that are important
to the safe operation.

3) Ensure disconnect switches are not operated under
load.

4) Remotely operated breakers used to interrupt power
flow during disconnect operation should have their
remote control switches danger tagged open to
prevent remote operation.

5) The status of Tagouts and Hold cards shall be
reviewed prior to preparing the Switching Order to
ensure that the Switching Order does not conflict,
causing a tagged component to be operated.

6) Switching orders shall be conducted by at least 2 SY
Area qualified operators (normally ‘E’ Area
operators,.but may be specially qualified for
switchyard work, e.g., qualified electrical
maintenance personnel or lineman).

One of the qualified personnel shall observe the
performance of the Switching Order, verifying the
order is performed as written. '

7) The persons performing the switching share the
responsibility with the SMngt. They shall call to the
SMngt’s attention any condition causing them to
believe the Switching Order is in error.
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8) Prior to performance of the Switching Order, the
individuals performing the switching shall discuss
the operation with the initiating supervisor. Each
individual should read the Switching Order in its
entirety and using applicable drawings or mimics
indicate each component to be checked or operated.

9) Completed Switching Orders initiated by the SMngt
should be forwarded to the Operations Support
Group.

2. CPS3501.01 - HIGH VOLTAGE AUXILIARY POWER
SYSTEM LIMITATIONS

a.

If the 4160V Bus 1A1(1B1)[1C1], or any of the buses’
potential power supplies are degraded, refer to:

1) ITSLCOs 3.8.1/2 (CPS 9082.01, Offsite Source
Power Verification)

2) ITS LCOs 3.8.9/10 (CPS 9082.02, Electrical
Distribution Verification)

Reclosure of a breaker that has tripped due to electrical
protection logic should not be attempted except in
emergency situations, and then only when reclosure can
be performed remotely to prevent hazard to personnel
should a breaker fault occur.

. Reclosure of a breaker that has tripped for some reason

other than an initiation by the electrical protection logic
may be performed if the cause of the trip is clearly
understood and corrected prior to attempting reclosure,
and if reclosure will not conflict with large motor starting
restrictions.

Work on Main Generator and MPT protective relaying
which can trip GCBs 4506 and 4510, should not be
performed during Backfeed using MPTs & UATs.

IF Any Safety Related 4160V Bus is being supplied from
the RAT (ERAT) when the respective RAT (ERAT)
SVC is not in-service, THEN voltage monitoring shall be
initiated per CPS 3501.01D001, Monitoring Safety
Related 4.16KV Bus Voltage Data Sheet.

[.1.10]
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f. 4160V/6900V Bus configuration should be maintained
on the listed Primary source unless transfer to the
Secondary source is desired to support surveillance
testing, maintenance activities, or as required due to
degraded grid conditions.

RAT ‘B’ and ERAT are functionally equivalent in their
ability to support 4160V Safety Bus power requirements.

Keep the Transmission Electric System Coordinator
(Dispatcher) informed of changes in the lineup.

g. Ifan SVC fails to ‘FREEZE’ (5011-7G/8G) while
transferring safety related busses, the bus transfer should
be completed without delay, and the SVC investigated.

h. Each time a 4160V 1C1 (1E22-S004) Magne Blast
Breaker is racked-in, the Plunger/Aux Switch Rod
Contact Gap measurements shall be verified SAT per
CPS 3515.01, Operation Of 6900/4160/480V Circuit
Breakers.

i. Ifthe DG 1A(1B)[1C] output breaker trips while the Div
1(2)[3] DG is the only supply to the 4160V Bus
1IA1(1B1)[1C1], the 1A1(1B1)[1C1] bus will not
automatically re-energize.

Due to the potential for the fault to adversely impact the
off-site sources, the use of the Offsite Source Permissive
push-button (only functions within 15 secs to allow the
RAT/ERAT breaker to automatically close & re-energize
the bus) shall not be used unless an in-use surveillance or
test procedure specifically directs the use of this
function.

J- Notify Ameren and the Power Team of any problems
with Aux Power that will limit plant operation or
capability. This includes, but is not limited to:

1) Any unplanned Diesel Generator unavailability
2) Any Static Var Compensator unavailability

3) Extended unplanned unavailability of any normal or
reserve source to a 6.9KV or 4.16KV bus.
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3. CPS3502.01 - 480 VAC DISTRIBUTION PRECAUTIONS

a.

During Auxiliary Power System operation, all safety
requirements in SA-AA-129, ELECTRICAL SAFETY
should be observed.

All breaker activities performed on OPERABLE
switchgear shall be evaluated for SWITCHGEAR
OPERABILITY/SEISMIC QUALIFICATION per CPS
No. 1014.11, 6900/4160/480V SWITCHGEAR/
CIRCUIT BREAKER OPERABILITY PROGRAM.

1) This includes, but is not limited to, opening the
cubicle door and racking operations.

When verifying breakers racked in, verify that the
charging spring motor circuit is energized (on breakers
that are so equipped).

Prior to energizing the 480V Substation, careful
consideration should be given to specific loads supplied
from the Substation, especially those that may start, to
prevent equipment damage and/or plant instability.

Prior to de-energizing the 480V Bus all loads being de-
energized should be considered and, if necessary,
alternate components supplied from a different power
source should be started. The applicable bus outage
checklist should be consulted for plant conditions and
precautions to be taken.

If the two 480V Buses to be paralleled are energized
from different sources, ensure there is < 5° phase angle

difference between the two sources by checking across a
6.9KV/4.16V feeder breaker with the Sync Switch.

Short duration paralleling is acceptable in the event it is
desirable not to interrupt power to a 480V Bus. However,
when two buses are paralleled, the available fault current
is above the short circuit rating of the breakers. A fault
occurring at this time would almost certainly cause
breaker failure and equipment damage. Time spent in
this condition should be kept to a minimum.

[.1.10]
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h.

Maximum allowable amperage of the 480V bus pairs:
1) 480V Bus C & D: 112 amps

2) 480V Bus 1H & 11: 112 amps

3) 480V Bus 1L & 1M: 84 amps

Monitor the ammeters of the 480V Buses that are paired.
In the event the maximum allowable amperage is
exceeded, reduce the overload condition by manually
tripping unit heaters on the various MCCs supplied by
the substation until the desired transformer load is
obtained.

There are no amperage limitations defined for 480V
buses O&P, and 1D&1E because the total load of the
busses, when paired on a single unit substation
transformer does not exceed the 100% KVA rating of the
transformer.

Before attempting to restore systems following a power
outage (i.e., Station Black Out or Bus Outage), ensure
that power is available/restored to the radiation monitors
prior to restoring power to the trip system logic. This is
to avoid inadvertent actuations and/or isolations.

4. CPS 3502.01 —480 VAC DISTRIBUTION LIMITATIONS

a.

Refer to ITS 3.8.9 and 3.8.10 for Electrical Power
Systems, AC Sources, Limiting Conditions for
Operation.

Reclosure of a breaker that has tripped on thermal
overload may be performed once.

Reclosure of a breaker that has tripped on other than
thermal overload may be performed once, providing the
following conditions are met:

1) Shift Management has given permission.

2) Reclosure can be done remotely to prevent hazard to
personnel should a breaker fault occur.

3) Loss of component availability will cause a
significant disruption of operational activities.

[.1.10]
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d. The preferred method for operation of locally controlled
breakers is to use the remotely mounted handswitches for
each of the 480V substation main feed breakers.

5. Refer to the following lesson plans for precautions and
limitations applicable to the following auxiliary power
related systems:

a. N-CL-OPS-262004 (Switchyard)
b. N-CL-OPS-264000 (Diesel Generator/ Diesel Fuel Oil)

6. SA-AA-129 (Electrical Safety) provides the safe work
practices and proper personal protective equipment
requirements to be used by all personnel at Exelon Nuclear
facilities.

B. Transformer Cooling System Operations

1. - Placing UAT Cooling in Service (CPS 3504.01 Section [1.11.1]
8.1.11)

NOTE: With Mode Switches in AUTO, if UAT windings
are 60°C - 70°C (140°F - 158°F), stage 1 fans will continue
to run, above 70°C (158°F) both stage 1 and 2 fans will
continue to run, and below 60°C (140°F), neither will
continue to run.

a. Perform CPS 3504.01E001 (MAIN POWER AND UNIT
AUX TRANSFORMERS) electrical lineup to place each
UAT cooling system in service.

b. Verify all cooling fans running.
c. Place following UAT switches to AUTO:
1) UAT 1A - Cooler Stage 1.
2) UAT 1A - Cooler Stage 2.
3) UAT 1B - Cooler Stage 1.
4) UAT 1B - Cooler Stage 2.

d. Unless waived by NSED, start-up Serveron Monitor.
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1) Open/verify open 1APO1EA(B)-TM8-1, UAT
1A(1B) - Serveron Oil Supply Valve.

2) Open/verify open 1APO1EA(B)-TM8-4, UAT
1A(1B) - Serveron Oil Return Valve.

3) Inthe Serveron Monitor cabinet (upper right hand
corner) place the Power switch to ON.

a) The monitor will take 2 - 3 hours to thermally
stabilize, after which it will make the next
scheduled sample run.

2. UAT Cooling System Shutdown (CPS 3504.01 Section [-1.11.2]
8.1.13)

a. Place following UAT switches to OFF:
1) UAT 1A - Cooler Stage 1.
2) 2) UAT 1A - Cooler Stage 2.
3) 3) UAT 1B - Cooler Stage 1.
4) 4) UAT 1B - Cooler Stage 2.
b. Unless waived by NSED, secure the Serveron Monitor:

1) Inthe Serveron Monitor cabinet (upper right hand
corner) place the Power switch to OFF.

2) Shut IAPOIEA(B)-TMS8-1, UAT 1A(1B) - Serveron
Oil Supply Valve.

3) Shut IAPOIEA(B)-TM8-4, UAT 1A(1B) - Serveron
Oil Return Valve.

3. UAT Degraded Cooling System Response (CPS 3504.01 [-1.11.3]
Section 8.3.2) '

a. IF UAT cooling is reduced THEN perform the
following:

1) Monitor transformer operating parameters (loading,
winding/liquid temp, control panel, etc.).

2) Attempt to restore cooling.

b. Observe UAT loading guidelines and temperature limits
as specified in CPS 3504.01 (MAIN POWER AND
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UNIT AUXILIARY TRANSFORMERS COOLING),
Table 3.

NOTE: UAT temperature limits are not expected to be
exceeded if the loading guidelines in Table 3 are
observed. Exceeding the loading guidelines requires
more frequent monitoring for temperature. Exceeding
any temperature limit requires action to reduce the
temperature to avoid transformer damage. Consider
implementing alternate cooling (water sprays, blowers).

IF Any UAT temperature exceeds the temperature limit
in Table 3, THEN reduce load on the affected UAT.

C. Energizing / De-Energizing High Voltage Buses

1. De-energizing 4160v Bus 1A1,(1B1), [1C1] (CPS 3501.01
Section 8.1.6)

a.

Complete CPS 3514.01C005 (C006) [C007], 4160V Bus
1A1 (1APO7E) (1B1 (1APO9E)) [1C1 (1E22-S004)]
Outage Checklist (omit this step if rapid bus de-
energization is required).

Place/verify the control switch for the sources not
supplying 4160V Bus 1A1 (1B1) [1C1] to PULL-TO-
LOCK.

1) 4160V Bus 1A1 (1B1) [1C1] Res Bkr, 1APO7EH
(IAPO9EC) [1ETR4C1], OR

2) DG 1A (1B) [LC] Output Bkr, IAPO7EC (1APO9EH)
[1E22-S001], OR

©3) 4160V Bus 1A1 (1B1) [1C1] Mn Bkr, 1APO7EK

(1APO9EA) [IRTACI]

Place the control switch for the source supplying 4160V
Bus 1A1 (1B1) [1C1] to PULL-TO-LOCK.

1) 4160V Bus 1A1 (1B1) [1C1] Mn Bkr, IAPO7EK
(1APO9EA) [IRT4C1], OR

2) 4160V Bus 1A1 (1B1) [1C1] Res Bkr, 1APO7EH
(1APO9EC) [LETR4C1], OR

[1.11.4]

Controlling Plant
Evolutions Precisely
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3) DG 1A (1B) [LC] Output Bkr, 1APO7EC (IAPO9EH)
[1E22-S001]

2. De-energizing 4160v Bus 1A, (1B) (CPS 3501.01 Section
8.1.5)

a.

b.

C.

Complete CPS 3514.01C003 (C004), 4160V Bus 1A
(1APO6E) (1B (1APO8E)) Outage Checklist (omit this
step if rapid bus de-energization is required).

Place/verify the control switch for the source not
supplying 4160V Bus 1A (1B) to PULL-TO-LOCK.

1) 4160V Bus 1A (1B) Res Bkr, IAPOGEM (1APOSEG)
OR
2) 4160V Bus 1A (1B) Mn Bkr, 1APOGEK (1APOSED)

Place the control switch for the source supplying 4160V
Bus 1A (1B) to PULL-TO-LOCK.

1) 4160V Bus 1A (1B) Mn Bkr, 1APOGEK (1APOSED)
OR
2) 4160V Bus 1A (1B) Res Bkr, 1APO6EM (1APOSEG)

3. De-energizing 6900v Bus 1A, (1B) (CPS 3501.01 Section
8.1.4)

a.

b.

C.

Complete CPS 3514.01C001 (C002), 6900V Bus 1A
(1APO4E) ((1B)(1APO5SE)) Outage Checklist (omit this
step if rapid bus de-energization is required).

Place/verify the control switch for the source not
supplying 6900V Bus 1A (1B) to PULL-TO-LOCK.

1) 6900V Bus 1A (1B) Res Bkr, I APO4EF (1APOSEE)
OR
2) 6900V Bus 1A (1B) Mn Bkr, 1APO4EC (1APOSEH)

Place the control switch for the source supplying 6900V
Bus 1A (1B) to PULL-TO-LOCK.

[.1.11.5]

[.1.11.5]
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4. Energizing 4160v Bus 1A1, (1B1), [1C1] (CPS 3501.01 [-1.11.6]
Section 8.1.3)

NOTE: Prior to energizing 1APO7E (1AP09E) [1E22-S004],
refer to CPS 3514.01C005 (C006), [C007], 4160V Bus 1A1
1APO7E (1B1 (1APO9E)) [1C1 (1E22-S004)] Outage
checklist. :

The NOT AVAILABLE 4160V BUS BREAKER
annunciator (Div 1 & 2 only) will not be reset in the
following step if one of the power sources to the bus is
unavailable.

Steps applicable to component restoration that is not
available for restoration per its controlling document may be
skipped.

Only RAT ‘B’ and the ERAT are serviced by a SVC. Where
“RAT SVC” appears, this refers to RAT ‘B’ SVC.

a. Prior to energizing the bus, Place/verify all feeds to the
applicable 4160V Bus 1A1 (1B1) [1C1] in the PULL-
TO-LOCK position.

1) 4160V Bus 1A1 (1B1) [1C1] Mn Bkr, IAPO7EK
(LAPO9EA) [IRT4C1]

2) 4160V Bus 1A1 (1B1) [1C1] Res Bkr 1APO7EH
(1APOSEC) [LETR4C1]

3) 4160V Bus 1A1 (1B1) [IC1] DG Bkr 1APO7EC
(1APO9EH) [1E22-S001]

b. IF any Safety Related 4160V Bus is being supplied from
the RAT (ERAT) when the respective RAT (ERAT)
SVC is not in-service, THEN voltage monitoring shall be
initiated per CPS 3501.01D001, Monitoring Safety
Related 4.16KV Bus Voltage Data Sheet.

c. Verify open/open the following breakers per CPS
3502.01, 480VAC Distribution (as applicable):

1) 480V XFMR 1A & Al BKR, 1APO7EJ
2) (480V XFMR IB & B1 BKR, 1AP09EB)

3) [480V Transformer 1C Bkr (at 4160V Bus 1C1 Cub
)]
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d. Verify/place SSW Pump 1A (1B) [1C], 1SX01PA(B)[C]
control switch in PULL-TO-LOCK.

e. Remove/verify removed the control power fuses or the
breakers racked out for the following loads (as
applicable):

This breaker activity requires a review of CPS 1014.11,
6900/4160/480V Switchgear/Circuit Breaker Operability
Program requirements.

1) 1A1: LPCS Pump, 1E21-C001 and RHR A Pump,
1E12-C002A

2) (1B1:RHR B Pump, IE12-C002B and RHR C
Pump, 1E12-C002C)

3) [1C1: HPCS Pump, 1E22-C001 (at 4160 Bus 1C1
Cub 4)]

f. Place 4160V Bus 1A1 (1B1) [1C1] Mn {Res} Bkr Sync
to ON.

g. Verify 4160V Bus 1A1 (1B1) [1C1] Incoming Voltage is
‘between 3950 to 4300 volts (Low: 5008-5L setpoint;
High: Operability Limit). Adjust Incoming Voltage
within allowable OPERABILITY range, if necessary.

h. Close 4160V Bus 1A1 (1B1) [1C1] Mn {Res} Bkr,
1APO7EK {1APO7EH} (1APOSEA {1APO9EC})
[IRT4C1 {IETRAC1}].

i. Verify 4160V Bus 1A1 (1B1) [1C1] is energized.

j. Place 4160V Bus 1A1 (1B1) [1C1] Mn {Res} Bkr Sync
to OFF.

k. Ifavailable, place the 4160V Bus 1A1 (1B1) [1C1] Res
{Mn} Bkr, 1APO7EH {1APO7EK} (1APO9EC
{1APO9EA}) [1ETRAC1 {1RT4C1}] control switch to
AUTO. '

. If available, place DG 1A (1B) [1C] Output Bkr,
1APO7EC (1AP0O9EH) [1E22-C001] C/S to AUTO.

m. 480V Unit Subs [480V Transformer 1C] may be
energized per CPS 3502.01, 480VAC Distribution.

[1.11.7]
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5. Energizing 4160v Bus 1A, (1B) (CPS 3501.01 Section
8.1.2)

NOTE: Prior to energizing 1APO6E (1APOSE), refer to CPS
3514.01C003 (C004), 4160V Bus 1A (1APO6E) (1B
(1APOSE)) Outage checklist.

Steps applicable to restoration of a component that is not
available for restoration per its controlling document may be
skipped.

a. Prior to energizing the bus, place/verify all feeds to the
4160 Bus 1A (1B) in the PULL-TO-LOCK position.

1) 4160V Bus 1A (1B) Mn Bkr, 1APO6EK (1APO8EJ)
- 2) 4160V Bus 1A (1B) Res Bkr, 1APO6EM (1APOSEG)

b. Verify open/open the following breakers (as applicable)
per CPS 3502.01, 480VAC Distribution:

1) 480V XFMR Q & I BKR, 1APO6EJ (480V XFMR J
& R BKR, 1APOSED)

2) 480V XFMR G & K BKR, 1APO6EQ (480V XFMR
H & L BKR, 1AP0O8EK)

c. Verify/place the following C/S’s in PULL-TO-LOCK:

1) For 4160V Bus 1A:
a) Service Air Compressor 0, 0SA01C
b) PSW Pump 1A, IWS01PA
c) PSW Pump I1C, IWSOIPC
d) CCW Pump 1A, 1CCO1PA
e) CCW Pump 1C, 1CCO1PC

2) For 4160V Bus 1B: '
a) Service Air Compressor 1, ISA01C
b) Service Air Compressor 2, 2SA01C
c) PSW Pump 1B, IWS01PB

d) CCW Pump 1B, 1CC01PB
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d. As applicable, place the following pumps in
LOCK/STQOP:

a) Cond Booster Pump A (B), ICB0O1PA(B)

b) Cond Booster Pump 1A (B) Aux Lube Oil Pmp,
1CBO7PA(B)

c) Cond Booster Pump C (D), 1ICBO1PC(D)

d) Cond Booster Pump 1C (D) Aux Lube Oil Pmp,
1CBO7PC(D)

e) Cond Pump A (B), ICD0O1PA(B)
f) Cond Pump C (D), 1ICD0IPC(D)
e. Place 4160V Bus 1A (1B) Res {Mn} Bkr Sync to ON.

f. Close 4160V Bus 1A (1B) Res {Mn} Bkr, IAPO6EM
{1APO6EK} (1APOSEG {1APOSEJ}).

g. Verify 4160 Bus 1A (1B) energized.
h. Place 4160V Bus 1A (1B) Res {Mn} Bkr Sync to OFF.

i. Ifavailable, pléce the 4160V Bus 1A (1B) Mn {Res}
Bkr, IAPO6EK {1APO6EM} (1APO8EJ {1APOSEG})
C/S to AUTO.

j- 480V Unit Subs may be energized per CPS 3502.01,
480VAC Distribution.

6. Energizing 6900v Bus 1A (1B) (CPS 3501.01 Section 8.1.1) [.1.11.7]

NOTE: Prior to energizing 1AP04E (1APO5E), refer to CPS
3514.01C001 (C002), 6900V Bus 1A (1AP04E) (1B
1APO5SE)) Outage checklist.

Steps applicable to restoration of a component that is not
available for restoration per its controlling document may be
skipped.

a. Prior to energizing the bus, place/verify all feeds to the
6900 Bus 1A(1B) in the PULL-TO-LOCK position.

1) 6900V Bus 1A (1B) Mn Bkr 1APO4EC (1APOSEH)

2) 6900V Bus 1A (1B) Res Bkr 1APO4EF (1APOSEE)
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b.

[6900V Bus 1B (1APOSE) only] Lock out the MDRFP to
prevent auto start when the bus is reenergized.

On 1H13-P870, verify open/open the following breakers
per CPS 3502.01, 480VAC Distribution (as applicable):

1) 480V XFMR 1F & 1J BKR, 1APO4EH (480V
XFMR 1G & 1K BKR, 1AP0O5EC)

2) 480V XFMR IL & 1D BKR, 1AP04EJ (480V
XFMR 1E & 1M BKR, 1APO5SEB)

3) 480V XFMR 1H BKR, 1APO4EG (480V XFMR 11
BKR, 1APO5EK)

4) 480V XFMR C & O BKR, 1APO4EA (480V XFMR
P & D BKR, 1APOSED

5) 480V XFMR M & E BKR, 1APO4EK (480V XFMR
F & N BKR, 1APO5EQG)

Place 6900V Bus 1A (1B) Res {Mn} Bkr Sync to ON.

Close 6900V Bus 1A (1B) Res {Mn} Bkr, IAPO4EF

'{1AP04EC} (1APOSEE {1APO5EH}).

Verify 6900V Bus 1A (1B) is energized.
Place 6900V Bus 1A (1B) Res {Mn} Bkr Sync to OFF.

If available, place the 6900V Bus 1A (1B) Mn {Res}
Bkr, 1APO4EC {1APO4EF} (1APOSEH {1APO5EE})
C/S to AUTO.

480V Unit Subs may be energized per CPS 3502.01,
480VAC Distribution.

D. Transferring High Voltage Buses

1. Transferring a 6900V or 4160V Bus TO or FROM its
Reserve {Main} Source (CPS 3501.01 Section 8.1.8)

CAUTION: Main Generator Output voltage shall be

> 21,560 volts prior to transferring 6.9KV busses or 4160V
busses to the RAT. Voltages < 21,560 volts will under-
voltage some BOP equipment.

NOTE: Transferring a 6900V or 4160V bus TO or FROM
its Reserve (Main) Source should be monitored using BOTH

[1.11.8]
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computer points (AP-BAS501 thru AP-BA520, and AP-
BA536, APBA541, AP-BA542) and Control Board Meters to
provide proper load shift indication.

a. IF Any Safety Related 4160V Bus is being supplied from
the RAT (ERAT) when the respective RAT (ERAT)
SVC is not in-service, THEN voltage monitoring shall be
initiated per CPS 3501.01D001, Monitoring Safety
Related 4.16KV Bus Voltage Data Sheet.

b. Place the Bus Res {Mn} Bkr Sync keylock switch to the
ON position.

c. For 4160V Safety Related Bus 1A1 (1B1) [1C1] transfer:
As time and resources permit, prior to transfer, attempt to
adjust 4160V Bus Incoming Voltage within 4084 -
4300V.

NOTE: For all postulated 345 KV grid conditions,
manual transfer of buses during high voltage conditions
from RAT to ERAT, or vice-versa, can be performed
with SVC out of service regardless of the difference in
voltage between the two offsite sources of power.
Transferring buses between the RAT and UATs will
effect indicated MWe net and may require adjusting
power or contacting the Power Team to adjust generation
profile.

d. Verify the synchroscope is steady at ~ the 12 o’clock
position. IF Synchroscope is NOT at ~ 12 o’clock
position when closing the Main Source Feed Breaker,
THEN verify:

1) The UAT’s are fed in a backfeed lineup.
2) Cause of the synch switch indication is known.

3) SMngt permission is given for paralleling without
normal synch scope indication.

NOTE: A stationary synchroscope at a position other
than ~ 12 o’clock indicates the Reserve {Main} source is
not energized.

e. Close the Bus Res {Mn} Bkr, and prior to releasing the
switch to the AUTO position, verify:

1) Closed indication on the SOURCE breaker, and
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2) A load shift is indicated on the bus load meters.

IF SOURCE breaker failed to close, OR a bus load shift
is not indicated on the bus, THEN place the sync switch
to OFF prior to releasing the switch to the AUTO
position. This prevents the auto trip of the load breaker
and the resulting loss of the bus.

IF OFF-GOING breaker failed to trip, THEN manually
open the OFF-GOING breaker.

IF OFF-GOING breaker still fails to trip, THEN:
a) Verify both feed breakers are closed.

b) Using the breaker’s handswitch, reclose the
‘OFF-GOING’ breaker.

c) Verify tripped/open the ‘SOURCE’ breaker when
the ‘OFF-GOING’ breaker is returned to AUTO.

f. Place Handswitch for the tripped breaker to OPEN, and
match the Flag with the indication on the tripped breaker
in order to clear the AUTO TRIP Annunciator.

g. Place the Bus Res {Mn} Bkr Sync keylock switch to
OFF.

h. Notify CMO Group to perform thermography on Circuit
Switcher 4538 (RATs) & B018 (ERAT) if transformer
assumed any significant loading.

2. Transferring a 4160V Bus TO or FROM the DG (CPS
3501.01 Section 8.1.7)

E. Abnormal Voltage -

1. High Voltage 4160V Safety Bus Response (SAFETY [-1.11.9]
RELATED 4.16KV BUS HIGH VOLTAGE — Annunciator
5007-5M) (CPS 3501.01 Section 8.3.4)

a. IF 4.16KV Bus 1A1 (1APO7E), 1B1 (1AP0O9E), or 1C1
(1E22-5004) voltage exceeds 4300V THEN take
required action (below) as indicated in table below (note
that time zero shall be established from the point of
exceeding 4300V as determined from plant indications/
recorders):

N-CL-OPS-262001, Rev 012 Page 87 of 172



Content/Skills Activities/Notes

Voltage Required Actions
> 4300V and <4454V for | 1) only

< 30 minutes
> 4300V for > 30 minute 1),2),3),4)
(INOPERABLE)
> 4454V (INOPERABLE) |1),2),3),4

1) Restore bus voltage to <4300V. This is required
within 30 minutes to maintain OPERABILITY.

2) Declare the affected divisional electrical distribution
subsystem(s) INOPERABLE. Refer to ITS LCO
3.8.9/10.

3) NSED perform an ‘operability evaluation’ or
‘engineering evaluation’ prior to the affected
. divisional electrical distribution subsystems being
declared OPERABLE since the system has exceeded
analyzed limits.

b. Perform CPS 9082.02, Electrical Distribution
Verification for the affected ITS SR 3.8.9.1/3.8.10.1
divisional electrical distribution subsystems when <

4300V in order to support re~establishing -
OPERABILITY.

c. Additional actions required by CPS 3501.01 (HIGH
VOLTAGE AUXILIARY POWER SYSTEM)

1) Initiate voltage monitoring per CPS 3501.01D001,
Monitoring Safety Related 4.16KV Bus Voltage Data
Sheet under the following conditions:

a) Any Safety Related 4160V Bus is being supplied
from the RAT (ERAT) when the respective RAT
(ERAT) SVC is not in-service.

b) When annunciator 5007-5M, 4KV BUS HIGH
VOLTAGE is in an alarm condition, or is out-of-
service.

2) Maintain and/or restore bus voltage to 4136 - 4251 V
(5007-5M/5008-5L setpoints) using any
available/applicable method below:
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b)

g)

Placing RAT (ERAT) SVC in-service per CPS
3505.03 RAT & ERAT Static Var Compensator
(SVC).

Increasing the RAT ‘B’ 4160V loading by
placing additional 4160V BOP loads on the RAT
‘B’.

Transferring loads to the alternate offsite source
ERAT (RAT ‘B’).

Manually adjusting the ERAT-LTC Tap setting
per CPS 3505.01, 345 & 138KV Switchyard
(SY).

Lowering TG (DG) génerator output voltage.

Requesting Electric Supply Dispatcher to lower
138KV/345KYV line voltage.

Transferring the bus(es) to the DG. Transferring
the bus(es) to the DG(s) should be done only
when all other methods of controlling voltage
have been exhausted, and when bus voltage is
expected to significantly exceed 4454 volts or
failure of safety related loads are imminent.

3) As necessary, assign computer points SY-DAS501/2
(345KYV support) and/or AP-BA525/530/535
(138KV support) to annunciator 5009-3H, PMS
ALARM DISPLAY per CPS 3512.01 (DCS/CX &
PMS/CZ) to act as an annunciator backup.

2. Low Voltage 4160V Safety Bus Response (SAFETY
RELATED 4.16KV BUS LOW VOLTAGE — Annunciator
5008-5L) (CPS 3501.01 Section 8.3.1)

a. If Safety related buss voltage is <4000 V then cause an
auto transfer to alternate source by placing the
appropriate RAT/ERAT feed breaker for the associated
bus in Pull-to-Lock (Hard Card P870).

b. Initiate voltage monitoring per CPS 3501.01D001,
Monitoring Safety Related 4.16KV Bus Voltage Data
Sheet under the following conditions:

1) Any Safety Related 4160V Bus is being supplied
from RAT B (ERAT) when the respective RAT
(ERAT) SVC is not in-service.

[.1.11.10]
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C.

2) When annunciator 5008-5L is in an alarm condition,
or when this annunciator is out-of-service.

Additional actions required by CPS 3501.01 (HIGH
VOLTAGE AUXILIARY POWER SYSTEM)

NOTE: Safety Related 4160V buses are analyzed for
sustained operation as low as the secondary under
voltage relay automatic DG start/bus tie in setpoint [>
4051 V & <4092 V (nominal 4072 V).

The bus(es) shall be declared INOP when bus voltage is
<4084 V.

Only RAT ‘B’ & the ERAT are serviced by a SVC.
Where “RAT SVC” appears, this refers to RAT‘B’.

1) Initiate voltage monitoring per CPS 3501.01D001,
Monitoring Safety Related 4.16KV Bus Voltage Data
Sheet under the following conditions:

2)

a)

b)

Any Safety Related 4160V Bus is being supplied
from the RAT (ERAT) when the respective RAT
(ERAT) SVC is not in-service.

When annunciator 5008-5L, 4KV BUS LOW
VOLTAGE is in an alarm condition, or is out-of-
service.

Maintain or restore bus voltage to 4136 - 4251 V
(5007-5M/5008-5L setpoints) using any available/
applicable method below:

a)

Placing RAT (ERAT) SVC in-service per CPS
3505.03, RAT & ERAT Static Var Compensator
(SVC).

Reducing BOP auxiliary loads on RAT ‘B’.

Transferring loads to the alternate offsite source
ERAT (RAT ‘B’).

Manually adjusting the ERAT-LTC Tap setting
per CPS 3505.01, 345 & 138KV Switchyard
(SY).

Raising TG (DG) generator output voltage.
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F.

f) Requesting Electric Supply Dispatcher to raise
- grid voltage.

3) As necessary, assign computer points SY-DAS501/2
(345KV support) and/or AP-BA525/530/535
(138KV support) to annunciator 5009-3H, PMS
ALARM DISPLAY per CPS 3512.01 (DCS/CX &
PMS/CZ) to act as an annunciator backup.

Paralleling Class 1E 4.16KV Bus With Respective DG

1.

DG - Offsite Power Parallel Operation

NOTE: This section discusses procedure for the Division 1
DG (DG 1A) only. Paralleling operations for the Division 2
& 3 DGs are similar.

CAUTION: Only one Diesel Generator is to be paralleled
with offsite power at any one time, and then only for, 1)
approved testing; 2) response to HIGH VOLTAGE on safety
related 4160V busses; or 3) returning a bus to off-site power
following recovery from the loss of both the Main and
Reserve supplies. The time a DG is paralleled with off site
power should be minimized to ensure the DG is available for
emergencies.

Starting of DGs is allowed with lube oil temperature as low
as 85°F, without damage occurring to the engine. However,
the generator should not be loaded with a lube oil
temperature less than 110°F.

a. Start DG 1A and make it ready for loading.

b. Lineup off-site power to safety related 4160V Buses as
follows:

1) IF It is desired to parallel the DG with RAT ‘B’,
THEN transfer/verify 4160V Bus 1A1 to/on RAT
‘B’.

2) IF the diesel generator is going to be paralleled with
RAT ‘B’ AND switchyard breaker 4502 or 4522 is
open, THEN turn OFF the auto recloser for the other
breaker (i.e., 4522 or 4502).

3) IF it is undesirable to parallel the DG with RAT ‘B’,
THEN transfer/verify 4160V Bus 1A1 to/on the
ERAT.

[.1.11.11]
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CAUTION: IfRAT ‘B’ is not available, the Diesel
Generators should not be paralleled with the ERAT,
since turning off the reclosing relays reduces the

reliability of the 138 KV source, precisely when it is
needed the most. Under these conditions a fault

could result in the loss of the 138 KV source as well
as any safety related busses supplied by that source.

4) Inform the Electrical Supply Supervisor that the
reclosing relays for breaker 1372, at the South
Bloomington Substation, and breaker 1372, at
Clinton Route 54 Substation, shall be turned off.

c. Place DG 1A Output BKR SYNC switch to ON position.

d. Adjust DG 1A Incoming voltage with DG 1A Generator
Voltage Regulator control switch so that Incoming
voltage is matched with Running voltage.

e. Adjust DG 1A speed with DG 1A Governor control
switch such that DG frequency is slightly greater than
bus frequency as indicated by the following:

1) CLOCKWISE rotation of the synchroscope at a
speed of approximately one revolution every 60-120
sec (i.e., ¥2— 1 RPM) or slower.

2) Both synchroscope lights are extinguished at the 12
o’clock position.

3) Both synchroscope lights are brightly [it at the 6
o’clock position.

f.  WHEN the synchroscope's pointer nears the vertical (12
o'clock) position, and the synchronizing lamps go dark
then:

1) Close DG 1A Output Bkr.
2) Promptly load DG 1A to at least 100 - 200 KW.

3) Verify VARs between -500 and +500 KVAR and
adjust as necessary.

g. Gradually load DG 1A at a rate of approximately 1000
KW per minute to the desired load with DG 1A
Governor control switch.
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h. Maintain VARs within the limits of the DG 1A

REACTIVE LOAD CAPABILITY CURVE using the
DG 1A Voltage Regulator control switch.

CAUTION: To ensure operability and to prevent
overloading of the Emergency Diesel Generators, the
Continuous Load Rating of 3869 KW should not be
exceeded, except as directed by approved surveillance
tests.

G. DC Control Power Operations

1. DCFAILURE 4.16 KV BUS 1A (1B)) - ARP 5012-1C

a.

Refer to CPS 4201.01 (Loss of DC Power) to determine
possible causes and impact of a loss of DC power.

Check control power supplies for Bus 1A and 1B (see
table below):

Bus 1A ‘Bus 1B

Main Power DCMCC 1E DCMCC 1F
Supply Ckt #1 Ckt #1
Srain POWer | Cubjcle Cubicle

" PPy Fuse 1APO6EH 1APOSEC
(100 amp fuse)
Undervoltage
Relay Power Cubicle Cubicle
Supply Fuse IAPO6EK 1APOSEJ
(6 amp fuse)

Transfer Service Air Compressors to a bus that has
control power to it prior to swapping control power
supplies to a bus.

At the 4160V Bus, remove the 100 amp DC fuse holder
with fuses from the Main {Reserve} box and insert them
in the Reserve {Main} box.

1) This breaker activity requires a review of CPS
1014.11, 6900/4160/480V Switchgear/Circuit
Breaker Operability Program requirements.

[.1.11.12]
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e. DC Control Power to the bus can be verified in the MCR
by checking breaker indications for the bus and verifying
that the DC FAILURE 4160V BUS annunciator is clear
for the affected bus.

2. DCFAILURE 6.9 KV BUS 1A (1B)) — ARP 5011-1E

a. Referto CPS 4201.01 (Loss of DC Power) to determine
possible causes and impact of a loss of DC power.

b. If alarm is due to loss of DC control power, attempt to
restore DC control power to the 6900V bus using either:

1) Crosstie DC MCC 1E/1F per CPS No. 3503.01,
BATTERY AND DC DISTRIBUTION (DC), Cross-
Connecting Distribution Panels 1E and 1F section,
OR

2) Transfer 125VDC Main Supply fuses to Reserve
Supply source per CPS No. 3501.01:

a) Transfer Circulating Water Pumps to a bus that
has control power to it prior to swapping control
power supplies to a bus.

b) Atthe 6900V Bus, remove the 100 amp DC fuse
holder with fuses from the Main {Reserve} box
and insert them in the Reserve {Main} box.

(1) This breaker activity requires a review of
CPS 1014.11, 6900/4160/480V
Switchgear/Circuit Breaker Operability
Program requirements.

(2) DC Control Power to the bus can be verified
in the MCR by checking breaker indications
for the bus and verifying that the DC
FAILURE 6900 BUS annunciator is clear for
the affected bus.

3. Notes, cautions & warnings when swapping DC control
power fuses (common to 4.16 & 6.9KV buses):

e All breakers which lose status light indication also lose
trip power and can only be tripped manually.

[1.11.12]
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e On a loss of control power to a Class 1E Bus,
transferring control power fuses may not provide power
to the bus for control power since the reserve supply is
fed from the same 125VDC MCC as the main supply.

e Transferring of 125VDC for bus control power from
Main {Reserve} to Reserve {Main} on a 4160V Bus
with a Service Air Compressor running will cause the
compressor breaker to trip open upon re-inserting the
control power fuses.

e Do not swap bus control power fuses on a 6900V Bus
with a Circulating Water Pump running. Removal of bus
control power fuses may result in personnel injury and
damage to the motor due to excessive overcurrent (motor
is normally synchronous operation).

H. Backfeed Using MPTs and UATs (CPS 3501.01 Section 8.2.1
and 3501.01 C001)

1. Establishing Backfeed Using MPTs & UATs [-1.11.13]
NOTES:

e Portions of this evolution will be performed by qualified
electrical technicians.

e Whenever possible, minimize the time interval between
taking the plant off-line and initiating the MPT Backfeed
since residual magnetic flux present in the MPT's will
serve to lower the in-rush current during the backfeed
energization.

a. Coordinate with AMEREN/TSO to verify 345 KV
Switchyard/Grid are stable and capable of supporting a
split bus alignment [i.e., North & South busses separated
via either GCB 4518 (preferred), 4522 or 4502 being
open.] This will allow the MPT backfeed to be initiated
from one bus while the other bus continues to feed the
RATS, thereby isolating the RATs from the backfeed
harmonics as much as practical. Grid and weather
conditions shall be considered since this will reduce the
sources feeding the RATs and introduce other risk
factors. Note that operation of the Switchyard 345KV
breakers are controlled via Switching Orders.

IF AMEREN/TSO determines that separating the
switchyard busses is impractical or deemed insufficient
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THEN Coordinate with AMEREN/TSO to verify 345
KV Switchyard/Grid are stable and capable of supporting
the SVCs out-of-service and then remove the RAT and
ERAT SVCs from service and enter the applicable
LCOs. :

b. Per CPS 3505.01, 345 & 138KV Switchyard (SY), open
applicable GCB 4518 (preferred), 4522 or 4502. (Only
applicable if the switchyard/grid is stable and capable of
supporting a split bus configuration).

c. As necessary, transfer 4160V safety busses (1A1 & 1B1)
to either RAT ‘B’ or the ERAT depending on AMEREN/
TSO Grid Evaluation/Recommendations.

d. Ensure 4160V safety bus 1C1 is aligned to RAT ‘B’.

e. Prepare, approve and install a Tracking Purposes
Temporary Configuration Change (TCC) to disable
reverse power relays (this allows backfeed through the
MPTs & UATS).

f. Shutdown the Isolated Phase Bus Duct Cooling System. .

g. Install safety grounds in the PT Cubicle (Turbine
Building 767°) for all three Main Generator phases (A,
B, & C) and the lines between 4508 & the MPTs in the
Switchyard.

h. Remove the Generator to Isolated Phase Bus Duct Links
(Phase A, B, and C).

i. Remove the safety grounds in the PT Cubicle (Turbine
Building 767°) for all three Main Generator phases (A,
B, & C) and the lines between 4508 & the MPTs in the
Switchyard.

J- IF Required per SMngt, THEN start Isolated Phase Bus
Duct Cooling System.

k. Verify MPT cooling in service.

. Reset/verify reset generator lockout relays. IF the relays
are found to be tripped THEN with SMngt concurrence,
reset the relays.
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Verify power to the MPT and UAT protective relaying
by verifying key annunciators are reset.

Hang Information Tag on MCR switches GCB 4506 &
4510 stating that the Generator Backfeed lineup is in
effect.

Open/verify open GCB 4510 and GCB 4506.
Close Motor Operated Disconnect 4508.

Close applicable GCBs 4510 and/or 4506 using local
control from the Relay House. Align MCR switches to
‘After/Close’ to reflect breaker status. Note that GCB
4510 is the preferred first tie-in when GCB 4518 or 4522
is open and GCB 4506 is the preferred first tie-in when
GCB 4502 is open.

As desired, transfer power supplies to 4160V and 6900V
Buses 1A and 1B from their Reserve Source’s (RATs) to
their Main Source (UATS).

As necessary, transfer 4160V safety busses (1A1, 1B1 &
1C1) to either RAT ‘B’ or the ERAT depending on
AMEREN/ TSO Grid Evaluation/Recommendations.

As necessary, restore RAT and ERAT SVCs to service.

Evaluate operability of offsite sources per ITS and exit
LCOs if possible.

2. Restoring From Backfeed

a.

Transfer power supplies to 4160V and 6900V Buses 1A
and 1B from their Main Source (UATS) to their Reserve
Sources (RATSs).

Open/verify open GCB 4510, GCB 4506, and Motor
Operated Disconnect 4508 from the MCR.

Shutdown/verify shutdown the Isolated Phase Bus Duct
Cooling System.

Re-enable the reverse power relays which were
previously disabled to support backfeed.

Install safety grounds in the PT Cubicle (Turbine
Building 767°) for all three Main Generator phases (A,

[.1.11.13]
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B, & C) and the lines between 4508 & the MPTs in the
Switchyard.

f. Re-Install the Generator to Isolated Phase Bus Duct
Links (Phase A, B, and C).

g. Remove the safety grounds in the PT Cubicle (Turbine
Building 767”) for all three Main Generator phases (A,
B, & C) and the lines between 4508 & the MPTs in the
Switchyard.

h. Restore the 345KV Switchyard to the shutdown normal
configuration (without Generator Backfeed).

i. Align the 4160V Safety Busses 1A1, 1B1, and 1C1 as
appropriate for shutdown plant conditions.
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X. Operating Experience (OPEX)

Optional Student Exercise #1

See Attachment M. Given CPS operating experience associated with
PT fuse removal causing a de-energizing of 4160 Volt Bus 1A1,

describe the lessons learned to prevent similar occurrences in =
accordance with the training materials and applicable procedures. Try
to come up with at least one HU tool, performance, or behavior that 2.
could have prevented the event.
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Optional Student Exercise #2

See Attachments N, N.1 & N.2. Given operating experience from the 1.
H.B. Robinson event associated with electrical equipment failures and
inappropriate operator actions, describe the lessons learned to prevent
similar occurrences in accordance with the training materials and .
applicable procedures. Include the following:

e A review of common deficiencies identified in SOER 10-02
(Engaged, Thinking Organizations) which tie in to the H. B. 2
Robinson event. )

e Come up with at least two HU tool, performance, or behavior
fundamentals that could have greatly minimized the severity of the 3.

* first electrical fault event then come up with two other
fundamentals that could have prevented the second electrical fault
event. L]

e What defenses do we have in place here at CPS to help prevent a
similar occurrence related to the Auxiliary Power System?
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Content/Skills Activities/Notes

Optional Student Exercise #3

NRC IN 2012-03 - DESIGN VULNERABILITY IN
ELECTRIC POWER SYSTEM (BYRON EVENT)

* Read OPEX in Attacilment 0.

= Be ready to discuss auxiliary power protection scheme
vulnerability which was discovered during and
following the event.

* How does our CPS degraded / loss of voltage protection
scheme compare?

* What MCR actions are currently in place at CPS to help
compensate for this vulnerability?

Optional Student Exercise #4

CPS LER 2012-001-00 LOSS OF SECONDARY .
CONTAINMENT DIFFERENTIAL PRESSURE DUE TO .
TRANSFORMER TRIP '

=  Read OPEX in Attachment P.1.

* Beready to discuss the auxiliary power protection
scheme latent design error which was discovered during
and following the event. .

* Interms of potential plant impact, what is the difference
between a slow (vice fast) transfer of divisional power
to its reserve source? "

Optional Student Exercise #5

CPS LER 2013-008-00 FAILURE OF DIV 1
TRANSFORMER LEADS TO ISOLATION OF
INSTRUMENT AIR TO CONTAINMENT AND
MANUAL REACTOR SCRAM

= Read OPEX in Attachment P.2.

» Discuss the immediate impact of trip of the 4160V 1A1
breaker to include substations lost and associated loads.

* Discuss operator actions which were required to help
ensure a safe (and uncomplicated) plant shutdown.

»  What means were used to ensure all control rods fully
inserted?
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Content/Skills

Activities/Notes

Optional Student Exercise #6

Browns Ferry Unit 2 - ICES #311418 — (HU Event)
Inadvertent Trip of Condensate Booster Pump

Read OPEX in Attachment P.3.
What human performance (HU) errors were made?

What were contributing factors to the event (emphasize -

flawed HU performance)?

Discuss the immediate impact of the trip of the 2B
Condensate Booster Pump.

What are the lessons learned?

Optional Student Exercise #7

CPS LER 2017-002-00 FAILURE OF DIV 1 DG VENT
FAN LOAD SEQUENCE RELAY CIRCUIT DURING
CONCURRENT MAINTENANCE OF RHR DIV 2
RESULTS IN UNANALYZED CONDITION

Read OPEX in Attachment P.4.

What human performance (HU) techniques would have
prevented or mitigated the event?

What were the potential consequences of operating the
plant in this condition?

What are the lessons learned?
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Content/Skills

Activities/Notes

XI.

Conclusion/Lesson Summary

Major Flow Paths

From this presentation you should be able to recall the overall
configuration of the Auxiliary Power System from the various
offsite sources down to the 480VDistribution Systems.

1.

You should be able to trace the flow of power from the
onsite generators and offsite source transformers through the
Non-segregated Bus Ducting to each of the Class 1E and
Non-Class 1E Buses.

The ability to describe the flow paths including configuration
of the various 480Vdistribution systems.

Controls, Interlocks and Operations

1.

Knowledge needed to support in plant training on the
Auxiliary Power System Transformers and associated
cooling systems was addressed in this lesson. This included
the indications, controls and operation of the transformer
equipment.

The lesson detailed the “S” and “F” protection logic for the
source transformers and Non-segregated Buses. You should
be able to recall the types of trip signals provided, linkage
through the Kirk Key Disconnects and the automatic actions
that result from actuation of the protective circuits.

From the knowledge gained in this lesson and applicable
procedures you should be able to monitor automatic actions
in the Auxiliary Power System and perform the manual
transfer of power sources for each of the 6.9 KV, 4.16 KV,
and 480V Buses. These operations include the de-
energization and restoration of each bus.

The physical locations of the major components, controls
and indication needed to perform Auxiliary Power System
operations were included.
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Content/Skills

Activities/Notes

C. Emergency Operations

1.

From the lesson you should be able to recall the design base
and Auxiliary Power System response to the loss of offsite
power, loss of selected onsite sources and loss of coolant
accident events.

Knowledge of emergency events includes DG electrical
operations and operation of shunt trips. This included
knowledge of the DG automatic actions for undervoltage
conditions and response when these conditions occur in
conjunction with ECCS initiation signals.

D. Technical Specifications

1.

From the review of Technical Specification you should be
able to describe what equipment makes up an electrical
distribution system and what portions of the distribution
systems are required for various plant operations.

Given the references you should be able to apply the
Technical Specification requirements to determine the
specified actions for various Limiting Conditions of
Operation and the associated time limits.

E.  Operating Procedures

1.

From a review of plant procedures related to the Auxiliary
Power system you should be able to recall the major steps of
the procedures and associated precautions. For the
precautions you should be able to explain and apply the
bases for each.

This knowledge should directly support your ability to
complete the in-plant training on the Auxiliary Power
System.
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ATTACHMENTS & FIGURES

Attachments

Attachment A:  Annunciators: Panel 1H13-P870, Section 5010 (SY)
Attachment B:  Annunciators: Panel 1H13-P870, Section 5011 (6.9 KV)
Attachment C:  Annunciators: Panel 1H13-P870, Section 5012 (4.16 KV)
Attachment D:  Annunciators: Panel 1H13-P877, Section 5060 (Div 1)
Attachment E:  Annunciators: Panel 1H13-P877, Section 5061 (Div 2)
Attachment F:  Annunciators: Panel 1H13-P601, Section 5062 (Div 3)
Attachment G:  Annunciators: Panel 1H13-P8680, Section 5007/8 (4.16 KV Div Voltage Alarms)
Attachment H:  Divisional Color Codes

Attachment I:  Kirk Key Interlocks

Attachment J:  Electrical Panel Instrument Summary

Attachment K:  Auxiliary Power Breaker Codes

Attachment L:  Unit 480V Substation Locations

Attachment M: OPEX — OPS-98-12

Attachment N:  OPEX — SER 3-10

Attachment N.1: OPEX — SER 3-10 Supplemental Attachment
Attachment N.2: OPEX — SER 3-10 Supplemental Attachment
OPEX — NRC IN 2012-03 Design Vulnerability in Electric Power System (Byron)

Attachment O:

Attachment P.1:
Attachment P.2:

Attachment P.3:
Attachment P.4:

Leads to Manual Reactor Scram

OPEX — CPS LER 2012-001-00 Loss of Secondary Containment (Transformer Trip)
OPEX — CPS LER 2013-0080-00 (ICES # #308766) — Failure of Div 1 Transformer

OPEX - ICES #311418 — (HU Event) Inadvertent Trip of Condensate Booster Pump
OPEX — CPS LER 2017-002-01 Failure of Division 1 Diesel Generator Ventilation Fan

Load Sequence Relay Circuit During Concurrent Maintenance of RHR Division 2

Results in an Unanalyzed Condition

Attachment Q: IR 1465692 — ERAT SEVERON Service Light On
Attachment R:  OPEX - CPS LER 2017-010-00: Division 1 Transformer Failure Leads to Instrument
Air Isolation to Containment Requiring a Manual Reactor Scram
Figures
_ Figure# | o _ Description
1 Offsite Sources
2 Auxiliary Power System
3 12 KV Switchyard
4 6.9 KV System
5 4.16 KV System ( Non-safety Related)
6 4.16 KV System (Safety Related)
7 4.16 KV Bus 1A1 UV Sensors & DG UV Start Logic
8 4.16 KV Bus 1C1 UV Sensors & DG UV Start Logic
9 Typical Aux Power 4.16 & 6.9 KV Breaker Control Power Design
10 Potential Transformer (PT) Cubicle Internals (Example)
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Attachment A (Page 1 of 8)
List of Significant Annunciators
Panel 1H13-P870 Section 5010 Switchyard

Automatic

Window Window - Actuating
Setpoint Action

Name Nomenclature Device

STATUS ALARM

5010-3A | DCFAILURE 20 amp Power Fuse Blown
ONLY

RES Supply Fuses

AUX TRANSF FU1,FU4
A (B)[C] e Automatic RAT

PROT SYS S 12 VDC Power Tripped ground fault trips
Supply and fault pressure

IDCI6E trips are supplied
Ckt#21 by this system.

Loss of DC power 1PL90JA:
relay SYS S De-energized
74S-RT1(A)[C]
{RAT B(A)IC]}

Phase Overcurrent
Relay with
Breaker Failure
RAT A[C]
150/151/150
BFS-RTA[C]

Neutral Overcurrent
Ground Fault
Relay RAT A[C]
151N/551N
RTA[C]
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Panel 1H13-P870 Section 5010 Switchyard

Attachment A (Page 2 of 8)
List of Significant Annunciators

Window Window Actuating Automatic
Name Nomenclature Device Setpoint Action
5010-3B | DC FAILURE 20 amp Power Fuse Blown STATUS ALARM
RES Supply Fuses ONLY
AUX TRANSF FU3,FU6
A (B)[C] Automatic fault
PROT SYS F 12 VDC Power Tripped protection for the
Supply RAT and Buses
IDCI6E IRT4, IRTC14,
Ckt #21 1RTC4, IRTC4 &
IRT6 are supplied
Loss of DC power 1PL90JA3 by this system.
relay SYS F De-energized
74F-RT1(A)[C]
{RAT B(A)IC]}
Current Differential
Protection relay
6.9KV 1A/1B
(4.16 KV 1B)
87/150
BFS-RTA[C]
5010-3E | DC FAILURE 20 Amp Power FUSE BLOWN STATUS ALARM
ERAT Supply Fuses ONLY
PROT SYS S FU2FU4
Loss of all
125V DC Power TRIPPED automatic RAT
Supply Ground Fault trips
IDCI17E Ckt #23 and Fault Pressure
trips are disabled
5010-3F | DC FAILURE 10 Amp Power FUSE BLOWN STATUS ALARM
ERAT Supply Fuses ONLY
PROT SYS F FU1FU3 .
All automatic fault
125V DC Power TRIPPED protection for the
Supply ERAT and Bus
1DC17E Ckt #23 1ET4 are disabled.
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Attachment A (Page 3 of 8)

List of Significant Annunciators
Panel 1H13-P870 Section 5010 Switchyard

Window Window Actuating Automatic
Name Nomenclature Device Setpoint Action
5010-4A LOCK-OUT 86S-RT1 ENERGIZED .
R RAT-1 Circuit
TRIP RES (RAT *B") Switcher, 4538
AUX TRANSF at IPL90J lockout trip
PROT $YS § Bus ockout
us lockout on
(gﬁ;f\) 1RT4, IRTS6,
at IPL90JA IRTC4, or any
other RT or ET bus
being supplied by
(f:fiTR]éc RAT A(B)[C].
at lPL90)JA RAT°B’ SVC Trip
(refer to 5011-7E).
5010-4B LOCK-OUT 86F-RT1 ENERGIZED .
RAT-1 Circuit
TRIP RES (RAT ‘B’ .
AUX TRANSF at IPL90J owitcher, 4338
AB)IC] P
PROT SYS F Bus lockout on
1RT4, 1RTé6,
86F-RTA IRTCA, or any
(RAT °A) other RT or ET bus
at 1IPLO0JA being supplied by
RAT A(B)[C].
RAT ‘B’ SVC Trip
86F-RTC (refer to 5011-7E).
(RAT ‘C*)
- at IPL90JA
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Attachment A (Page 4 of 8)
List of Significant Annunciators
Panel 1H13-P870 Section 5010 Switchyard

Window Window Actuating ] Automatic
Name Nomenclature Device Setpoint Action
5010-4E ERAT 86S-ET ENERGIZED

o ERAT Circuit
Switcher, BO18
lockout trip.

LOCK-OUT
TRIP
PROT SYS S

e Bus lockout on
1ET4 or any other
ET or RT bus
being supplied by
the ERAT.

e ERAT SVC Trip
(refer to 5011-8E).

5010-4F ERAT 86F-ET ENERGIZED

LOCK-OUT
TRIP

PROT SYSF

e ERAT Circuit
Switcher, B018
lockout trip.

¢ Bus lockout on
1ET4 or any
other ET or RT bus
being supplied by
the ERAT.

e ERAT SVC Trip
(refer to 5011-8E).

e Auto deluge
system initiates for
the ERAT.
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Attachment A (Page 5 of 8)
List of Significant Annunciators
Panel 1H13-P870 Section 5010 Switchyard

Pressure Relay

63SP [0PY-AP072]

ERAT: Fault Press 3-3.25 psi
Relay

63FP [0PY-AP073]

ERAT: Fault Press Energized

Trip/LO Relay

[Fed from 63FP/0PY-
AP073] 86FP-ET

Window Window Actuating Automatic
Name Nomenclature Device Setpoint Action
SUDDEN Fault Pressure Tri 4 psi
5010-5A | PRESSURE | and Lockout Rela}; (12 twice wip | * 0900V Bus 1A and
cns . 1B reserve breaker
RES (RAT ‘A”) logic) lockout
AUX TRANSF )
A(B)[C] SP-1, SP-2 o 4160V Bus 1A1,
63X-1, 63X-2 1B1 and 1C1 main
| breaker lockout.
Fault Pressure Trip 4 psi
and Lockout Relay (2/2 trip logic) * 4160V Bus 1A and
(RAT ‘B’, RAT ‘C") 1B reserve breaker
lockout.
63X-1, e RAT-1 Circuit
63X-2 Switcher, 4538
trip.
e Auto deluge
system initiates
(RAT ‘B’ only).
5010-5F SUDDEN Tap Chgr: Press Relay 6.5 psi Auto actions only via
PRESSURE/ Fault Press
FAULT 63B [OPY-AP074] Trip/LO Relay
PRESSURE 86FP-ET:
ERAT ERAT: Sudden > 5.5 psi/sec

e 4160V Bus 1A1,
1B1 and 1C1
reserve breaker
lockout.

o Lockoutof ET or
RT buses
connected to the
ERAT.

e ERAT Circuit
Switcher, B018
trip.

e ERAT auto deluge
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Attachment A (Page 6 of 8)
List of Significant Annunciators

Panel 1H13-P870 Section 5010 Switchyard

Window Window Actuating Automatic
Name | Nomenclature Device Setpoint Action
5010-6A TROUBLE RAT ‘A’ Devices STATUS
RES AUX 27-1 (Loss of Main Supply) ALARM ONLY
TRANSF 27-2 (Loss of Fan Control-1)
A(B)[C] 27-3 (Loss of Fan Control-2)

RAT ‘B’ & ‘C’ Devices
27-1 (Loss of Main Supply)
27-2 (Loss of Fan Control)

RAT “A’ Device
63PR-1 (Main Tank Pressure Relief)

RAT ‘B’ & ‘C’ Devices
63PR-2 (Tank Pressure Relief)
63GD (Gas Detector)

RAT ‘A’ Device
71Q-1 (Main Tank Low Oil Level)

RAT ‘B’ & ‘C’ Device
71Q-1 (Conservator Low Oil Level)

RAT ‘A’ Device
90HV (High Voltage) - Disabled

RAT ‘B’ & ‘C’ Device
90T (High Voltage) — Disabled

RAT “A’ Device
96C
(Gas Monitor Alarm-1, Gas Monitor Alarm-2, Gas
Monitor Failure)

RAT ‘B’ & ‘C’ Device
. 63GM
(Gas Monitor Alarm-1, Gas Monitor Alarm-2, Gas
' Monitor Failure)

RAT ‘A’ Device
83 (Loss of Normal Supply)
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Attachment A (Page 7 of 8)
List of Significant Annunciators
Panel 1H13-P870 Section 5010 Switchyard

Window Window Actuating Automatic
Name | Nomenclature Device Setpoint Action
5010-6F | TROUBLE Back-Up Relay
ERAT [ERAT Voltage Energized STATUS ALARM
Regulator trans to ONLY
Back Up Voltage
Regulator M-0329A]
Intertaire System High: 8.5 psi .
Pressure Switches Low: 0.25 psi Inertaire Gauge #7
Empty N2 Cyl: 200 Gauge #7
pst Gauge #1
Loss of Norm Supply
[ERAT 480V supply Energized STATUS ALARM
from 0AP169E ONLY
(138KV Source)
transferred to
Emergency Backup
12KV Source]
Loss of Voltage 1 minute time delay
[TDDO Agastats] for each Agastat
27-1: Cool Grp #1 STATUS ALARM
fans ONLY
(5 total)
27-2: Cool Grp #2
fans
(4 total)
27-3: Cool Sys Cont
Ckts
27-4: Backup Volt
Reg ‘59’
Low Oil Level Low Liquid Level
(Xfrm & LTC)
Mechanical Relief Flow in line to oil
Device retention pit STATUS ALARM
ONLY
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Attachment A (Page 8 of 8)
List of Significant Annunciators
Panel 1H13-P870 Section 5010 Switchyard

Window Window Actuating Automatic
Name Nomenclature Device Setpoint Action
5010-7a | HIGHTEMP Oil Temperature STATUS
RES AUX . .
Indicating Switch ALARM
TRANSF 900C (RAT A) ONLY
AB)[C] 26Q-1 (RAT ’A’)

80°C (RATs B & C)
26Q (RAT ‘B’, ‘C?)

Transfer Winding

Temperature
Indicating 105°C (RAT A)

Switches
95°C (RATsB & C)

49T1 (RAT ‘A’)

49A (RAT ‘B’, °C’)

HIGH TEMP Hotspot [Winding]
5010-7F P & 0
ERAT Thermometer 105°C

49-3[0TIS-AP070]

Winding Temperature

Hot Oil Temp — .
. Transformer 90°C

26Q-1]0TIS-AP063]

Liquid Temperature

Hot Oil Temp - Tap
Changer

26Q-2[0TIS-AP064]

90°C LTC Temperature

5010-8A LTISAYEEEI‘SEG * LTC Volt Reg. Failure STATUS ALARM
AUX TRANSF | ® LTC Volt Reg. Backup Alarm ONLY
A, (B), [C] e LTC Tank Pressure Relief (RAT ‘A”)
o LTC Pressure Relief (RAT ‘B’ & ‘C?)
e LTC Tank Low Oil Level (RAT ‘A”)
e LTC Low Oil Level (RAT ‘B’ & ‘C°)

e LTC Vacuum Bottle Failure (RAT ‘B’ & ‘C’)
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Attachment B (Page 1 of 4)
List of Significant Annunciators
Panel 1H13-P870 Section 5011 6900 v Distribution

Window Window Actuating Automatic
Name Nomenclature Device Setpoint Action
5011-1C | AUTO TRIP 6.9 KV BUS Handswitch If Bus Fault:
BREAKER 1A (1B) MAIN | in CLOSE )
BRKR TRIP | with breaker | ® Assoc 480V Xfrm & Main Feeder
OPEN Bkrs Open.
e Assoc 480V X-Tie Bkr Close.
If Main Generator Trip:
e 6.9KV Bus 1A (1B) Reserve
Breakers close.
6.912\(/1?3 If the alarm is not caused by closing
the 6.9 KV Bus 1A (1B) Main
RSR\TI‘]&I};RKR Breaker:
e Assoc 480V Xfrm & Main Feeder
Bkrs Open.
e Assoc 480V X-Tie Bkr Close.
TRALIL\%)I*YRMR e Auto trip of any associated
BRKR TRIP remotely controlled 480V breakers.
g%%\él}dgp e 480V tie breaker closes (Non-Fault
trip only)
4?;{5‘3?;; E e STATUS ALARM ONLY
SOLI-1E D6% &;2%%? %ﬁil;{/l e Breakers that lose status light
' 74-51A. B indication, also lose trip power and
’ can only be tripped manually.
SO11-1F | UNDERVOLT | 527%2 31A/B * Assoc 480V Xirm & Main Feeder
AGE Bkrs Open.
6900V BUS e Assoc 480V X-Tie Bkr Close.
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Attachment B (Page 2 of 4)
List of Significant Annunciators
Panel 1H13-P870 Section 5011 6900 v Distribution

Window Window Actuating Automatic
Name | Nomenclature Device Setpoint Action -
AUTO XFER BREAKER Bkr Closed | ® 6-9 KV Bus 1A(1B) Mn Bkr trip.
5011-2C 6900V BUS CONTACT & HS in e 6.9 KV Bus 1A(1B) Rsve Bkr
RES FEED 552-521A&B closes.
Auto After
BKR Tri
524 1P
XFER 6900V Bus 1A, 1B Reserve Breaker
'BLOCKED IRIP AND LOCKED OUT.
5011-2D | 6900VBUS | “ooroUT
RELAY e Assoc 480V Xfrm & Main Feeder
' Bkrs Open
586-501A&B
e Assoc 480V X-Tie Bkr Close
AUTO TRIp | BREAKER
430V BUS ALARM STATUS ALARM ONLY
"1 5011-3D | FEEDER BKR RELAY (Note that resetting (pushing in) the
452 white popout button on affected Unit
r Sub breaker, which tripped on
overcurrent, will clear the annunc.).
ALARM .
5011-3E DC FAILURE RELAY Bre.ake‘rs that lose statgs light
indication, also lose trip power and can
480V BUS X
74 only be tripped manually.
N UNDSIKCVOLT UVRELAY
AGE 427X1 STATUS ALARM ONLY
480V BUS
so11-3G | HIGHTEMP 1 yiapinG . STATUS ALARM ONLY
480V AUX TEMP 200°C
TRANSFORMER
AUTO CLOSE Bkr Closed STATUS ALARM ONLY
Bkr Closed & .
480V BUS : & HSin | Non-Fault Trip of the associated 480V
HS in Auto
5011-4D TIE BKR Auto After Bus Main Breaker
After Open
Open
STATUS ALARM ONLY
AUTO CLS TRIP AND
BLOCKED LOCKOUT Overcurrent trip of the associated
5011-4E 480V BUS
RELAY 480V Transformer Breaker
TIE BKR
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Attachment B (Page 3 of 4)

List of Significant Annunciators
Panel 1H13-P870 Section 5011 6900 v Distribution

Window Window Actuating Automatic
Name Nomenclature Device Setpoint Action
5011-5C SUDDEN : P?{%]:S)?I]JEII{\IE Main Generator Trip and Lockout
S011.5D PRESS RELAY 2/2 logic Transfer of both 6.9 & 4.16KV
) both Buses 1A & 1B to the RAT for
UAT 1A Manholi and either transformer trip. '
T
UAT 1B 63X-ATIA o UAT 1A(IB) Auto Deluge.
63X-ATIB
LOCK-OUT TRIP AND 4160V Bus 1A1, 1B1 and IC1
TRIP LOCK-OUT Main Breaker Lock-Out Trlp
5011-5E BUS 1RT4 RELAY
PROT SYS S 2865-B1 4160V Bus 1A Reserve Breaker
i Lock-Out Trip.
LO(%;SUT E&I:il%\{% 6900V Bus 1A and 1B Reserve
501 1_5F BUS 1RT6 RELAY Breaker LOCk-Out Trlp
PROT SYS S
586S-B1
-OUT
LO?FI;P Jgg;{?g{% 4160V Bus 1A1, 1B1 and 1C1
5011-5G | BUS 1ET4 RELAY Reserve Breaker Lock-Out Trip
PROT SYS S
286S-BE
OIL LEVEL
GAGE Low
5011-6C TROUBLE
UV ALARM STATUS ALARM ONLY
RELAY
UAT 1A
5011-6D PRESSURE ,
UAT 1B RELIEF 10psig
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Attachment B (Page 4 of 4)
List of Significant Annunciators
Panel 1H13-P870 Section 5011 6900 v Distribution

Window Window Actuating Automatic
Name Nomenclature Device Setpoint
4.16 KV Bus 1A1, 1B1 and 1C1
LOCK-OUT TRIP AND Main Breaker Lock-Out Trip.
1 5011-6E TRIP LOCK-OUT
BUS 1RT4 RELAY 4.16 KV Bus 1A Reserve Breaker
PROT SYSF Lock-Out Trip.
286F-B1
Auto deluge initiates on RAT due
to 86F-RT1 device (5010-4B).
6.9 KV Bus 1A and 1B Reserve
LOCK-OUT TRIP AND Breaker Lock-Out Trip.
5011-6F TRIP LOCK-OUT :
BUS IRT6 RELAY Auto deluge initiates on RAT due
PROT SYS F to 86F-RT1 device (5010-4B).
586F-B1
4160V Bus 1A1, 1B1 and I1C1
LOCK-OUT E&IZI;(AONI?T Reserve Breaker Lock-Out Trip.
TRIP REL:AY .
5011-6G
BUS 1ET4 Auto deluge initiates on ERAT due to
PROT SYSF 86F-ET device (5010-4F).
286F-BE
HIGH TEMP WINDING TEMP
: IND 105°C
5011-7C
UAT 1A 1TS-AP006A, B, & C
HIGH TEMP | L>-AP009A, B, & C STATUS ALARM ONLY
5011-7D UAT 1B OIL TEMP IND
1TS-AP005 90°C
1TS-AP0O08 :
5011-8C HIGH-HIGH | WINDING TEMP STATUS ALARM ONLY
TEMP IND 120°C
5011-8D UAT 1A ITS-APO0GA, B, & C If unable to correct:
UAT 1B | ITS-APO09A.B, & C MANUAL transfer 6.9 KV &/or 4.16
KV Bus 1A (1B) to their respective
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Attachment C (Page 1 of 2)

List of Significant Annunciators
Panel 1H13-P870 Section 5012 4160 v Distribution

Window Window Actuating Setpoint Automatic
Name | Nomenclature Device Action
If Bus Fault
e Associated 480V transformer
Auto Trin 4160V MAIN breakers trip on undervoltage .
BIL{CIO(R rlli 1]630 If Main Generator Trip
_ (IB) e 4160V Bus 1A (1B) Reserve
breaker auto closes.
If the alarm is not caused by closing
4160V Bus 1A (1B) main breaker:
Auto Trib 4160V RSRV o ﬁxssc;(ciatetd- 480V tt;?nsfolrtmer
BRKR 1A (1B) reakers trip on undervoltage.
Auto Trip 480V
TRANSFORMER
BREAKER
Auto Trip 480V MAIN
5012-1A AUTO TRIP . 48]35%?11;5& G, H
BREAKER LILKLQ,orR
o 480VI& Qor480V
J & R Xfrm Bkrs
Auto Trip 480V TIE
BREAKER: STATUS ALARM ONLY
Bus Q&R :
Alarm Rel STATUS ALARM ONLY
5012-1C DC arm Relay All breakers that lose status light
FAILURE 7491A & B indication also 1(:.)56 trip power and
' can only be tripped manually.
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Attachment C (Page 2 of 2)
List of Significant Annunciators

Panel 1H13-P870 Section 5012 4160 v Distribution

Window Window Actuating Automatic
Name  Nomenclature Device Action
Undervoltage trip of all 480V
Undervoltage Rel
AC UNDER- ndervotiage Belay transformer breakers that are fed
5012-1D | VOLTAGE 297X3-21A & B from the 4160V Bus 1A (IB).
4160V BUS
AUTO XFER Trip Rel 4160V Bus 1A and/or 1B main
Ip Relay feeder breakers trip.
4160V
5012-2A
RES FEED 286-221A & B 4160V Bus 1A and/or 1B
BKR reserve feeder breakers close.
4160V bus reserve breaker
XFER .
Trip Relay locked out.
BLOCKED i .
5012-2B 4160V BUS Undervoltage trip of associated
286-201A & B 480V transformer breakers.
Auto trip of associated 480V
main breakers.
Auto closing of 480V bus tie
breaker. :
AUTO TRIP .
t A LY
501938 480V BUS Alarm Switch | STATUS ALARM ON
FEEDER 452-400 (Note that resetting (pushing in) the
BKR white popout button on affected
Unit Sub breaker, which tripped on
overcurrent, will clear the
annunciator).
DC DC Failure | STATUS ALARM ONLY
5012-3C FAILURE Alarm Relay Breakers which lose status light
480V BUS 74-4 indication also lose trip power and
can only be tripped manually
ACUNDER | AC Undervoltage Relay
5012-3D | VOLTAGE . STATUS ALARM ONLY
480V BUS 427X1-4
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Attachment D (Page 1 of 3)

List of Significant Annunciators

Panel 1H13-P877 Section 5060 Division |

Window Window Actuating Setpoint Automatic
Name | Nomenclature Device Action
e 4.16 KV Bus 1Al Reserve/Main
. Bkr auto closes when the
41§?¥1¥r agllilslis:;'ve ) Main/Reserve Bkr trips (unless
Trip fault/overload on Bus 1A1)..
AP-BC635 or BCE36 e Ifthe 4.16 KV Bus 1A1
Reserve/Main Bkr fails to close,
DG 1A auto start & load.
Diesel Generator 1A
5060-1p | AUTO TRIP Output Breaker Trip STATUS ALARM ONLY
BREAKER AP-BC637
4160V Feeder Breaker ) T ALARM ONLY
AP-BC64S Trip STATUS
480V Bus A (0APO5E)
Main Feed Breaker Trip STATUS ALARM ONLY
AP-BC661
480V Bus 1A (1AP11E)
Main Feed Breaker Trip STATUS ALARM ONLY
AP-BC687
NOT ifv ];1:; rlrx:r{t.Main Bkr tripped on
- AVAILABLE :
5060-1D e Bus 1Al Reserve Bkr Auto
4160V BUS 4160V Bus 1A1 Tri if avai
BREAKER us rp . Close if available.
Main Breaker e If Reserve Bkr is unavailable,
DG 1A will auto start & Close.
If Bus 1A1 Reserve Bkr tripped on
overcurrent:
e Bus 1Al Main Bkr Auto Close
4160V Bus 1A1 Trip if available.
Reserve Breaker e If Main Bkr is unavailable, DG
1A will auto start & Close.
Diesel Generator 1A ,
Output Breaker STATUS ALARM ONLY
480V A or Al
STATUS ALARM ONLY
Feeder Breaker
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Attachment D (Page 2 of 3)
List of Significant Annunciators

Panel 1H13-P877 Section 5060 Division |

Window Window Actuating Setpoint Automatic
Name | Nomenclature Device Action
Main Bkr Trip with auto e Iftrip was caused by non-fault
close of either the conditions, Bus 1A1 Reserve
AUTO XFER | Reserve or DG 1A Feed Breaker auto closes.
5060-2B 4%:5 ([}j S Eé{;‘::i';l;le)lléeserve Bl is e Iftrip was due to a fault or if the
FEED BKR ) 4160V Bus 1A1 Reserve
Breaker fails to close, DG 1A
auto starts and the Output
Breaker attempts auto closes.
XFER e Overcurrent trip of ¢ Both the Main and Reserve Bkrs
5060-2C BLOCKED either I1B1 Main or for Bus 1A1 receive a trip and
4160V BUS Reserve Breaker. lockout signal.
e Breaker or bus fault, e DGIA auto starts and attempts
e Respective HS in to auto close the DG output
Pull-to-Lock. breaker.
. Loss of control power disables auto
5060-3B F AI]IDJ%RE Control Power Monitor control of 4.16 KV Bkrs requiring
: 4160V BUS 74-21A1 local breaker local operation.
AC UNDER Ist Level >2345v | ® Trip o.f the Main (Rsrv) 'fmd -
5060-3C VOLTAGE Undervoltage Relay & close in of‘the Rsrv (Main), if
4160V BUS <3395V voltage exists on standby bus.
227X2-21A1 (nominal | e If the Rsrv (Main) Bkr fails to
2870 V) close, DG1A starts; the Rsrv
(Main) feeder will open & the
Main (Rsrv) feeder locks-out;
Bus 1Al loads are stripped; &
the DG1A closes in.
AC UNDER ond Level >4051 v | After 15 sec time delay, DG1A auto
5060-3D VOLTAGE & start; Reserve (Main) feeder will
SECOND Undervoltage Relay <4092 V | open & the Main (Reserve) feeder
LEVEL (nominal loc.ks-out; Bus 1A1 loads are '
4160V BUS 227X1-21A1-2 4072 V) | stripped; & the DG1A closes in.
AUTO TRIP Auto Trip
5060-5C 45121\3,];%{{8 Any Feeder Breaker on STATUS ALARMONLY
BKR 480VBUS A or 1A
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Attachment D (Page 3 of 3)

List of Significant Annunciators
Panel 1H13-P877 Section 5060 Division |

Window Window Actuating Setpoint Automatic
Name | Nomenclature Device Action
NOT Bus A or 1A Racked-Out
AVAILABLE Main Feed STATUS ALARM ONLY
480V BUS Breakers Local breakers, which lose status
5060-5D | MAIN FEED PR
. light indication also lose control
BKR Bus A or 1A Deenergized .
Control Power power, and.can or.lly be tripped by
Moni the static trip device.
onitor
DC DC Control STATUS ALARM ONLY
5060-6B FAILURE Power Failure Local breakers, which lose status
480V BUS 480V BL_IS light indication also lose control
' AorlA power, and can only be tripped by
the static trip device.
480V Bus A Trip of MCR HVAC Supply &
Undervoltage Return Fans 1VC03CA & 1VC04CA
5060-6C | VOLTetn Alarm 28V,
) VOLTAGE I second @0 | MCRHVAC Chiller, 0VC13CA
480V BUS Volis
480V Bus 1A Trip of Diesel Generator Vent Fan
Undervoltage 1A, 1VDO1CA
Alarm
HIGH TEMP | 480V Bus A or
5060-7B 480V AUX 1A High 200°C STATUS ALARM ONLY
TRANSFOR Temperature
MER
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Attachment E (Page 1 of 3)

List of Significant Annunciators

Panel 1H13 - P877 Section 5061 Division 2

Window Window Actuating Setpoint Automatic
Name | Nomenclature Device Action
e 4.16 KV Bus 1B1 Reserve/Main
4160V Main/Reserve Bkr. auto closes Whel:l the
Breaker Bus 1B1 ) Main/Reserve Bkr trips (unless
) Trip fault/overload on Bus 1B1).
AP-BLE3Bor BCG e Ifthe 4.16 KV Bus 1B1
Reserve/Main Bkr fails to close,
DG 1B auto start & load.
_ Diesel Generator 1B
5061-1 | AUTO TRIP Output Breaker Trip STATUS ALARM ONLY
BREAKER AP-BC640
4160V Feeder Breaker ] »
AP-BC649 Trip STATUS ALARM ONLY
480V Bus B (0APO6E)
Main Feed Breaker Trip STATUS ALARM ONLY
AP-BC662
480V Bus 1B (1AP12E)
Main Feed Breaker Trip STATUS ALARM ONLY
AP-BC688 '
If Bus 1B1 Main Bkr tripped on
overcurrent:
) e Bus 1B1 Reserve Bkr Auto
4160V Bus 1B1 Trip Close if available.
Main Breaker e IfReserve Bkr is unavailable,
NOT DG 1B will auto start & Close.
AVAILABLE If Bus 1B1 Reserve Bkr tripped on
5061-1D | 4160V BUS overcurrent: _'
BREAKER o Bus 1B1 Main Bkr Auto Close
4160V Bus 1B1 Trip if available.
Reserve Breaker e If Main Bkr is unavailable, DG
1B will auto start & Close.
Diesel Generator B
Output Breaker STATUS ALARM ONLY
480V 1B & Bl
STATUS ALARM ONLY
Feeder Breaker
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Attachment E (Page 2 of 3)
List of Significant Annunciators
Panel 1H13 - P877 Section 5061 Division 2

Window Window Actuating Setpoint Automatic
Name | Nomenclature Device Action
Main Bkr Trip with auto e [ftrip was caused by non-fault
close of either the conditions, Bus 1B1 Reserve
AUTO XFER | Reserve or Breaker auto closes.
506128 | 46OV BUS .| G 1B Feed Bkr if the : i
- RES/DG . e Iftrip was due to a fault or if the
FEED BKR Reserve Bkr is 4160V Bus 1B1 Reserve

unavailable. Breaker fails to close, DG 1B

auto starts and the Output
Breaker attempts auto closes.

XFER ¢ Opvercurrent trip of e Both the Main and Reserve Bkrs
5061-2C BLOCKED either 1B1 Main or for Bus 1B1 receive a trip and
) 4160V BUS Reserve Breaker. lockout signal.
* Breaker or bus fault, e DGIB auto starts and attempts
e Respective HS in to auto close the DG output
Pull-to-Lock. breaker.
DC Control Power Monitor Loss of control power disable.s auto
: control of 4.16 KV Bkrs requiring
5061-38 | FAILURE 4
) 4160V BUS 74-21B1 local breaker local operation.
AC UNDER Ist Level >2345Vv | ® Trip of the Main (Rsrv) and
5061-3C VOLTAGE Undervoltage Relay & close in of.the Rsrv (Main), if
4160V BUS <3395V voltage exists on standby bus.
227X2-21B1 - | (nominal | e Ifthe Rsrv (Main) Bkr fails to
2870 V) close, DG1B starts; the Rsrv

(Main) feeder will open & the
Main (Rsrv) feeder locks-out;
Bus 1B1 loads are stripped; &
the DGIB closes in.

AC UNDER 2nd Level > 4051 v | After 15 sec time delay, DG1B auto
5061-3D VOLTAGE & start; Reserve (Main) feeder will
) SECOND Undervoltage Relay <4092 V | open & the Main (Reserve) feeder
LEVEL (nominal | locks-out; Bus 1B1 loads are
4160V BUS 227X1-21B1-2 4072 V) | stripped; & the DG1B closes in.
AUTO TRIP Auto Trip
5061-5C | 480V BUS STATUS ALARM ONLY
FEEDER Any Feeder Breaker on
BKR 480V BUS B or 1B
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Attachment E (Page 3 of 3)

List of Significant Annunciators
Panel 1H13-P877 Section 5061 Division 2

Window Window Actuating Setpoint Automatic
‘Name | Nomenclature Device Action
NOT Bus B or 1B Racked-Out
AVAILABLE Main Feed STATUS ALARM ONLY
480V BUS Breakers Local breakers, which lose status
5061-5D | MAIN FEED e e
. light indication also lose control
BKR BusBor 1B Deenergized .
Control Power power, and can or-11y be tripped by
Moni the static trip device.
onitor .
DC DC Control STATUS ALARM ONLY
5061-6B FAILURE Power Failure Local breakers, which lose status
‘ 480V BUS 480V Bus light indication also lose control
Bor 1B power, and can only be tripped by
the static trip device.
480V Bus B Trip of MCR HVAC Supply &
: Undervoltage Return Fans 1VC03CB & 0VC04CB
S061.6C AC UNDER Alarm 328V,
) VOLTAGE ‘ I second @0 | MCR HVAC Chiller, 0VC13CB
480V BUS volts '
480V Bus 1B Trip of Diesel Generator Vent Fan
Undervoltage 1B, 1VDO1CB
Alarm
HIGH TEMP | 480V Bus B or
5061-78 480V AUX 1B High 200°C STATUS ALARM ONLY
TRANSFOR Temperature
MER
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Attachment F (Page 1 of 2)
List of Significant Annunciators
Panel 1H13 — P601 Section 5062 Division 3

Window

of other to close.

Window Actuating Setpoint Automatic
Name | Nomenclature Device Action
F or S System Bus 1C1 Reserve Breaker auto
AUTO TRIP Lockout closes, unless a fault or overload
5060-1A | 4160V BUS 1240 amps or on the bus caused trip.
| 1C1 Overcurrent 1440 amps // If 4160V Bus 1C1 Reserve
MAIN FEED with DG Breaker Fails to close, DG 1C
BKR Main Supply 2842V at auto starts and loads.
Undervoltage 0.18 sec
‘Bus 1C1 Main ) Reserve Bkr closes in if
Feed Breaker Tripped sufficient voltage exists.
TO XFER
AU If 2" UV Relay (15 sec) times
4160V BUS
5062-1B RES/DG out, DG 1C starts; the Reserve
FEED BKR Bus 1C1 DG Auto Closure (Main) Bkr will open & the
Breaker Main (Reserve) Bkr will LO;
the 4.16KV Bus 1C1 strips its
loads; & the DG 1C closes in.
Overcurrent Ol trip is bypassed on a LOCA.
1440 amps at
OVER Relay 9.5 sec If DG // with Offsite, both Main
5062-1C CURRENT & Reserve Bkrs trip & LO, if
DIESEL GEN closed.
1C O1 with voltage 1240 amps Main, Reserve, & DG output
restraint relay Bkrs trip & LO.
DG 1C trips.
Manual Close
Main Feed Bkr Main Breaker auto closes unless
AUTO TRIP F or S System a fault or overload on 4160V
4160V BUS Lockout Bus 1C1 caused trip.
5062-2A 1C1 1240 amps or
RES FEED Overcurrent ) )
BKR 1449 amps // If Main Breaker fails to close,
with DG DG 1C will auto start and load.
Main Supply 2842 Volts
Undervoltage
XFER Ol trip & LO of Main Reserve Bkrs trip & LO, if
5062-2B BLOCKED | Mainor Re§erve closed.
Bkr and failure
4160V BUS DG 1C auto starts and loads.
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Attachment F (Page 2 of 2)

List of Significant Annunciators
Panel 1H13 — P601 Section 5062 Division 3

Window Window Actuating Setpoint Automatic
Name | Nomenclature Device Action
Manually closing
Main or Reserve STATUS ALARM ONLY
Breaker
DG 1C Tri Ifthe DG 1C Bk trips while the DG is
5062-3A AUTO TRIP rp the only supply to the 1C1Bus, bus will
DC};I;{%ED LOCA with DG not automatically re-energize.
1C paralleled
DG IC
Trip/Lockout
e Trip of the Main (Rsrv), & close
1st Level UV in of the Rsrv (Main), if voltage
AC UNDER Relay 52345V & is sufficient on the standby bus.
5062-3B Z%(%I\F[/‘A];(I}J% <2730V e If the Rsrv (Main) Bkr fails to
' nom 2538 close, the DG starts; the Rsrv
27SX Cub 101 ( v)
Y (Main) feeder opens & the Main
27SY Cub 105 (Rstv) feeder LO; the 1C1 Bus
strips loads; & the DG closes in.
AUTO TRIP
- @) t Rel 40
5062-4A 480V vereurrent Relay | - 40 amps @ STATUS ALARM ONLY
TRANSFORMER 51-1 & 513 ' :
BKR
AC UNDER Undervoltage 328V, 1 sec | If Ol exists in conjunction with the
5062-5B VOLTAGE Relay at zero volts UV, 480V Bus 1C Transformer
480 BUS 27 Breaker, 252-AT1C will auto trip.
DIV 3 Main Feeder UV
— TRIPPING Detection STATUS ALARM ONLY
) CONTROL Trip Pwr all Div 3
POWER 4160v Bkrs
FAILURE
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Attachment G (Page 1 of 1)
List of Significant Annunciators

Panel 1H13 - P680 Sections 5007 & 5008 4160 V Divisional Alarms

Window Window Actuating Setpoint Automatic
Name | Nomenclature Device Action
SAFETY 4.16 KV Bus STATUS ALARM ONLY
RELATED 1A1, 1B1, 1C1
5007-5M | 4.16 KV BUS Voltage Restore bus voltage to <4300V.
HIGH AP-BA525 4251V Required within 30 minutes to maintain
VOLTAGE AP-BA530 OPERABILITY
AP-BAS35
e The loss of voltage relays will trip
the RAT (ERAT), and close in the
ERAT (RAT), if sufficient voltage
exists on the standby bus.
4.16 KV Bus
4KV BUS 1A1, 1B1, 1C1 4136V
5008-5L LOW Voltage e 1£27 UV Relay (15 sec TD)
VOLTAGE AP-BA525 activates for 4.16KV Divisional Bus
ggﬁggg the associated DG will start; the Rsrv
(Main) feeder will open & the Main
(Rsrv) feeder will LO; the bus will -
be stripped of its loads; and the DG
will tie onto the bus.
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Attachment H (Page 1 of 1)

DIVISIONAL COLOR CODES

Description

Class 1E Division 1 Components
Class 1E Division 2 Components
Class 1E Division 3 Components
Class 1E Division 4 Components
Non-Class 1E Division 1 Associated Components
Non-Class 1E Division 2 Associated Components
Non—ICIaSS 1E Division 3 Associated Components
Non-Class 1E Division 4 Associated Components
Non-Safety Related Train A
Non-Safety Related Train B

Non-Safety Related Division X

Color
Yellow
Blue
Green
Orange
Yellow - White
Blue - White
Green - White
Orange - White
Black or Gray
Black or Gray

Black or Gray
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Attachment | (Page 1 of 1)

KIRK KEY INTERLOCKS
Description Device Number  Normal Position Location
RAT ‘B’ 4.16 KV Disconnect ET14 OPEN Outside above
Switch to Bus 1ET4 Service/Turbine Buildings
Doors
ERAT 4.16 KV Disconnect ET4 CLOSE Control Building 737'
Switch to Bus 1ET4 Floor Level
RAT ‘B’ 4.16 KV Disconnect RT14 CLOSE Turbine Building 737,
Switch to Bus 1RT4 ‘ above Turbine/Service
Building Door
4.16 KV Disconnect Switch RT4 OPEN Radwaste 737" in overhead
from Bus 1RT4 to Unit 2 : of S-Line
6.9 KV Disconnect Switch RT6 ' OPEN Turbine Building 737' in
from Bus 1RT6 to Unit 2 overhead of S-Line
RAT A 6.9 KV Disconnect RTI16 CLOSE Turbine Building 737" in
Switch to Bus IRT6 overhead of S-Line
RAT C4.16 KV Disconnect ~ RTCI4 CLOSE
Switch to Bus 1B Above SB to TB Walkway
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Attachment J (Page 1 of 1)

AUXILIARY POWER 4.16 KV & 6.9 KV CURRENT AND POWER INSTRUMENTATION
(MCR)

MCR Panel P870

Ammeters

0-2000 amps

UAT 1A FDR to 6.9 KV Bus 1A Current
UAT 1B FDR to 6.9 KV Bus 1B Current
Bus 1RT6 FDR to 6.9 KV Bus 1A Current
Bus 1RT6 FDR to 6.9 KV Bus 1B Current

0-3000 amps

UAT 1IAFDR t0 4.16 KV Bus 1A
UAT 1B FDR to 4.16 KV Bus 1B
Bus 1RT4 FDR to 4.16 KV Bus 1A
Bus IRTC4 FDR to 4.16 KV Bus 1B

Wattmeter

0-25 MW

UAT 1A FDR to 6.9 KV Bus 1A
UAT 1B FDR to 6.9 KV Bus 1B
Bus IRT6 FDR to 6.9 KV Bus 1A
Bus 1RT6 FDR to 6.9 KV Bus 1B

0-22 MW .

UAT 1AFDR to 4.16 KV Bus 1A
UAT 1B FDR to 4.16 KV Bus 1B
Bus 1RT4 FDR to 4.16 KV Bus 1A
Bus IRTC4 FDR to 4.16 KV Bus 1B

MCR Panel P877

0-800 amps

Bus 1RT4 FDR to 4.16 KV Bus 1A1
Bus 1RT4 FDR to 4.16 KV Bus 1B1
Bus 1ET4 FDR to 4.16 KV Bus 1A1
Bus 1ET4 FDR to 4.16 KV Bus 1B1

MCR Panel P601

Wattmeter

0-5000 kW
Bus 1RT4 FDR to 4.16 KV Bus 1C1
Bus 1ET4 FDR to 4.16 KV Bus 1C1

Ammeter
0-600 amps

Bus 1RT4 FDR to 4.16 KV Bus 1C1
Bus 1ET4 FDR to 4.16 KV Bus 1C1

MCR Panel] P827

0-2000 amps

UAT 1A FDR to 6.9 KV Bus 1A
UAT 1B FDR to 6.9 KV Bus 1B
Bus 1RT6 FDR to 6.9 KV Bus 1A
Bus IRT6 FDR to 6.9 KV Bus 1B

0-3000 amps

UAT 1A FDR t0 4.16 KV Bus 1A
UAT 1B FDR to 4.16 KV Bus 1B
Bus 1RT4 FDR to 4.16 KV Bus 1A
Bus 1RTC4 FDR to 4.16 KV Bus 1B

0-800 amps
Bus 1RT4 FDR to 4.16 KV Bus 1Al
Bus 1RT4 FDR to 4.16 KV Bus 1B1
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Attachment K (Page 1 of 1)

AUXILIARY POWER BREAKER CODES

X-52-X-X-XX

System Designates | Bus Breaker Bus
Voltage Device Voltage Type Designation
X 52- X X XX
5=69KV 52 = AC Bkr 5=69KV 0 = Main Breaker 1A
2=4.16 KV 52 = AC Bkr 2=4.16 KV 1 = Tie Breaker 1B1
4=480V 52 = AC Bkr 4=480V 2 =Reserve 1C1, ete.
Breaker
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Unit Substation Main

Feeder Breaker

480 V Unit Sub 1A
480 V Unit Sub 1F
480 V Unit Sub 1J
480 V Unit Sub A
480 V Unit Sub E
480 V Unit Sub F
480 V Unit Sub I
480 V Unit Sub K
480 V Unit Sub M
480 V Unit Sub 1H
480 V Unit Sub 1D
480 V Unit Sub P
480 V Unit Sub 1E

480 V Unit Sub 1M

Attachment L (Page 1 of 1)

" Location of wall
mounted control
unit

AB 781 (East)
CB 702'
TB 762"
CB 825'
RW 762"
RW 762'
RW 762"
CB 825'
SB 722"
TB 737’
AB 762’
CB 719’
AB 762’

AB 762’

Unit Substation
Main Feeder
Breaker

480 V Unit Sub 1B
480 V Unit Sub 1G
480 V Unit Sub 1K
480 V Unit Sub B
480 V Unit Sub G
480 V Unit Sub H
480 V Unit SubJ
480.V Unit Sub L
480 V Unit Sub N
480 V Unit Sub C
480 V Unit Sub O
480 V Unit Sub D
480 V Unit Sub 1L

480 V Unit Sub 11

UNIT 480V SUBSTATION and LOCAL MAIN FEEDER BREAKER CONTROL LOCATIONS

Location of wall
mounted control
unit

AB 781' (West)
CB 702
TB 762
CB 825
RW 762
RW 762!
RW 762
CB 825'
SB 722
RW 737
CB 719°
RW 737
AB 762’

TB 737
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Attachment M (Page 1 of 1)
OPEX ~ Critique OPS-98-12
PT Fuse Operations Momentarily De-energized 4160 Volt Bus 1A1 and Cause a Loss of
Shutdown Cooling

October 1998 while in cold shutdown (Mode 4), the 4160 volt Bus 1A1 momentarily de-energized causing
a loss of shutdown cooling. The 1A1 Bus was being feed through the reserve supply breaker (ERAT)
while the main feed breaker (RAT) was tagged-out for testing of the Static Var Compensator
modification. While Operations personnel were attempting to replace Potential Transformer (PT) fuses to
clear the tagout on the main feed breaker, the area operator inadvertently opened the Potential
Transformer (PT) fuse compartment door for the bus. This caused the Bus PT fuse connections to open
while the ERAT was carrying the bus. De-energizing the Bus PT fuses satisfied the logic for opening the
ERAT feed breaker and starting the Division 1 Diesel Generator. The DG successfully started closed in to
carry the 1A1 busloads. The momentary loss of power also caused a loss of Fuel Pool Cooling and
Cleanup, Fuel Building HVAC, and RHR Pump A. The RHR A pump was in the Shutdown Cooling
Mode at the time. Shutdown cooling was re-established by re-starting the A RHR pump.

Earlier in the shift the Operators restored the main feeder breaker for the 1C1 Bus. After some searching
the operators found the main feeder breaker and the Bus PT fuses inside the 1C1 Switchgear. To access
them you must first open the Auxiliary Cubicle door, then pull out the drawer for the fuses. There is a
separate drawer for the main breaker fuses and one for the bus fuses. The danger tag was placed on the
drawer making it visible only after opening the cubicle door. This effort was complicated by a miss match
between the Switchgear labeling and the tagout documents.

Prior to the start of the tagout restoration work a pre-job brief was conducted including the tags to be
removed, sequence for the restoration, ensuring all workers were signed off, and details of the switching
order. The locations for the PT fuses were not discussed; however, this type of discussion is not typical
for a pre-job briefing.

After restoring the 1C1 Bus the Operators completed the restoration of a 12 KV tagout and switching
order, and then proceeded to the 1A1 Switchgear. At the 1A1 Switchgear, again they were to clear the
tagout on the main feeder breaker. The Operators were familiar with the PT fuse locations and did not
know that the main feeder breaker PT fuses are in the back of the Switchgear behind the main feeder
breaker. The Bus PT fuses are located on the front of the 1A1 Switchgear above the main feeder breaker.

The Bus PT fuse compartment did not have a tag hanging on it. The main feeder breaker PT compartment
did have a tag hanging on the front, but it was located in the back of the Switchgear. The tagout
documents did have a note that the tag was located in the back of the Switchgear. Based on what they had
experienced at the Div 3 Switchgear they were not concerned by what they perceived as a discrepancy
between the labeling at the Switchgear and the tagout documents. They also expected to have to open a
compartment prior to being able to view the actual danger tag. With these thoughts they opened the PT
compartment for the Bus PT fuses.

When the Bus PT fuse compartment was opened, interlocks immediately cause the associated low voltage
circuits to be de-energized though PT drawer interlocks resulting in de-energizing the 1A1 Bus.
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Attachment N (Page 1 of 8)
OPEX - SER 3-10 (Previously SEN 282)
Electrical Fault Complicated by Equipment Failures and Inappropriate Operator Action
Leads to Damaged Electrical Equipment, Scram, Safety Injection, and Degraded Reactor
Coolant Pump Seal Cooling

SIGNIFICANT EVENT REPORT

Executive Summary

On March 28, 2010, H. B. Robinson Steam Electric Plant sustained damage to two 4-KV buses and the
unit auxiliary transformer (UAT) when an arc flash occurred in a cable conduit and the bus supply circuit
breaker failed to open on overcurrent. Subsequently, an automatic reactor scram occurred that was
complicated by electrical fire response, loss of power to balance-of-plant equipment, and a temporary loss
of power to emergency bus E2. Following the reactor scram, a safety injection (SI) signal was initiated as
a result of low pressurizer pressure when operator response to an uncontrolled reactor coolant system
(RCS) cooldown was delayed. Additionally, reactor coolant pump (RCP) seal integrity was challenged
when RCP seal injection flow became inadequate with component cooling water (CCW) flow to the RCP
thermal barriers isolated. Operators were slow to recognize this problem, and they further threatened RCP
component integrity when they restored CCW to the RCPs.

During recovery activities following the initial arc flash event, operators inappropriately reset the main
generator (MQG) 86 lockout relay, re-energizing the faulted bus causing additional damage to electrical
switchgear and a second electrical fire. An Alert emergency was declared because the fire resulted in
degraded safety-related systems required to achieve and maintain safe shutdown conditions.

Significant aspects of the event include the following:

e A 4-KV cable insulation fault initiated events that led to an automatic reactor scram, fires, equipment
damage, and SI actuation.

e Operator actions to restore RCP seal cooling without checking RCP temperatures had the potential to
thermally shock RCP seals, distort RCP shaft components, and cause boiling of the CCW in the RCP
thermal barrier cooling coils.

e Control room operators did not effectively monitor important control board indications and act promptly
to control key plant parameters, contributing to an automatic safety injection actuation, an uncontrolled
cooldown, and a challenge to RCP seal cooling.

e Failure of the bus 4 to bus 5 tie breaker—a major contributor to the event—occurred because control
power was not available as a result of a malfunctioning fuse that had been open-circuited for an extended
period.

e The operating crew did not effectively manage resources to simultaneously handle the fire and plant
transient.

e An inappropriate action that reset the MG 86 lockout relay reenergized the faulted bus components,
causing a second arc flash that resulted in additional damage and endangered personnel in the area.
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Attachment N (Page 2 of 8)
OPEX — SER 3-10 (Previously SEN 282)
Electrical Fault Complicated by Equipment Failures and Inappropriate Operator Action
Leads to Damaged Electrical Equipment, Scram, Safety Injection, and Degraded Reactor
Coolant Pump Seal Cooling

Description

On March 28, 2010, cable insulation on the 4-KV supply to non vital bus 5 at H. B. Robinson Steam
Electric Plant failed at the bus 5 cabinet entry point (see Attachment N.2). The cable failure caused an arc
flash event, internal damage to the UAT, and a subsequent cable fire in the conduit.

The reactor scram occurred during the shift crew meeting at the start of the shift. Most of the shift
members were in a room in the work control center building that is separated from the turbine building.
The control room supervisor (CRS), the operator at the controls (OATC), and the balance-of-plant (BOP)
operator were in the control room participating in a teleconference with the rest of the crew members. The
crew meeting was stopped, and the shift manager (SM),shift technical advisor (STA), and two auxiliary
operators proceeded to the control room by way of the plant transformer area because the control room
team had announced a loss of startup transformer (SUT) occurring with the scram. The erroneous loss of
SUT diagnosis was based on the SUT energized light being extinguished for several seconds—most likely
a result of degraded SUT voltage caused by the initial fault current. The SM and STA observed the fire on
4-KV bus 5 cabling and conduit near the transformer area. The SM and STA arrived in the control room
approximately 4 minutes after the reactor scram and announced the fire at 4-KV bus 5.

After completing the required immediate action steps of the EOPs, the CRS assigned the BOP operator to
initiate the plant abnormal operating procedure (AOP) for fire events. The BOP operator was not available
for EOP actions or parameter monitoring for the next 35 minutes of the event. During this period, the SM
and STA were concurrently evaluating the emergency plan criteria, initiating calls for off-site fire
assistance, and making duty manager notifications. Little oversight of the control room team activities was
achieved during the first 25 — 30 minutes of the event.

(See Attachment N.1 for the following discussion)

When the fault occurred. circuit breaker 52/24 did not trip on over current as expected and remained
closed throughout the event. A faulty fuse disabled the breaker trip control circuit. Timely repair of a
deficiency on breaker 52/24 local indicating lights may have prevented this breaker failure. This
deficiency was first identified in November 2008. As a result of the breaker failure, the fault persisted on
buses 4 and 5 while the time over current protection for bus 4 feeder breaker 52/20 began timing. During
this over current timing period, the fault caused voltage for buses 4 and 5 to become significantly
depressed and the B RCP motor slowed the RCP, actuating the low RCS flow reactor protection logic for
the B RCS loop, which tripped the reactor.

The fault current was initially fed from the UAT. After three to four seconds, the UAT failed internally
and tripped on fault pressure protection, initiating an MG 86 lockout and live fast bus transfer by closing
breaker 52/19 and opening breaker 52/20. The fault was then transferred from the UAT to the SUT.
Following transfer of the fault to the SUT, voltage for bus 3 became significantly depressed, resulting in
actuation of the loss-of-voltage relays for the E-2 safety bus. E-2 then separated from 4- KV bus 3, the B
emergency diesel generator auto started and connected to bus E-2, and the load sequencer ran as designed.
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After several seconds, the time over current relays for 52/19 actuated and tripped the breaker, clearing the
fault and ending the first electrical fault event.

The loss of electrical power in the plant caused the moisture separator reheater drain tank alternate dump
valves to the condenser to fail open and prevented remote closing of the moisture separator reheater steam
shutoff valves, resulting in an uncontrolled RCS cooldown. The RCS cooldown exceeded 100 degrees in
60 minutes and led to an automatic low pressurizer pressure SI signal. The SI system injected to the
reactor coolant system for approximately 12 minutes with a maximum flow of approximately 260 gpm.
The main steam isolatiorr valves closed automatically when instrument bus (IB) 3 lost power and this
stopped the RCS cooldown. IB 3 lost power from an unknown cause although an auxiliary operator
bumped the IB 3 inverter breaker while traveling to restore power to B battery charger that was lost when
emergency bus E-2 was deenergized. Additionally, EOPs require the battery charger to be reenergized in
30 minutes after a power loss, and it took operators 38 minutes to complete this task.

Station expectations require operators to manually initiate SI if an automatic set-point is being
approached. However, the operators did not closely monitor pressurizer pressure because they were
focused on the fire response and executing emergency operating procedure (EOP) steps without taking
time to observe key plant parameters and trends. Additionally, the operators antic¢ipated a high steam line
differential pressure SI based on previous training experiences involving a loss of RCP at power.

Instrument bus 4 experienced a loss of power as a result of emergency bus E-2 losing power temporarily.
The loss of IB 4 power initiated a false high thermal barrier CCW flow signal causing the thermal barrier
return flow control valve (FCV-626) to isolate CCW cooling to the RCP thermal barriers when power was
restored to E-2. This condition went undetected by the operating crew for 39 minutes. Also, other
instruments needed to complete scram immediate actions lost power when IB 4 lost power and operators

~ were required to use alternate indicators to verify immediate actions.

The charging pumps were providing seal cooling injection flow to the RCPs following the loss of thermal
barrier cooling. When the safety injection occurred, charging flow decreased from 65 gpm to 18 gpm as a
result of automatic (design) tripping of the charging pump running on bus E-2, causing the parallel seal
injection flow to also be significantly reduced. The amount of injection flow to each RCP seal is only
indicated locally near the charging pump and has no computer monitoring capability. RCP bearing water
temperatures on all three RCPs began to slowly increase. The differential pressure on the RCP labyrinth .
seal indirectly indicates adequacy of injection flow to seals. A positive labyrinth seal differential pressure
indicates seal injection flow into the RCS. The differential pressure on the B RCP went to zero
immediately after the SI, and the differential pressure on the operating pumps dropped significantly. At
that point, the shutdown B RCP had no seal cooling from the thermal barrier heat exchanger and seal
injection flow was uncertain.
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Nineteen minutes after the SI signal, an air-operated valve on the alternate charging line to the RCS failed
open because containment instrument air is isolated as a result of a phase A isolation and a slow air leak
on the valve diaphragm. Indicated charging flow to the RCS increased from16 gpm to 25 gpm. At the
same time, labyrinth seal differential pressure on the operating pumps dropped significantly, reaching
approximately zero on the A RCP. At that point, the A RCP seal injection cooling was in doubt, and CCW
flow to the thermal barrier was isolated. Labyrinth seal differential pressure on the shutdown B RCP went
negative, indicating probable flow of hot RCS water towards the seal. RCP bearing water and seal outlet
temperatures on all RCPs began to increase. Operators are trained to refrain from initiating cooling to RCP
seals if cooling has been lost for more than 15 minutes. Operators were not fully aware that seal injection
flow and therefore seal cooling had degraded when they reopened FCV-626. Seal leakoff temperature on
the B RCP was at 195 degrees F and within 15 minutes of boiling when FCV-626 was opened.

During the event, the expected automatic actions on low-low volume control tank level to transfer
charging pump suction to the refueling water storage tank (RWST) did not occur because of an equipment
malfunction. This condition went undetected by the operating crew for 49 minutes. Also, the automatic
makeup system had not been restarted after the power loss. The running charging pump lost suction and
stopped delivering flow to the reactor coolant system and reactor coolant pump seals after 37 minutes
(time 19:37). RCP seal cooling was reestablished through manual action to re-open component cooling
water thermal barrier flow control valve FCV-626 at 19:31. In addition, the loss of filtered seal injection
flow allowed unfiltered RCS water to flow through the RCP seals, requiring future inspection of the RCP
seals for possible damage or particulate buildup.

While performing the GP-004, Post Trip Stabilization, procedure, (about three and one-half hours after the
reactor scram), the operators were directed by the procedure to reset the MG 86 lockout relay. This action
resulted in the SUT being reconnected to the uncleared fault on 4-KV bus 5. The action of positioning the
MG 86 lockout relay to its reset state allowed breaker 52/19 antipump logic to reset, arming the breaker to
reclose. Also, because the UAT fault pressure trip input to the MG 86 lockout relay was still locked in, the
relay would not latch into the reset position and was tripped back to its lockout position. When this
occurred, the fast transfer contacts reclosed breaker 52/19. This caused an arc flash in the back of breaker
52/24 switchgear cubicle. Operators did not fully understand how the plant would respond to the resetting
of the relay. After several seconds, the time over current relays for 52/19 actuated and tripped the breaker,
clearing the fault and ending the second electrical fault event.

During the second arc flash and fire, both safety-related 125-VDC battery buses developed electrical
grounds that were likely caused by arc flash and fire damage. At this point, the shift manager declared an
Alert and activated the emergency organization. ‘

Plant conditions required a cooldown to MODE 5, and the operators placed the plant in MODE 5 on
March 30. A refueling outage was scheduled for April 17, 2010. The outage was entered early to facilitate
repairs to the damaged electrical equipment.
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Causes and Contributing Factors

Problems contribliting to this event occurred in the areas of equipment performance, operating crew
performance, and organizational effectiveness. The various causes of the problems in these three areas are
described below.

Equipment Performance:

Cable Fault Problems:

(NOTE: The 4-KV bus 5 was installed in 1986 to provide additional power for equipment additions to the
plant.)

e The cables installed to provide power to 4-KV bus 5 did not have adequate strain relief at the bus
connection

e Substitute cables were installed that did not meet original modification requirements for non-magnetic

conduit, insulation quality, shielding, or flame retardation. Justification for the substitutions was not found
during modification records retrieval.

Circuit Breaker (52/24) Failure:
e The breaker 30 amp control power fuse had an open circuit due to mechanical shock.

e Station personne] did not challenge the assumption that the circuit breaker closed indicating light
deficiency, identified in November 2008, was caused by a light socket deficiency.

e Inadequate impact review of the breaker indicating light problem resulted in assigning the wrong
priority for the work request.

Charging Pump Suction from the volume control tank to the RWST Auto-Transfer Failure:

e The volume control tank level comparator module was incorrectly configured during the previous
refueling outage when the original Hagan comparator module was replaced withan NUS type module

e Post maintenance acceptance testing after the NUS comparator module replacement did not include a
complete test of the module function. This testing deficiency introduced a latent equipment deficiency.
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Operating Crew Performance:
Safety Injection Actuation:

e Ineffective control room command and control and assignment of resources allowed other control room
activities, such as fire response phone calls, to delay progression through the EOPs and contributed to
inadequate monitoring of critical plant parameters that would have identified the uncontrolled cooldown
that led to the SI signal.

e The crew did not recognize the magnitude of the RCS cooldown. Based on not recognizing the
magnitude of RCS temperature and pressure decrease the control room supervisor did not direct closing of
the MSIVs. The control room supervisor could have directed local closing of the MSR shutoff valves or
closed the main steam isolation valves (MSIV).

» Previous training experience led the crewmembers to believe they would receive an SI signal on high
steam line differential pressure caused by the loss of one RCP. During and after the event the crew
believed the SI was caused by a high steam line differential pressure signal rather than low pressurizer
pressure. In three previous training scenarios with a loss of an RCP at power, a high steam line differential
pressure signal resulted in an SI actuation.

e Insufficient detail in the EOPs concerning MSR isolation contingency actions and operator belief that
the open MSR supply valves would not cause significant cooling contributed to a lack of response to-
stopping the cooldown. Also, the operators were not aware that the MSR drain tank alternate drain valves
had failed open on loss of power.

Response to Reduced RCP Seal Cooling:

e The crew did not identify the loss of thermal barrier cooling until the emergency procedures directed
monitoring this parameter.

. ® Crewmembers restored CCW to the RCP thermal barrier coolers without first verifying that adequate
cooling had been maintained to the RCP seals from seal injection flow. Restoring CCW could have
created a thermal shock condition on the RCP seals if the seal package had overheated from a loss of all
cooling (CCW cooling and seal injection flow). The operating crewmembers took this action without
referencing the appropriate alarm response procedure which would have required them to verify seal
cooling prior to restoring CCW flow.

— Several plant procedures, including the EOP for response to SI, equate having a running charging pump
to having adequate seal injection flow. Also, operator training and station procedures emphasize a 15-
minute time limit for reinitiating cooling to an RCP seal when both seal injection flow and CCW flow are
simultaneously lost. Either of these factors may have contributed to the operating crew’s decision to open
FCV-626 without first checking RCP seal temperatures.
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e The volume control tank makeup control system transferred to an OFF condition when the makeup
system lost power during the temporary loss of power to emergency bus E-2 and operators d1d not reset
makeup after power was recovered.

e The crew did not identify that the volume control tank level was low until emergency procedures
directed checking charging flow. At this time, the volume control tank was empty and the B charging
pump had lost suction, causing inadequate seal injection flow and elevated RCP bearing water
temperatures.

e The OATC positioned the volume control tank auto-transfer valve control switches to match the
indicated valve positions believing the valves were in the correct position. The shift technical advisor
noted the discrepancy, and the switches were moved to the correct position, causing the valves to properly
align suction to the charging pumps from the RWST.

e The B charging pump was stopped because of concerns of damage from loss of suction flow. The C
charging pump was then started, restoring seal injection flow and charging flow.

Resetting the Main Generator 86 Lockout Relay:

e Plant conditions were not fully evaluated following the fire and arc flash damage to electrical buses prior
to operators performing procedure steps that assume a normal electrical alignment.

e Attempting to reset the MG 86 lockout relay reinstated the electrical fault on 4-KV buses4 and 5,
causing further damage and endangering personnel in the area of these buses during the second event.

Organizational Effectiveness Factors:

» Improper behaviors, including leadership weaknesses that were identified during training scenarios and
crew assessment shortfalls had not been adequately corrected and followup conducted.

o Station management had not aggressively pursued operating crew performance improvement corrective
actions, ensured training was effective, monitored field performance, and provided critical timely
feedback on performance shortfalls.

Outage control center (OCC) personnel did not provide a thorough post-event damage assessment or
adequate assistance to the operating crew. OCC personnel were focused on identifying forced outage
activities. Operations management did not request support, and plant- management onsite did not direct
action to support a damage assessment.

N-CL-OPS-262001, Rev 012 Page 141 of 172



Attachment N (Page 8 of 8)
OPEX — SER 3-10 (Previously SEN 282)
Electrical Fault Complicated by Equipment Failures and Inappropriate Operator Action
Leads to Damaged Electrical Equipment, Scram, Safety Injection, and Degraded Reactor
Coolant Pump Seal Cooling

Lessons

There are many important lessons to be learned from this event. Case studies may be the most effective
way of bringing out the appropriate lessons among key groups such as the management team, operations,
maintenance, work management, and engineering. In addition to the lessons below, it is suggested that the
significant aspects of the event as listed in the Executive Summary be thoroughly discussed and
expectations for behaviors clarified and reinforced.

1. Past industry lessons about the importance of monitoring key plant parameters continue to apply. Shift
leaders must ensure that control board operators are periodically monitoring all control board indications
and responding to equipment failures. For example, monitoring of appropriate RCP seal cooling
parameters is vital since overheating or thermally shocking these components can lead to a loss of coolant
accident, bearing damage, or shaft warping.

2. The unavailability of control power to the 52/24 breaker was a key contributor to the complexity of the
event. The fuse problem was long-standing.

3. Shift leaders need to ensure control room distractions are managed well, particularly during transient
and accident conditions.

4. Shift leaders need to engage the plant’s resources effectively during complex events. This involves
ensuring resources are properly positioned to effectively cope with events that areoccurring.

5. Emergency operating procedures are intended to be performed as written. Conditions may arise;
however, where it is advantageous to perform preemptive actions that are necessary to protect equipment,
or lessen the severity of the transient. If the operators had taken preemptive action to close the MSIVs in
this event, it is possible that the SI signal could have been avoided and it is probable that safety injection
flow would not have injected. The station EOP user’s guidance has provisions for preemptive action but
this guidance was not implemented. Individual owner’s groups offer guidance on implementing
preemptive actions.

6. Events such as fires and loss of electrical power are particularly challenging because of the additional
demands for operator attention. Control room operators need to enhance their focus on key parameters

during these events. Training of operators to deal with complex multiple casualties such as what
confronted the Robinson control room crew may not be adequate.

7. The consequences of performing each step of a recovery procedure following a fire and loss of
electrical power event need thorough evaluation. Normal operating procedure guidance may not be
appropriate for the conditions created by damage from the event. Using these procedures, especially when
electrical systems are affected, without fully understanding the impact to the plant can substantially
complicate the recovery. _

8. If FCV-626 flow control circuitry had been powered from an uninterruptible power supply, the loss of
bus E-2 would not have caused a loss of thermal barrier cooling.
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INPO SIGNIFICANT EVENT REPORT SER 3-10
(#* Shown for breakers that are closed to 4-kV buses and safet):buses E-1 & E-2)
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4-KV Buses 4 & 5 Damage

SIGNIFICANT EVENT REPORT

Rear Panel of 4kV Bus 4
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DESCRIPTION OF CIRCUMSTANCES

Byron Station, Unit 2

System Description: The Byron Unit 2 electrical system consists of four nonsafety-related 6.9-kilovolt (kV)
buses, two nonsafety-related 4.16-kV buses, and two 4.16-kV engineered safety features (ESF) buses.
The two 4.16-kV ESF buses and two of the nonsafety-related 6.9-kV station buses normally are supplied
by one of the two station auxiliary transformers (SATs) connected through one 345-kV offsite circuit. The
remaining two nonsafety-related 6.9-kV station buses and two nonsafety-related 4.16-kV station buses
normally are supplied by one of two unit auxiliary transformers (UATs) when the main generator is online.
On January 30, 2012, Byron Station, Unit 2 experienced an automatic reactor trip from full power
because of an undervoltage condition on two 6.9-kV electrical buses that power reactor coolant pumps
(RCPs) B and C. A broken insulator stack for the phase C conductor on the 345-kV power circuit that
supplies both SATs caused the undervoltage condition. This insulator failure caused the phase C
conductor to break off from the power line disconnect switch, resulting in a phase C open circuit.
Although the break in the power line may have caused phase C to ground, the 345-kV circuit does not
have ground fault protection and the switchyard breakers did not open. After the reactor trip, the two 6.9-
kV buses that power RCPs A and D, which were aligned to the UATSs, automatically transferred to the
SATs, as designed. Because phase C was open circuited, the flow of current on phases A and B
increased and caused all four RCPs to trip on phase overcurrent. With no RCPs functioning, control room
operators performed a natural-circulation cooldown. Even though phase C was open circuited, the SATs
continued to provide power to the 4.16-kV ESF buses A and B because of a design vulnerability this
event revealed. The open circuit created an unbalanced voltage condition (loss of phase) on the two 6.9-
kV nonsafety-related RCP buses and the two 4.16-kV ESF buses. ESF loads remained energized
momentarily, relying on equipment-protective devices to prevent damage from single phasing or an
overcurrent condition. The overload condition caused several safety-related loads to trip. Approximately
8 minutes after the reactor trip, the control room operators diagnosed the loss of phase C condition and
manually tripped breakers to separate the unit buses from the offsite power source. When the SAT feeder
breakers to the two 4.16-kV ESF buses were opened, the loss of ESF bus voltage caused the emergency
diesel generators (EDGs) to automatically start and restore power to the ESF buses. The licensee
declared a Notice of Unusual Event based on the loss of offsite power. The next day, the licensee
completed the switchyard repairs, restored offsite power, and terminated the Notice of Unusual Event.

The licensee reviewed the event and identified design vulnerabilities in the protection scheme for the
4.16-kV ESF buses. The loss-of-voltage relay protection scheme is designed with two undervoltage
relays on each of the two ESF buses. These relays are part of a two-out-of-two trip logic based on the
voltages being monitored between phases A—B and B—C of ESF buses. Even though phase C was open
circuited, the voltage between phases A—B was normal; therefore, the trip logic was not satisfied.
Because the conditions of the two-out-of-two trip logic were not met, no protective trip signals were
generated to automatically separate the ESF buses from the offsite power source.
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Clinten Fowser Station
2401 Pover Road

Clinten, L 81727
U-604100 10 CFR 50.73
October 26, 2012 SRRS 5A.108

U. 8. Nuclear Regulatory Commission
ATTN: Document Contral Desk
Washington, D. C. 20655-0001

Clinton Power Station, Unit 1
Facility Operaling License No. NPF-62

NRC Docket No. 50-461
Subject: Licensee Event Report 2012-001-00

Enclosed is Licensee Event Report (LER) No. 2012-001-00: Loss of Secondary
Containment Differential Pressure Due to Transformer Trip. This report is being submitted in
accordance with the requirements of 10 CFR 50.73.

There are no regulatory commitments contained in this report.

Should you have any questions conceming this report, please contact Ms. Kathy Ann Baker,
Regulatory Assurance Manager, at (217)-937-2800.

Willilam G. Noll
Site Vice President
Clinton Power Station

JLP/bIf
Enclosures: - Licensee Event Report 2012-001-00
cc:  Regional Administrator ~ NRC Region Il!

NRC Senior Resident Inspector — Clinton Power Station
Office of Nuclear Facility Safety — IEMA Division of Nuclear Safety
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ABSTRACT (Limit to 1400 spaces, I.s., approximately 15 single-spaced lypewritten kines)

At 2204 on September 2, 2012, the Emergency Reserve Auxillary Transformer (ERAT) transferred
unexpectedly to the Reserve Auxiliary Transformer, causing a trip of the Fuel Pool Cooling and
Cleanup system pump 'A' and trip of the Fuel Building Ventilation system. Secondary Containment
differential pressure increased above the Technical Specification 0.25 inches vacuum and was restored
at 2219 on September 2, 2012, when the Standby Gas Trealment System was manually started. This
avant Is being reported s a condition that could have prevented the fulfillment of a safety function per
10 CFR 50.73(a)(2){v)(C). The trip of the ERAT was caused by a spurious station ground on one of the
ERAT sudden pressure seal-in relay cards (635PX) caused by a latent design error. The ground
revealed itself when Electrical Maintenance techniclans were performing circuit checks ta determine the
source of a ground indicated on the 125 Volts Direct Current motor control center 1F. A temporary
maodification was implemented to disable the seal-in trip feature of the 635PX relay card.
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Clinton Power Station, Unit 1 05000461 - 2 ©F 4
2012 - Q001 - 00
NARRATIVE

PLANT AND SYSTEM IDENTIFICATION
General Electric -- Boiling Waler Reaclar, 3473 Megawatts Thermal Rated Core Powear
Energy Industry ldentification System (ElIS) codes are identifted in test as [XX].

EVENT IDENTIFICATION
Emergency Reserve Auxiliary Transfarmer Trip and Subsequent Loss of Secondary Containment
Differential Pressure

A. Plant Operating Conditions Before the Event

Unit: 1 - Ewvent Date: 9/2/2012 Event Time: 2204 hours CDT
Mode: 1 Mode Name: Power Operation Reactor Power: 97 percent

B. DESCRIPTION OF EVENT

On September 1 and 2, 2012, Clinton Pewer Station (CPS) experienced significant precipitation (rain).
Parily due to the rain, a hard ground alarm [ALM] was received on Direct Current {DC) Mator Control
Center [MCC] 1F. To determine the location of the ground, station Electrical Maintenance technicians
conducted ground faull tracing using a DC Scout ground test device.

At 2204 on September 2, 2012, when the DC Scout device was connected betwaen the Balance of
Piant (BOP) 125 Volts DC (VDC) battery [BTRY] 1F and station ground, the Emergency Reserve
Augiliary Transformer (ERAT) [XFMR] sudden pressure seal-in relay [RLY] (63SPX} sealed in causing
both the ERAT and ERAT Static Var Compensator (SVC) to trip.

Immediately following the trip, the ERAT deluge system actuated and fire pumps [P] 'A' and ‘B’ started.
Safety related 4160 kV Bus [BUJ 1A1, which had been powered from the EBAT, momentarily lost
power and transfarred to the Reserve Auxiliary Transformer (RAT). Due to the momentary loss of
power to Bus 1A1, Fuel Building Ventilation [VG] lost power and its dampers [DMP] closed causing a
loss of Secondary Containment differential pressure. Secondary Containment differential pressure
increased above the 0.25 inches vacuum required by Technical Specification (TS) 3.6.4.1, Secondary
Containment. Due to high secondary containment differential pressure, operators entered Emergency
Operating Procedure {ECP) - 8, Secondary Containment Contral. Fuel Pool Cooling and Cleanup
[DA] system pump 'A’ tripped, causing the upper containment pool level to drop. However, upper
containment pool level did not drop below the minimum level required by plant TS 3.6.2.4,
Suppression Pool Makeup System. The Drywell fission product monitor [MON] required by TS 3.4.7,
Reactor Coolant System Leakage Detection Instrumentation, isolated. Main Control Room Ventilation
[VI)'A’ chillor [CHU] shut down. Dilesel Generator {[DG] Vent Qit Room 1A Exhaust Fan [FAN] lost
power. Several radiatlon monitors momentarily lost power and were declared Inoperable,

Secondary Containment differential pressure was restored at 2219 on September 2, 2012, when the
Standby Gas Treatment System SGTS [BH] was manually started and operators exited EOP - B at
2238 on September 2, 2012. The fission product monitor was restored by 2309 on September 2,
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2012, within the 30 day TS completion time. The Main Control Room Ventilation ‘A’ Chiller was
restarted at 2237. The DG Vent Oil Room 1A Fan was restarted at 0104 on September 3, 2012.

Since the secondary containment differential pressure was greater than the TS required pressure, lhis
event was reported (Event Number: 48269} on September 3, 2012, at 0417 as a condition that could
have prevented the fulfiliment of a safety function per 10 CFR 50.72(b)(3)(v}(C).

Corrective action program Issue Heport 1408282 was initiated to evaluate this event.

A review of the ERAT trip and of the 1A1 Bus fed breaker logic indicates that the DC Scout signal
used during ground fault tracing actuated the sudden pressure relay logic which then actuated the
lockout relays.  One lockout relay specifically blocks the synchro-verifier relay logic, thus blocking a
fast transfer. This resulted in an automatic slow 1A1 bus transfer from the ERAT to the RAT. The
slow transfer resulted in the momentary loss of powar on the 1A1 bus and all downstream loads,

During troubleshooting activities for this event, a Jatent design error was identified on seal-in relays
635PX and 63FPX. Both relays are Qualitrol Model 909-200-01 AC/DC Sealn Relays with 125 VDC
supply power. The latent design error is a ground wire installed on terminal 18 of the relay. The
current vendor manual information states that terminal 13 should not be connected to earth ground
when a DC power supply Is used. The vendor has acknowledged that spurious operation can occur
when this device is used with DC supply power and a ground on terminal 13. All indications show that
the latent error has existed since original transfarmer construction at the factory in 1998, The current
ERAT was received and installed in 1298,

C. CAUSE OF EVENT

The cause of this event was due to a latent design error that involved the wiring of terminal 13 1o
ground for the sudden pressure seal-in relay cards (63SPX). Updated vendor manual infarmation
slates that terminal 13 should not be connected to sarth ground when a DC power supply is used,
The refay manufacturer has acknowledged that spurious operation can oceur when this device is used
with DC supply power and a ground on terminal 13, The latent error has existed since original
transformer construction at the factory.

D. SAFETY CONSEQUENCES

Thare were no actual nuclear safety consequences related to this event. This event resulted in the loss
of secondary contalnment for approximately 15 minutes, from 2204 to 2219 on September 2, 2012 due
to loss of power to the Fue! Building ventilation system and dampers closing. Secondary Containment
differenlial pressure was greater than the 0.25 inches vacuum required by TS 3.6.4.1. The SGTS was
manually started during this pericd and differential pressure was restored to within limits. The SGTS
initiates automatically when conditions indicate a release of radioactive material or a loss of coolant
accident to ensure that any radioactive materials that leak from the Primary Containment Into the
Secondary Containment following an accident are filtered by SGTS prior to release to the environment.
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This event is considered to be reportable as a loss of safety function under 50.72{b){3)(v}(C) and
50.73(a){2}(V)(C) as an event or condition that could have prevented the fulfiliment of the safsty
function of structures or systems that are needed to control the release of radioaclive material.

E. CORRECTIVE ACTIONS

A Temporary Modification under Engineering Change (EC) 390386 was implemented to disable the
635PX {Qualitro! Mode! No. 909-200-01) Irip function and remove the ground connection from terminal
13 on the seal-in relays {63SPX and 63FPX). The trip function of the 63SPX refay can be restored
during the next ERAT maintenance outage. Based an these actions the risk of an invalid ERAT trip
has been mitigated.

F. PREVIOUS OCCURRENCES

12/18/2001 - ERAT TRIP - The ERAT and ERAT SVC tripped {with deluge). A Root Cause
investigation was performed. The cause of the trip was an internal fault. The cause for the internal
fault on the ERAT was a gradual localized breakdown of the insulating oil due to corona discharge
from the spliced HV lead. The controlfer cards, seal-in relays, etc., were not mentioned as contributing
faclors and no speciffc issues with the seal-in relays were documented.

3/02/2002 - ERAT TRIP - The ERAT and ERAT SVC tripped (with deluge). The cause of the trip was
determined to be a wet sealkin relay card, The control cabinet contained gaps that allowed rain and
subsequent deluge water to enter the cabinet. A Work Request was issued 1o seal the ERAT control
cabinet.

G. COMPONENT FAILURE DATA

Manufacturer Nomenclature Manufacturer Model Number
Qualitral Corporation Sudden pressure 909-200-01

Seal-in relay

(63SPX)
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Clinton Unit 1 2013-12-08 8:36 PM #308766

Failure of a Dry Type Transformer Results in a Loss of Power to Division 1 Vital 480VAC
Buses and Plant Shutdown

Significance: Noteworthy - Consequential

This event is Noteworthy because the reactor was manually scrammed following a loss of instrument air
to the containment and scram pilot air header following a transformer fault. It is Consequential because
it resulted in lost generation.

Abstract:

Failure of a 4kV/480V dry type transformer caused a loss of power to Division 1 480V buses and resulted
in a manual plant shutdown. The most probable cause of the transformer failure is a turn to turn failure
of the high side windings due to insulation breakdown over time.

Event Summary:

On 12/08/2013 while Clinton Power Station (CPS) operating at rated electrical power, a fault on 0APO5E2
transformer inside Division (Div) 1 480V switchgear panel caused the upstream 4kV circuit breaker
(1APQ7EJ) to trip open on instantaneous overcurrent and resulted in a loss of power to Div 1 480V A and
Al buses fed by 1AP07E] circuit breaker. The plant was manually shut down due to loss of instrument air
to the containment and scram pilot air header after Div 1 containment instrument air valves had closed
upon a loss of power to the solenoid valves. The failed transformer was inspected and found having
damage to the A and B phase windings. There was no sign of tracking on the high voltage terminations
or lightning arrestors. An Engineering Change (EC 396366) was developed to utilize a spare transformer
in cabinet 0APO5E?Y at the other end of the panel. Maintenance personnel performed necessary work to
transfer leads, cables, conduit, etc. from the 0APO5E2 transformer to the OAPO5E7 transformer. After the
O0APO5E7 transformer was energized, the station restored Div 1 480V buses to service and restarted the
unit. (IR 1594407)

Cause Summary:

A definitive root cause cannot be determined until the failed transformer is removed and a failure
analysis is completed. Based on the visual inspection and discussion with ABB, the most probable cause
of the transformer failure is a turn to turn failure of the high side windings due to insulation breakdown
over time.

Corrective Action Summary:

Corrective Action Summary:

The 1APQ7E] circuit breaker was thoroughly inspected and tested to verify it was not damaged by the
fault.

The protective relays were calibrated and verified to operate correctly.

A spare dry type transformer in cabinet OAPO5E7 at the other end of the panel was utilized after it was
inspected and tested with acceptable results to replace the failed transformer.

A Special Plant Condition (SPC) action has been created to track the removal of the failed transformer
and failure analysis.
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OPEX - ICES #311418 — (HU Event) Inadvertent Trip of Condensate Booster Pump

Browns Ferry Unit 2 2014-04-11 10:41 PM #311418

Inadvertent Trip of Condensate Booster Pump Breaker
Significance: Noteworthy - Consequential

This event is Noteworthy because a human performance error resulted in a the tripping of an in-service
condensate booster pump. It is Consequential because a power reduction was required to restore the
pump to service.

Abstract:

While attempting to rack out the 2B Condenser Circulating Water (CCW) Pump breaker the 2B
Condensate Booster Pump (CBP) breaker was tripped resulting in a potential personnel injury due to
opening a 4KV Breaker under load. The cause was determined to be ineffective use of human
performance tools self check and flagging. The consequence was the condensate booster pump was
tripped and reactor power had to be reduced to 94% in order to place the pump back in-service.

Event Summary:

The 2B Condenser Cooling Water (CCW) Pump was being restored after traveling water screen
maintenance. When the 2B CCW pump handswitch (HS) was taken to start, the pump did not start due
to the feeder breaker failing to close. The Unit 2 (U2) Turbine Building (TB) Assistant Unit Operator
(AUO) was directed to inspect the breaker for any abnormal indications such as relay flags, etc, that
could have prevented the breaker from operating. The inspection revealed no indications that would
have prevented the 2B CCW pump breaker from closing. The Outside AUO was notified to inspect for any
abnormal conditions locally at the 2B CCW pump. The Outside AUO reported back that all conditions
were normal. The U2 TB AUO was directed to rack the 2B CCW Pump breaker out and inspect the
breaker, fuses and to perform a test of the breaker. The U2 TB AUO obtained the procedure, safety
equipment and a peer check and proceeded to perform the breaker rack out operation.

Once personnel and equipment were at the breaker location, the U2 TB AUO and peer checker
commenced the breaker rack out procedure (0-GOI-300-2 section 5.27 Siemens 4160V horizontal Rack-
out). The operators identified the correct breaker on the board. The U2 TB AUO had used the upper
cabinet door as a technique in the past to flag a breaker which was about to be manipulated, but
‘mistakenly shut the door as the peer checker began setting up the safety boundary. The U2 TB AUO
turned around and made a phone call to the control room to let them know that he would be racking out
the 2B CCW pump breaker and then donned the 100 calorie coveralls (arc flash suit) including the hood
(with dark face shield) over his head. The operators hearing was impaired by the hood and hearing
protection combined with an elevated noise level due to its proximity to the bus duct cooling fan. The
breaker racking tool was on the floor in front of the 2B CBP breaker (next to the 2B CCW Pump Breaker).
The U2 TB AUO went to the breaker that was in front of the breaker racking tool and began performing
the procedure. The peer checker, who was stationed at the required position outside the flash zone, saw
the performer addressing the incorrect breaker, but was unable to gain the attention of the performer of
the performer. The 2B CBP tripped when the shutter was opened on the breaker to insert the racking
tool. When the breaker was racked to the test position, the U2 TB AUO removed the hood and saw that
he was on the 2B Condensate booster pump breaker. The AUOs immediately called the control room to
let them know. Reactor power, pressure, and level did not change.
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Cause Summary:

Apparent Cause: Ineffective use of human performance tools self check and flagging.

Contributing Cause: Failure to establish a consistent peer check / robust flagging method to use during
breaker racking operations on medium voltage (and greater) switchgears and communicate the
expectation for use of the method to the operators

Corrective Action Summary:

Develop a Training Needs Analysis (TNA) to determine the need to train the operators on acceptable
techniques when racking switchgears once a consistent method of implementation has been developed.

Develop a consistent peer check / robust flagging method to use during breaker racking operations on
medium voltage (and greater) switchgears and communicate the expectation for the use of the method
to the operators.

Incorporate the consistent peer check / robust flagging method to use during breaker racking operations
on medium voltage (and greater) switchgears into General Operating Instruction 0-GOI-300-2, Electrical,
to maintain sustainability of the method.

Obtain switchgear flagging tools and evaluate for implementation of the best tool.

Conduct a review of industry options for an Arc Flash transition lens for the 100 cal suit hood that could
be used at BFN to improve visibility when in use.

Conduct a review of 0-GOI-300-2, Electrical, to identify procedural enhancements to improve peer check
order.

Perform Flagging Observation Blitz and Trending.
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OPEX — CPS LER 2017-002-01 Failure of the Division 1 Diesel Generator Ventilation Fan Load
Sequence Circuit During Concurrent Maintenance of RHR Division 2 Results in an
Unanalyzed Condition
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