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By letter dated August 12, 2011 (Reference 1), Tennessee Valley Authority (TVA) provided a
response to NUREG-0847, Supplement 22, “Safety Evaluation Report Related to the
Operation of Watts Bar Nuclear Plant, Unit 2,” Appendix HH, Open Item 30.

By letter dated June 7, 2012 (Reference 2), TVA submitted updated information related to the
offsite and onsite power system degraded voltage studies for safety-related electrical
equipment. This submittal included excerpts from STUDY-EEB-WBN-12-001, “Sensitivity
Study of Degraded Voltage Relay (DVR) Protection During Motor Starting,” Revision 1. The
information provided in Reference 2 demonstrated the impact of using a methodology
meeting the intent of the guidance provided in Nuclear Regulatory Commission (NRC)
Regulatory Issue Summary (RIS) 2011-12, “Adequacy of station Electrical Distribution
System Voltages,” Revision 1 (Reference 3).

On February 27, 2014, TVA received additional requests for information related to open
phase and NUREG-0847, Open Item 30 (Reference 4), including questions associated with
Watts Bar Nuclear Plant (WBN), Unit 2 Final Safety Analysis Report (FSAR) Section 8.3.
The responses to these requests for additional information (RAIs) are included in this
transmittal as Enclosure 1.

On April 24, 2014, the NRC conducted a public meeting with members of TVA (Reference
5). The purpose of the meeting was to discuss the status of electrical open items resulting
from the NRC review of the FSAR for WBN Unit 2.

TVA addressed a non-cited violation (NCV) identified in Reference 6 by performing a motor
starting analysis in the calculation of record at the DVR dropout analytical limit as opposed
to the DVR reset. The analysis is provided in Appendix H of Enclosure 2.

Enclosure 1 to this letter also provides the TVA response to the information requested at the
April 24, 2014 public meeting, including responses to the RAIs received in Reference 4.
Enclosure 2 provides a copy of the Sensitivity Study of Degraded Voltage Relay (DVR)
Protection During Motor Starting, Revision 2, performed by TVA to address the additional
concerns with the DVR protection scheme at WBN.

Please address any questions regarding this submittal to Gordon Arent at (423) 365-2004.

| declare under penalty of perjury that the foregoing is true and correct. Executed on the
13th day of June 2014.

)

Enclosures
cc. See Page 2



ENCLOSURE 1

TENNESSEE VALLEY AUTHORITY
RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION FOR FSAR SECTION 8.3
ELECTRICAL OPEN ITEMS (TAC NO. ME2731)



1.0

2.0

DESCRIPTION

This enclosure provides information related to degraded voltage protection at Watts
Bar Nuclear Plant (WBN). The enclosure provides an overview of the licensing
correspondence regarding degraded voltage as it applies to WBN Unit 2 licensing,
findings, and remedial actions taken as a result of Nuclear Regulatory Commission
(NRC) inspections of degraded voltage relays (DVRSs).

BACKGROUND

TVA has performed calculations to evaluate and document the adequacy of the WBN
auxiliary power system for two unit operation. Calculation WBN-EEB-EDQO000-999-
2007-0002, “AC Auxiliary Power System Analysis,” (Reference 1) verifies that
adequate voltage is available for starting safety-related motors (individually) under
degraded voltage conditions. Calculation WBN-EEB-MS-TI06-0029, “Degraded
Voltage Analysis,” (Reference 2) demonstrates that the WBN auxiliary power system
complies with NRC Branch Technical Position PSB-1, establishes the basis for the
degraded and loss of voltage relay setpoints and their associated time delays,
ensures that the voltage level is adequate to allow required safety-related electrical
equipment and devices to successfully complete their safety function, and ensures
that the duration of the degraded voltage at a given voltage level does not result in
thermal degradation or damage of the equipment. TVA Calculation
EDQ00299920080003, “Class 1E MCC Control Circuit Voltage Analysis and
Transformer Sizing,” (Reference 3) and Calculation WBNEEBMSTI020020, “120V AC
Class 1E Distribution Panel and Transformer Sizing and Voltage Drop Calculation,”
(Reference 4) evaluate the control circuits of the Class 1E loads to determine if the
circuits will operate adequately, as intended under worst-case voltage drop conditions.
In addition, TVA has performed STUDY-EEB-WBN-12-001, “Degraded Voltage Relay
(DVR) Protection During Motor Starting,” (Reference 5) to evaluate whether the
existing DVR setpoint provides the minimum required voltages at the terminals of the
Class 1E loads during motor starting (automatic start during a design basis event or
individually) while still connected to the preferred offsite power source. A copy of
STUDY-EEB-WBN-12-001, Revision 2 is provided in Enclosure 2.

In 2010, two independent but related events resulted in DVR settings at WBN
requiring additional evaluation. First, NRC inspections (References 6 and 7)
conducted at WBN identified conditions where the DVR setpoint value in the
calculation of record was non-conservative with respect to the voltage specified in
Technical Specifications (TS). Secondly, TVA submitted WBN Unit 2 Final Safety
Analysis Report (FSAR) amendments addressing Section 8, “Electric Power.”

On January 28, 2011, TVA received a non-cited violation (NCV) of low safety
significance regarding the failure to use the DVR setpoint values specified in TS and
configured in the 6.9 kV bus based on the electrical design calculation (Reference 6).
The NRC concluded that the availability, reliability and operability of the 6.9 kV safety
buses was impacted due to a non-conservative degraded voltage input being used in
the safety related motor start and running calculations.

On January 31, 2011, the NRC issued NUREG-0847, Supplement 22, "Safety
Evaluation Report, Related to the Operation of Watts Bar Nuclear Plant, Unit 2,”
Supplement 22, Appendix HH. Appendix HH contained Open Item 30, stating:
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TVA should confirm that all safety-related equipment (in addition to
the Class 1E motors) will have adequate starting and running voltage
at the most limiting safety-related components (such as motor-
operated valves (MOVs), contactors, solenoid valves or relays) at the
DVR setpoint dropout setting. TVA should also confirm that (1) the
motor starting transient studies are based on the dropout voltage
value of DVR and time delay, (2) the steady-state voltage drop studies
are carried out by maximizing running loads on the Class 1E
distribution system (bounding combination of safety systems loads),
with the voltage at 6.9 kV Class 1E buses (monitored by the DVRs) at
or just above the DVR dropout setting, and (3) the DVR settings do
not credit any equipment operation (such as LTC transformers)
upstream of the 6.9-kV Class 1E buses. TVA should also confirm that
the final technical specifications (TSs) are properly derived from these
analytical values for the degraded voltage settings.

By letter dated August 12, 2011 (Reference 8), TVA provided a response to
NUREG-0847, Supplement 22, Appendix HH, Open Item 30. In the enclosure to the
letter, and in response to Open Item 30, TVA informed the NRC that it had performed
a motor-starting transient study assuming the 6.9 kV Shutdown Boards were
maintained at the DVR dropout setting and applied the worst-case accident block-start
loading (bounding combination of safety system loads). Additionally, the response
indicated that the analysis did not credit any non-Class 1E equipment upstream of the
6.9 kV Class 1E buses (such as automatic load tap changers (LTCs) or
administratively controlled grid capacity). TVA confirmed that the Class 1E motors
required to start and mitigate an accident would have adequate voltage.

On June 7, 2012, TVA submitted updated information related to the offsite and onsite
power system degraded voltage studies for safety-related electrical equipment
(Reference 9). In Reference 9, TVA submitted excerpts from the Reference 5
sensitivity study of motor starting relative to the existing DVR setpoint. The purpose
of the study was to address issues concerning DVR protection at WBN as
documented in 1) NRC NCV 05000390/2010005-003, “Failure to use Worst Case
6900 VAC Bus Voltage in design calculations,” 2) NUREG-0847, Supplement 22,
“Safety Evaluation Report Related to the Operation of Watts Bar Nuclear Plant, Unit
2,” Appendix HH, Open Item 30, and 3) recent regulatory developments in the industry
with respect to DVR protection and analysis including RIS 2011-12. The study was
performed for both WBN Unit 1 and Unit 2.

Subsequently, on February 27, 2014, TVA received a request for additional
information (RAI) via NRC Electronic Mail (Reference 10) related to certain aspects of
the degraded voltage methodology used at WBN. Responses to these RAls are
provided in Section 3.0 of this enclosure.

On April 24, 2014, the NRC staff conducted a public meeting with members of TVA
(Reference 11). The purpose of the meeting was to discuss the status of electrical
open items resulting from the NRC review of the FSAR for WBN Unit 2 including the
previous correspondence and the February 27, 2014 RAls. The meeting allowed TVA
to present the history of the regulatory guidance/industry events/actions implemented
at WBN with regards to degraded voltage, highlights of the analysis performed by TVA
on loss of voltage (LOV) and DVR settings, aspects of the TVA conformance with
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Branch Technical Position PSB-1, and highlights of the TVA response to SSER Open
Item 30.

3.0 RESPONSES TO REQUESTS FOR ADDITIONAL INFORMATION

By email dated February 27, 2014, the NRC forwarded a request for additional information.
The NRC stated questions and TVA'’s responses are presented below.

NRC Request for Additional Information

The staff of the Electrical Engineering Branch (EEEB) of the Division of Engineering has
previously requested information on open items associated with NUREG-0847,
“Supplemental Safety Evaluation Report (SSER) Related to the Operation of Watts Bar
Nuclear Plant, Unit 2.” In order to complete the review and close these items, the staff
requests additional information from the licensee, as described below:

BACKGROUND

In letter dated June 7, 2012, the Tennessee Valley Authority (TVA) provided a response to
Open Item 30 (power system degraded voltage) with respect to SSER, Appendix HH.

The response states that the methodology used in the study was developed to meet the
intent of Regulatory Issue Summary (RIS) 2011-12, “Adequacy of Station Electrical
Distribution System Voltages”.

The RIS states, “The licensee’s voltage calculations should provide the basis for proper
operation of the plant safety-related electrical distribution system, when supplied from the
offsite circuit(s) (from the transmission network). (emphasis added) These calculations
should demonstrate that the voltage requirements (both starting and running voltages) of all
plant safety-related systems and components are satisfied based on operation of the
transmission system (including the bounding transmission system single contingency in terms
of voltage drop) and the plant onsite electric power system during all operating configurations
of transmission network and plant systems.”

The TVA response states that to perform the analysis, the 6.9 kV shutdown boards were
disconnected from all offsite power source(s) and a dedicated fixed voltage source was
added to each 6.9 kV shutdown board (6.9 kV shutdown board was used as a swing bus).
The source voltage was set to the degraded voltage relay (DVR) analytical dropout limit of
6555 V.

RAI QUESTION 1

Based on the above statements:

a) Please explain how disconnecting the shutdown boards from offsite power source(s)
meets the intent of guidance provided in the RIS section cited above.

b) Please explain how the voltage drop through station services transformers (CSST A,
B, C and D) is accounted for during block starting or sequential starting of emergency
loads in the analyses provided.



c) If the shutdown bus is considered a ‘dedicated fixed voltage source’ or a swing bus,
then please confirm that the calculation process assumes the swing bus to be an
infinite source of real and reactive power. If not, provide basis for the assumption
used.

d) From bus voltage perspective, discuss how this simulation depicts the dynamic
response capabilities of the shutdown boards compared to the real and reactive
power demand of motor starts postulated during accident conditions with offsite
source(s) supplying power through CSST A, B, C and D including all worst-case
operating and loading configurations.

TVA Response

During discussions between the NRC and TVA at the April 24, 2014 public meeting, the NRC
accepted the study case information presented by TVA and clarified that a response to
Question 1 was no longer required. Enclosure 2, Appendix H includes the study cases
presented and discussed during the April 24, 2014 public meeting.

RAI QUESTION 2

The analyses states that for contactors, relays and solenoid valves, adequacy of pickup
voltage was performed as part of the Control Circuit Voltage Drop (CCVD) analysis. This
analysis was performed considering a steady state minimum voltage of 432V at the motor
control center (MCC) bus. Please confirm that 432V is the minimum voltage required for
operability of all equipment (minimum voltage required at component terminal) with nominal
operating voltage of 480V and lower (230/120V) voltage systems supplied from the 480V
system.

TVA Response

432 V at the 480V AC Shutdown Boards and MCCs, ensures that the safety-related
equipment connected to the Class 1E system is capable of performing their intended function.
TVA'’s analysis of this is contained in Calculations EDQ00299920080003, “Class 1E MCC
Control Circuit Voltage Analysis and Transformer Sizing,” (Reference 3) and
WBNEEBMSTI020020, “120V AC Class 1E Distribution Panel and Transformer Sizing and
Voltage Drop Calculation,” (Reference 4).

RAI QUESTION 3

The analyses states that the MCC transient bus voltage under degraded voltage conditions
(at DVR dropout voltage of 6555V) drops below 432V due to starting of large motors on the
480V switchgear and recovers to a value of >432V within 4 seconds. Please confirm that the
duration and magnitude of voltage drop and recovery during block starting of all safety related
loads and sequenced start of loads remains within the acceptable range without actuating
any protective devices (accident analyses perspective) if the 6.9kV busses remain connected
to the 161kV offsite power source through the CSSTs.

TVA Response

The magnitude and duration of the < 4 second dip below 432V is acceptable for all equipment
as discussed in TVA Calculation WBN-EEB-EDQO000-999-2007-0002, “AC Auxiliary Power
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Systems Analysis,” and does not actuate any protective device, as discussed in TVA
Calculation WBN-EEB-MS-T106-0029, “Degraded Voltage Analysis.”

RAI QUESTION 4

Calculation Number WBN-EEB-EDQO000-999-2007-0002 1 submitted in response to
preliminary request for additional information regarding Unit 2 licensing process states the
following:

“One 161 kV transmission line and CSSTs A and D, or the other transmission line and
CSSTs B and C, shall be capable of starting and running all required safety-related
loads and powering all running BOP loads for a design basis accident in one unit and
orderly shutdown of the other unit. The analysis for the Class 1 E power system shall
evaluate all equipment that is started by a safety injection signal (SIS) as starting at
the same time unless the load's control circuitry has sequential time delay, and that all
continuous loads that could be operating as required by the process, whether safety-
related or not, are running. The analyses in this calculation evaluate the starting of
the equipment required to mitigate an accident in accordance with the above
requirements for one Unit and simultaneous orderly shutdown of the other unit. The
worst case bases for this evaluation is assuming a 161 kV grid pre-event voltage of
164KV and a subsequent 161 kV grid drop of 9kV at event initiation resulting in a post
event 161kV grid voltage of 153kV. The analyses shows that all equipment required
to start to mitigate an accident receive adequate starting voltage within the time period
(5 seconds) of Reference 2.16 for the cases when both CSST C and D are available
and also when only one CSST (either C or D) is available.”

Enclosure 1 attached to TVA letter dated July 31, 2010, provided similar information
(reference pages E1-63 and 64) regarding the capability of the electrical power system
described in FSAR Section 8.1. Please clarify that the impact of the voltage drop in the
161kV system coupled with the voltage drop in CSSTs during block loading of accident loads
is accounted for in the degraded voltage relay setpoint calculation performed in accordance
with the recommendations of RIS 2011-12.

TVA Response

During discussions between the NRC and TVA at the April 24, 2014 public meeting, the NRC
accepted the study case information presented by TVA and clarified that a response to
Question 4 was no longer required. Enclosure 2, Appendix H includes the study cases
presented and discussed during the April 24, 2014 public meeting.

RAI QUESTION 5

1) In response to NRC letter dated December 20, 2013, for resolving open phase condition
(OPC) design vulnerability within electric system at Watts Bar 2, TVA stated that:

Vulnerability studies of the OPC faults have been completed for WBN and additional
operator meetings are being scheduled to communicate the results. For the analyzed
configurations, the vulnerability studies showed existing protection automatically
actuates and provides protection to the Class-1E system for grounded open phase
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conditions. Vulnerability to an ungrounded open phase condition has been identified
for some analyzed configurations.

The TVA nuclear fleet has endorsed the generic schedule provided in the Industry
OPC Initiative.

To resolve the OPC design vulnerability at Watts Bar 2, staff requests that TVA provide
design features and analyses information in the Final Safety Analysis Report to automatically
detect and alarm in the main control room for OPC with and without a high impedance ground
condition including two open phase condition on the high voltage side of a transformer
connecting a credited GDC-17 offsite power circuit to the transmission system. For OPC,
automatic detection and actuation circuits will transfer loads required to mitigate postulated
accidents to an alternate power source and ensure that safety functions are preserved, as
required by the current licensing bases. The OPC should be sensitive enough to identify an
open phase condition under all operating electrical system configurations and loading
conditions for which they are required to be operable and. should minimize misoperation,
maloperation, and spurious actuation. In addition, the staff requests TVA to address the
limiting conditions of operation and surveillance requirements that must be added to the plant
Technical Specifications to meet the provisions of 10CFR50.36 (c) (2) and ¢(3).

The above information is required from TVA for staff to reach the necessary safety conclusion
that the electrical power system for Watts Bar Unit 2 design meets the 10 CFR Part 50,
Appendix A, GDC 17, 10 CFR 50.55a(h)(2), and 10 CFR 50.36 requirements with respect to
addressing electric power system design vulnerability due to OPC which could affect the
safety functions of both onsite and offsite power systems.

TVA Response

As requested by the NRC staff during discussions with TVA on June 4, 2014, the response to
Question 5 is being provided in a separate transmittal.

4.0 Non-cited Violation (NCV) 05000390/2010005-003

On January 28, 2011, TVA received a NCV of low safety significance (green) regarding the
failure to use the DVR setpoint values specified in TS and configured in the 6.9 kV bus based
on the electrical design calculation (Reference 6). The NRC concluded that the availability,
reliability and operability of the 6.9 kV safety buses was impacted due to a non-conservative
degraded voltage input being used in the safety related motor start and running calculations.

TVA STUDY-EEB-WBN-12-001, “Sensitivity Study of Degraded Voltage Relay (DVR)
Protection During Motor Starting,” (Reference 5) evaluates whether the DVR setpoint
provides the minimum required voltages at the terminals of the Class 1E loads during motor
starting (automatic start during a design basis event or individually) while still connected to
the preferred offsite power source. The study concludes that adequate starting voltage is
available to each Class 1E load when the 6.9 kV Shutdown Boards are at the DVR dropout
setpoint for the following cases: 1) during a design basis event (all Class 1E loads that are
automatically actuated for a safety injection (Sl) signal), and 2) when individually starting a
motor (all Class 1E loads, even if not Sl actuated). Therefore, the existing DVR setpoints are
adequate.

A copy of the study is provided in Enclosure 2 to address issues concerning DVR protection
at WBN as documented in NRC NCV 05000390/2010005-003.

E1-7



References

1.

10.

11.

TVA Calculation WBN-EEB-EDQO000-999-2007-0002, AC Auxiliary Power Systems
Analysis, Revision 38, May 28, 2014

TVA Calculation WBN-EEB-MS-T106-0029, Degraded Voltage Analysis, Revision 36,
March 13, 2014

TVA Calculation EDQ00299920080003, “Class 1E MCC Control Circuit Voltage
Analysis and Transformer Sizing,” Revision 10, dated February 1, 2014

TVA Calculation WBNEEBMSTI1020020, “120V AC Class 1E Distribution Panel and
Transformer Sizing and Voltage Drop Calculation,” Revision 15, dated August 3, 2011

TVA STUDY-EEB-WBN-12-001, Degraded Voltage Relay (DVR) Protection During
Motor Starting, Revision 001

Letter from NRC to TVA, “Watts Bar Nuclear Plant - NRC Integrated Inspection Report
05000390/2010005,” dated January 28, 2011

Letter from NRC to TVA, “Watts Bar Nuclear Plant - NRC Component Design Bases
Inspection - Inspection Report 05000390/2010006,” dated June 11, 2010
[ML101620543]

Letter from TVA to NRC, “Watts Bar Nuclear Plant (WBN) Unit 2 - Safety Evaluation
Report Supplement 22 (SSER22) - Response to NRC Required Action Item,” dated
August 12, 2011 [ML11229A020]

Letter from TVA to NRC, “Watts Bar Nuclear Plant, Unit 2 - NUREG-0847
Supplemental Safety Evaluation Report (SSER) Related to the Operation of Watts Bar
Nuclear Plant, Unit 2, Appendix HH Open Item 30 - Power System Degraded
Voltage,” dated June 7, 2012 [ML12160A350]

NRC Electronic Mail (email) from Siva Lingam to Gordon Arent, on Watts Bar 2 -
Open Phase and Open Item 30 RAls, dated February 27, 2014

Summary of April 24, 2014 Meeting with Tennessee Valley Authority Regarding Watts
Bar Nuclear Plant, Unit 2, Open Item for Licensing, May 29, 2014 [ML14118A201]



ENCLOSURE 2
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and forms. This study determines the impact, if any, to the plant if a new degraded voltage methodology is

implemented.

Special Requirements/Limiting Conditions: None
Successor Calculations: None
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1.0 Purpose

1.1

2.0

The purpose of this siudy is to address the issues concernihg degraded voltage relay (DVR) protection at WBN as
documented in:

—

. WBN NCV 05000390/2010005-003 “Failure to Use Worst Case 6900 VAC Bus Voliage in Design Calculations”
. Watts Bar (WBN) Unit 2 NUREG-0847, Supplement 22, RAI ltem 30

. Recent regulatory developments in the industry with respect to DVR protection and analysis including NRC
Regulatory [ssue Summary (RIS) 2011-12, “Adequacy of Station Electrical Distribution System Voltages”

4. Additional NRC comments received in public meeting

These issues can be summarized as the need to determine if the DVR setpoint provides the minimum required
voltages at the terminals of the Class 1E loads during motor starting (automatic starting during a design basis event
or individually) while stifl connected to the preferred offsite power source.

Currently, the DVR analytical limit is determined by the Degraded Voltage Analysis calculation {Ref. 2.1}, using
methodology consistent with industry standard IEEE Std. 741-1997 and station licensing basis. The DVR setpoint
methodology has not previously considered motor starting voltage as a basis of the relay setpoint. This study is
being performed as a sensitivity study to see the impact to the setpoint and/or plant response if the current
methodology is changed.

W N

Scope

This study determines if adequate starting voltage is available to each Class 1E load when the 6.9kV Shutdown
Boards are at the DVR dropout setpoint {(analytical limit} for the following cases:

« During a design basis event (DBE}): all Class 1E loads that are automatically actuated for a safety injection signal
{5l-Phase A or SI-Fhase B).

» When individually starting a motor (single mator start): all Class 1E loads, even if not Sl-actuated.

This study will also show that for a degraded voltage condition’, overcurrent protective devices associated with Class
1E loads will not trip during Sl-actuated moior starting and subsequent start on the emergency diesel generator.

This analysis is perfarmed for both Unit 1 and Unit 2.

References

21 Calculation WBNEEBMSTI060029, Revision 33 “Degraded Voltage Analysis”
22 Calculation EDQ00099920070002, R37, “AC Auxiliary Power System Analysis (dual unit operation)”
2.3 Calculation WBNEEBEDQ1999010001, R75, “AC Auxiliary Power System Analysis”

24 NRC Regulatory lssue Summary (RIS) 2011-12, Revision 1, “Adequacy of Station Electrical Distribution
System Voltages"

2.5 Watts Bar (WBN) Unit 1 NCV 05000390/2010005-03, “Failure to Use Worst Case 6900 VAC Bus Voltage in
Design Calculations”

2.6 Watis Bar (WBN} Unit 2 NUREG-0847, Supplement 22, “Safety Evaluation Report Related to the operation of
Watts Bar Nuclear Plant, Unit 2°, RA! ltem 30

2.7  Calculation WBNEEBMSTIOB80010, R76, “Auxiliary Power System Analysis on 1E Buses” (Historical
Reference)

A degraded veltage condition is when the 6.8kV Shutdown Board voltage drops below the DVR setpaint, but not below the loss of voltage (LOV)
setpoint, and does not recover.
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2.8 Calculation WBPE2119202001, R8, "6.9kV Shutdown Logic Boards Undervoltage Relays

3.0

2.9

210
2.1
212

2.13

Requirements/Demonstrated Accuracy Calculation”

Limitorque Maintenance Update 92-2 (RIMS 133930113 803) - Extract from Design Guide DG-E2.4.6
TVA General Engineering Specification DS-E9.4.1, R1, Selection and Specifications of Motors

NEMA MG-1-1998, Motors and Generators

PER 298321

Calculation EDX-000-999-2004-0002, R3, TSS Grid Voltage Study of WBN's Offsite Power System

Bases/Assumptions

3.1
32

3.3
3.4

35

The DVR dropout analytical limit (6555Y) as determined in the Degraded Voltage Analysis calculation
(Ref. 2.1) will be used to determine the available starting voltage.

The ETAP mode! used to perform offsite power analysis for dual unit operation (Ref. 2.2) is used to perform
the motor starting analysis.

All process controlled loads (random loads) are conservatively considered to start at zero seconds in a DBE.

The Phase A Start Sequence evaluates a Safety Injection Initiation without receipt of a Phase B Containment
[solation (High Containment Prassure). The Phase B Start Sequence evaluates a Safety Injection Initiation
with receipt of a Phase B Containment Isolation.

The short term steady state loading at the 480V level is higher during a Phase A start sequence than during a
Phase B and results in a lower voltage at the 480V busses. However, piping breaks associated with a Phase
A Start Sequence are small and will result in ECCS equipment being removed from service within a short
period after the event (less than an hour). This will result in a much lower overall long term loading for a
Phase A event when compared to a Phase B.

This study uses short term Phase A loading for the single motor start analysis since it is the most conservative
loading. If, however the starting voltage (480V) is not acceptable using the Phase A loading, then Phase B
loading is used provided:

+ The load is only required for a Phase B event, or

» The load is required to be manually started at a time that is at least 2 hours after the initiation of a Phase A
event.

This assumption is conservative since the long term 480V loading for a Phase B event is higher than for a
Phase A event.

The 89-10 MOVs for WBN utilize motor actuators which have ‘hammer-blow’ feature, which allows the motor
to start turning prior to engaging the mechanical load of the operator (i.e. start univaded). The actual motor
current draw is typically 50% of the full locked-rotor current (Ref. 2.9). Initially all MOVs are evaluated using
full locked-rotor current but if the available voltage does not meet the required voltage criteria, the available
valtage is re-calculated taking credit for the 'hammer-blow’ feature. These MOVs are identified in Appendix A.
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4.0 Methodology/Approach

The methodology used in this study was developed to meet the intent of Regulatory I1ssue Summary (RIS) 2011-12,
“Adequacy of Station Electrical Distribution System Veltages”. The RIS states the protective function of the DVR
setpoint is to ensure adequate starting voltage to all Ctass 1E equipment for all operating and accident conditions.
Additionally, the RIS states that the DVR setpoint must be based on the starting voitage requirement at the terminal
of the most limiting component and must account for the effect of all components which could affect voltage, this
includes offsite power circuits, the piant distribution system, as well as all Class 1E and non-Class 1E loads.

However, the RIS does not prescribe the specific methodology to be used for the motor starting analysis, and there
is no industry consensus on how to best address DVR protection for motor starting scenarios.” 1n actuality, the
ablility to start motors cannot be determined by monitoring voltage alone. The ability to start motors can only be
determined by power system capacity, which is the ability to maintain voliage while providing the required starting
current. Therefore, the very premise of using a voltage relay to protect motor starting ability requires an assumption
of the power source capacity, which seems to violate the stated purpose of the DVR protective function.

An analytical approach is used in this study to determine the acceptabilily of the voltage during any Class 1E motor
starting scenario that bounds any value of upstream capacity. This approach is based on the fact that for any Class
1E motor starting event (single motor or group of motors), the voltage at the DVR monitored bus can only respond in
one of three ways:

1. The voitage decreases to the DVR setpoint, or above (i.e. DVR does not actuate)

2. The voltage decreases below the DVR setpoint and does not recover (i.e. DVR actuates and transfers loads to
the DGs after the specified time)

3. The voltage decreases below the DVR setpoint and does recover (i.e. DVR actuates but does not initiate transfer
since voltage remains above the LOV setpoint and recovers above the DVR reset value prior fo timeout)

Analyses are performed for each of these situations as follows:

1. A starting voltage analysis is performed using a technique known as the "independent source” method. The
voltage at the DVR menitored bus (i.e. 6.9kV Shutdown Board) is set at the DVR setpoint (dropout analytical
limit) using an independent fixed voltage source. Since the initial DVR bus voltage prior to the event can be
ignored, this simple technigue produces correct voltages for downstream loads immediately after the initiation of
the event. The analysis is performed for DBE motor starting (Sl-actuated loads) as well as individual motor
starts.

2. A protective device analysis is performed using a technique known as the “start-start” methed. Since this is fruly
a degraded voltage situation, there is no need for a starting voltage analysis. However, an analysis should be
performed to demonstrate that the Class 1E loads will be successfully transferred to the DG and started prior to
their protective devices tripping. This “start-start” analysis was previously performed in the Degraded Voltage
Analysis calculation (reference 2.1) and the results are reprinted in this study.

3. For DBE motor starting events, a bounding analysis is performed to demonstrate that any possible voltage
transient caused by DBE motor starting, including drop to the LOV setpoint, will also result in successful
recovery above DVR reset within 5 seconds (without crediting automatic load tap changers). For individual
motor starting events, this situation is bounded by the starting voltage analysis from item 1 since the analysis at
DVR dropout is more conservative than analysis at the DVR reset value.

These analyses bound any possible voltage outcome at the DVR monitored bus when starting any Class 1E motor
required for any scenario.

2 |EEE Power &Energy Soclety, Nuclear Power Engineering Committee (NPEC), Working Group 4.7 (Protection of Class 1E Power Systems and
Equipment) meeting minutes of January 24, 2012, San Antonio, TX.
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5.0 Design Input Data
5.1 Forindividual minimum motor starting voltage requirements, see Appendix A.

5.2 The degraded voltage relay setpoints are as follows (Ref. 2.1, 2.8 & Alt. 2 of this study):

Dropout (V) Reset (V)
Nominal Setpoint 6600 6642
Allowable Value 6570 6672
Analytical Limit 6555 N/A

Operational Limit N/A 6681
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6.0 Computations and Analysis

The motor starting analysis is performed using ETAP V7.0.0N and the existing ETAP model used to perform offsite
power system analysis for two unit operation (Ref. 2,2).

6.1

6.2

Starting Voitage Analysis

The 6.9kV shutdown boards were disconnected from all offsite power source(s) and a dedicated fixed voltage
source was added to each 6.9kV shutdown board. The source voltage was set to the DVR dropout setting of
6555V (Section 5.2).

Using the load configuration in the existing Unit 1& 2 ETAP model, the following analyses were performed:

Dynamic Motor Starting — Safety Injection Signal Phase A (SIA)

Dynamic Motor Starting — Safety Injection Signal Phase B (SIB)

Static Motor Starting (starting individual motor): This analysis is performed with SIA since this provides the
worst case voltages on the 480V system. For this analysis, motor starting study case is generated to
individually start each Class 1E motor. Resolutions to loads requiring additional review are annotated in
Appendix A. If the starting voltage using Phase A is not acceptable, analysis is performed using Phase B
loading

DBE Motor Starting:

Each study case is run for a total simulation time of 15 seconds. Since it is considered that by this time all
motors have been accelerated and the APS system has come to a steady state condition. ETAP reports provide
terminal voltage and current for every motor which starts at 0+ second up to 15 seconds in steps of 0.1 second.

The output reporis are saved as U1 sdbds at DVDO-Complete (Study Case U1-DV-SIBms, Config. DV-LOCA-
U1), U2 sdbds at DVDO-Complete (Study Case U2SIB-DV{N), Config. DV-LOCA-U2) and U12 sdbds at DVDO-
Complete (Study Case U1/2S1A, Config. Deg Volt SU) in folder J:wbnp\DVR Analysis (Static) WBN\ETAP
Reports - Dynamic Motor Analysis.

Single Motor Starting:
Each study case is run using ‘Study Case |D U1/2SIA and Config. Deg Volt SU'.

The output reports, in pdf format, are saved in folders J:\wbnp\DVR Analysis (Static) WBN\ETAP Reports -
Shutdown Boards 1A and 1B and J:\wbnp\DVR Analysis (Static} WBN\ETAP Reports Shutdown Boards 2A and
2B\New Reports. Due to the large number of output reports, the output report names are not listed.

These analyses did not credit any non-Class 1E equipment upstream of the 6.9-kV Class 1E buses (such as
L.TC transformers or administratively controlled grid capacity). The available starting voltage for each motor is
then documented and compared to the required starting voltage.

Protective Device Analysis (Start-Start scenario):

The scenario evaluated for the short time delay is an Sl concurrent with the degraded voltage condition
such that a block start attempt is made. A determination is made of the time permitied to allow voltage
to return above the degraded voltage relay setpoint reset limit under block start transient conditions and
still assure a subsequent start an the diesel if the voltage fails to recover, thus, making this a start-stari
evaluation. To evaluate the effect of the starting currents during the start-start scenario, the effect on
avercurrent protective devices are considered. The board voltages at the onset of the event are,
considered normal (i.e. no preheat). The degraded voltage condition presumes that the voltage does
not recover but remains below the degraded voltage relay setpoint subjecting the Sl initiated motors to
starting currents for the time delay selected and then sequence onto the emergency diesel generators.
The design calculated worst-case transient voltage dip during the accident loading sequence is used.
This is conservative, because a lower voltage would produce less starting current for the motors.
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The above evaluation is performed for the safety related loads required for Units 1 and 2 which would be
actuated for an Sl as follows:

s Motor loads fed from 6.8kV and 480V Switchgear & MCCs, MOVs & Static loads fed from the MCCs
are evaluated to determine the effect of the start-start heating of the overcurrent protective devices
(breakers/TQOLs), such that starting on the diesel without tripping can be assured.

* Protective devices are also evaluated for the 8.6kV and 460V safety-related motors that operate
during non-accident conditions. The evaluation considers that the safety bus voltage is equivalent
to operation at the lower boundary of the degraded voltage relay dropout The protective devices are
evaluated to ensure that operation of the safety-related loads can be sustained indefinitely at this
voltage without protective device trip.

« Sl actuated medium voltage (6.6kV) motor loads are evaluated to ensure that their thermal damage
limits are not exceeded during the start-start event.

» 120VAC control power transformer (CPT) fuse time characteristics are evaluated to determine if the
fuse could blow when carrying rated inrush current of the starter and any other normally energized
devices for the safety analysis time of 11.5 seconds (upper boundary of the degraded voltage relay
time delay, Attachmient 2) or 12 seconds in the start-start scenario.

» MCGC 120VAC distribution panel fuse time characteristics are evaluated to determine if the fuses
melt during the start attempts. it is considered that circuit components required to pick-up during
starting will be at inrush conditions.

6.3 Voltage Recovery Analysis:

See Appendix B for veltage recovery analysis for DBE for detailed purpose, approach, bases and
assumptions and computations.

In addition, Appendix H demonstrates the adequacy of the DVR protection scheme if the voltage source
is placed at the switchyard bus and the grid voltage and capacity is set

1. Such that the DVR monitored bus voltage is at the DVR dropout analytical limit prior to DBE initiation
2. To support successful voltage recovery following DBE motor starting




CALCULATION SHEET

CALC NUMBER: STUDY-EEB-WBN-12-001 REV. 001 SHEET 11

ORIGINATOR: D.S. Bhatia DATE: CHECKER: A.C.Bangalore DATE:

7.0 Summary of Results

71

7.2

Starting Voltage Analysis

See Appendix A for summary of the results. Based on a review of the results, all safety related loads have
adequate starting voltage during DVR conditions and the existing setpoints for the degraded voltage relay are
considered acceptable.

Note: ERCW Screen Wash Pumps are not assured to have adequate voltage as analyzed. However par N3-
67-4002 this load is not required to be manually placed into service until 12 hours into a design basis event.
This provides sufficient time to take corrective actions such as correcting the grid condition, adjusting the tap
changers on the CSSTs or transferring the shutdown board(s) to the diesel generators.

Control Circuit Veltage Drop (CCVD) Analysis

With respect to the contactors, relays and solenoid valves, adequacy of pickup voltage for these control
components {contactors, solenoid valves, relays} were performed as part of the Control Circuit Voltage Drop
(CCVD) analysis. This analysis was performed considering a steady state minimum voltage of 432V at the
MCC bus. All the components were determined to have adequate pickup voltage upon implementation of the
issued design changes as identified in the CCVD caiculation prior to Unit 2 fuel load.

The MCC transient bus voltage under degraded voitage conditions (at DVR dropout voltage of 6555V) drops
below 432V due to starting of large motors on the 480V switchgear. This voltage, however, recovers fo a value
of >432V within 4 seconds. Since the startup of the safety related equipment may not have adequate starting
voitage due fo transient voltage conditions, Westinghouse evaluated the impact of additional 5 second delay for
the startup of the safely injection pumps and feedwater isolation valves with offsite power available, and
concluded the following: "This safety evaluation concludes that an additional five second delay for the startup of
the safety injection pumps and an additional five second delay in the closure of the feedwater isolation valve
does not impact the conclusions of the safety analysis that form the Watts Bar licensing basis (SECL-92-028;
RIMS No. T33930330890)".

Based on the above, the analysis performed to verify adequacy of available voltage for the contactors, solenoid
valves, relays is considered to be adequate and, therefore, no further analysis under the transient voltage
conditions has been performed.

Protective Device Analysis

Motors Actuated by Sl Signal:

As discussed in Attachment 7, there is no adverse effect of the start-start heating on the overcurrent
devices on the safety related motors which would be actuated by safety injection signal and powered
from safety related 6.9kV and 480V switchgears and 480V MCCs while operating at the lower boundary
of the degraded voltage relay setling (6555V).

Non-Accident Safety Related Motors:

Based on the analysis, operation of safety-related loads with the 6.9KV Shutdown Board voltage
operating at the lower boundary of the degraded voltage relay 6555V, will not cause tripping of
protective devices. Static loads (constant impedance) are not considered, since operation at lower
voltage results in less currenf. Therefore, operation at the lower boundary of the degraded voltage
relay dropout setting would not trip the motors.

TOL Evaluation:

The generic evaluation of TOL.'s, in Attachment 7, showed that only motors having locked rotor current
in excess of 850% are required to be evaluated further. A review of the WBN ETAF database, showed
that four motors have & locked rotor current greater than 850% and start for an accident. An evaluation
of those four loads shows that their TOL's are sef at 115%. Therefore they would not be an issue,
because it would increase their tolerance for tripping by an additional 15%.
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7.3

Fuse Evaluation for MCCs 120VAC CPT Circuits and 120VAC Distribution Panel Loads:

Based on the evaluation in Attachment 7, fuses for all the 120V AC CPT Circuits and 120V AC
Distribution Panel Loads are considered acceptable, the fuses will carry inrush current and will not
blow or melt for at least 12 seconds during a start-start scenario.

The upper boundary limit for the time delay is 11.5 seconds, which is the maximum total time allowed
for loss of voltage detection and emergency diesel generator start in the WBN safety analysis as
documented in the FSAR. Based on the evaluation performed in Attachment 7, it has been
determined that protective devices will not trip prior to 12 seconds for start-start operation of motors at
a degraded voltage at which time period disconnection from offsite power and reconnection to the
emergency diesel generators occurs.

Voltage Recovery Analysis

The voltage recovery analysis shows that in all cases the voltage on the 6.9kV shutdown boards 1A,
1B, 2A and 2B recovers above the DVR reset value (operational limit of 6681V) within 4 seconds.
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8.0_ Conclusions

8.1

8.2

8.3

8.4

This study determines that adequate starting voltage is available to each Class 1E load when the 6.9kV
Shutdown Boards are at the DVR dropout setpoint (analytical limit) for the following cases:

» During a design basis event (DBE): all Class 1E loads that are automatically actuated for a safety injection
signal (Sl-Phase A or Sl-Phase B).

« When individually starting a motor (single motor start): all Class 1E loads, even if not Sl-actuated.
This study shows that for a degraded voltage condition, overcurrent protective devices associated with Class

1E loads will not trip during St-actuated motor starting and subsequent start on the emergency diesel
generator.

The bounding voltage recovery analysis in Appendix B demonstrates that any possible voltage transient caused |
by DBE motor starting, including drop fo the LOV setpoint, will also result in successful recovery above DVR
reset within 4 seconds.

The outcome of the analysis in Appendix H demonstrates the adequacy of the DVR protection scheme, ]

Therefore, using motor starting voitage as a basis for the relay setpoint shows no impact to the DVR setpoint and/or
the plant response.

This page added by R1
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Introduction

This appendix is a summary tabulation of the results for the various motor starting scenarios
described in Section 6.0. The analyses in Appendix A were developed using the methodology
and applicable inputs from References 2.2, and 2.3. Voltage values were obtained from the
applicable ETAP files and output reports in this study. The key information and results are
determined as follows:

A, Minimum Motor Starting Voltage

Minimum motor starting voitages are based on Attachments 1, 3 and 6 of this study. The
minimum motor starting voltages used are:

6600 Volt Motors - 5280 Volts (80%)***
460 Volt Motors - 391 Volts {(85%)**
460 Volt Air Compressors - 368 Volts (80%)**

89-10 MOVs - Valve thrust and torque design margin calculations/evaluations based on motor
terminal voltage as documented in Attachments 4 and 5§ of this study.

Non 89-10 MOVs - 368 Volts (80%)**

** Percentages are based on 460 Volt rated motor voltage. For motors rated other than 480V,
the same percentages are applicable. The minimum starting voltage may be different from the
above voltage if it is based on manufacturer’s data or test report as documented in Attachments
3 and 6 of this study.

*** 80% for all motors except for the ERCW Pump motor which requires 90% and the Auxiliary
Feedwater Pump motor which requires 85%

B. Motor Starting Evaluation Results

Individual motor starting evaluation results are tabulated for all class 1E safety-related motors
and motor operated valves. As summarized in Section 6.1 of this study the following steps were
performed:

1. Motor terminal voltage with Phase A loading is compared against the minimum motor
starting requirements above. If acceptable voltage is obtained, no further action is
required.

2. Motor terminal voltage with Phase B loading is compared against the minimum motor
starting requirements above. If acceptable voltage is obtained, no further action is
required.

3. Single motor start terminal voltage with Phase A loading or with Phase B loading
provided the Phase B criteria in section 3.4 of this study applies is compared against the
minimum motor starting requirements above. If acceptable voltage is obtained, no
further action is required.
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4. Individual circuit operating evaluations are performed based on when the motor is in
service such as the ERCW Screen Wash Pump.
5. For 89-10 MOVs, See Section C below.

C. 89-10 Motor Operated Valve Evaluation Results

For Unit 1 and Unit 2 89-10 MOVSs that did not meet the required valve motor starting
voltage criteria, as a first step the calculated starting voltages for these MOV's were provided
to Mechanical discipline (valve group) to evaluate if the revised voltages were acceptable.
Based on the new thrust and torque calculations and calculated new design margins by
mechanical valve group, the new available starting voltage for some MOVs was determined
to be acceptable. However, some of the MOVs still did not meet either the required voltage
or the minimum desigh margin criteria. Available voltage for these MOVs were re-evaluated
further using the hammer-blow (HB) feature (see Section 3.5) which resulted in improved
starting voltage available at the motor terminals. The available voltage with HB feature was
again evaluated by the mechanical valve group and determined to be acceptable.
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Appendix A
1A Boards

EVALUATION of CLASS 1E MOTOR STARTING VOLTAGES at DVR DROPOUT {Analytical Limit)
Comparison of Minimum Available Starting Voltage v/s Required Starting Voltage
Results Shown for DBE Actuation (SI-A or SI-B) and Individual Motor Starts

SIPhase A Sl Phase B Minimum Required Bases for
DBE Actuation DBE Actuation Individual Motor Start Voltage Minimum Required
Terminal Voitage (%) Terminal Voltage (%) Terminal Voltage (%) | Terminal Voltage V(%) Voltage
ETAP Bus ID/ L 6.6kV/460V
Compt No Load Description 6.6kV / 460V Base St Phase A 6.6kV / 460V Base Si Phase B 6.6kV /460V Base Base Reference
6.9KV Shutdown Board 1A-A
Aux Feedwater PMP 1A-A
12-10 AFW 1-MTR-3-118-A (600 HP} 59.09 Starts 99.0% Starts 99.07 85 Att. 3
CNTMT SPRAY PMP 1A-A
12-13 CSP 1-MTR-72-27-A (700 HP} N/A Mot Running 98.80 Starts 98.79 80 Att. 3
RHR PUMP 1A-A
12-14 RHR 1-MTR-74-10-A (103 HP) 98.97 Starts 9R.97 Starts 98.97 80 Att. 3
SAFETY INJ PMP 1A-A
12-15 Sl 1-MTR-§3-10-A (400 HP) 98.94 Starts 58.94 Starts 98.54 80 Att. 3
CNTFGL CHRG PMP 1A-A
13-18 CCP |1-MTR-62-108-A (600 HP) 98.87 Starts 93.87 Starts 98.87 g0 Att. 3
Starts { A-A Starts { A-A
or B-A start, or B-A start,
but not both, hut not both,
ERCW PMP A-A other is not otheris not
12-8 ERCW 0-MTR-67-28-A {300 HF) N/A running) N/A running} 56.46 a0 Att. 3
Starts { A-A Starts [ A-A
or B-A start, or B-A start,
but not both, but not both,
ERCW PMP B-A other is not other is not Same as ERCW Pmp A-A
12-9 ERCW D-MTR-67-32-A (800 HP) 93,26 running) 93.26 running) 93.12 90 (Att. 3)
480V Shutdown Board 1A1-A
Comp Cooling Sys Pump 1A-A
125-3B 1-MTR-70-46-A (350hp) 83.52 (8s) Starts 84.13 (8s) Starts 83.56 70 Att. 3
Not Running Not Running
Containment Air Rtn Fan 1A-A Starts @ 9 Starts @ 9
126-10C 1-MTR-30-38-A {100hp) N/A Min} N/A Min) 80.97 (SIB) 80 Att. 6
Reac Lwr Compt CIr Fan 1A-A
126-7C 1-MTR-30-74-A (60hp} N/A Running N/A Trips 81.73 a0 At 3
Elec Bd Rm AHU A-A
126-9C 0-MTR-31-30B-A (S0hp) N/A Running N/A Running 83.82 80 Att. 6
Spent Fuel Pit Pump C-5
126-7A 0-MTR-78-35-5 {100hp) N/A Running N/A Running 80.77 80 Att. 6
480V Shutdown Board 1A2-A
Control Rm A/C A-A Compressor
127-2C 0-MTR-31-80/2-A {25Chp) N/A Running N/A Running 90.08 80 Att. 1
Comp Ceoling Sys Pump C-5
127-3B 0-MTR-70-51-5 [350hp) 81.61 {8s) Starts 82.07 (8s} Starts 80.61 70 Att. 3
Reac Lwr Compt Clr Fan 1C-A
128-7D 1-MTR-30-77-A {60hp} N/A Running N/A Trips 81.25 80 Att. 3
480V 5D Bd Rm AHU A-A
128-5D 0-MTR-31-45-A {75hp} N/A Running N/A Running 87.36 86 Att. 1
480V C&A Vent Board 1A1-A
Cont Bldg Emerg Press Fan A-A
203-12B 0-MTR-31-6-A (Lhp) 85.8% Starts 87.23 Starts 87.60 85 Att. 1
Att. 3
ERCW Scrn Wash Pump 1A-A See Sec. 7.1 for
203-13D 1-MTR-67-431-A (40hp) N/A N/A N/A N/A 73.63 75 Justification
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Appendix A
1A Boards

EVALUATION of CLASS 1E MOTOR STARTING VOLTAGES at DVR DROPOUT {Analytical Lirnit)
Comparisan of Minimum Available Starting Voltage v/s Required Starting Voltage
Resuits Shown for DBE Actuation (SI-A or SI-B} and Individual Motor Starts

SIPhase A Sl Phase B Minimum Required Bases far
DBE Actuation DBE Actuation Individual Maotor Start Voltage Minimum Requirad
Teriminal Voltage {%) Terminal Voltage (%) Terminal Voltage (%) | Terminal Voltage V{%) Voltage
ETAP Bus D/ L. 6.6kV/460V
Compt No Laad Description 6.6kv/460vBase | Thase Al g iy /acaviase | PN Bl 5 iy rasov Base Base Reference
Cont Bldg Emerg Air CU Fan A-A
203-2A 0-MTR-31-8-A {10hp) 86.39 Starts 87.73 Starts §9.23 85 Att. 1
Cntmt Spray Pump 1A-A Clr Fan
203-3C 1-MTR-30-177-A (7.5hp) N/A Running 81.87 Starts 83.18 80 Att. 3
Emerg Gas Trimt Sys Fan A-A
203-4D0 0-MTR-65-23-A (20hp) 87.24 Starts 88.59 Starts 90.95 75 Att. 3
ERCW Str 1A-A
203-6B 1-MTR-67-9-A (3hp} N/A Running N/A Running 76.43 75 Att. 3
Cntfg Chrg Pmp 1A-A Rm Clr Fan,
203-10A LﬂvlTR-su—lBs-A, {5 HP) 84.47 Starts 85.79 Starts 86.76 80 Att. 3
PEN RM EL 713 CLR FAN 1A-A,
203-10B 1-MTR-30-196-A, {3HP) 86.68 Starts 88.03 Starts 50.30 80 Att. 3
Pipe Chase CIr Fan 1A-A,
203-10C 1-MTR-30-201-A, (3 HP) 85.43 Starts 86.76 Starts 88.55 80 Att. 3
430V BD RM 1B PR 5UP FAN 1B1-A
203-11A 1-MTR-31-478-A, (3HP} N/A N/A N/A N/A 92,18 85 Att. 1
480V Bd Rm 1A AJC Ahu 1A-A
203-11C 1-MTR-31-461-A {15 HP) N/A NfA N/A N/A 90.06 a5 Att. 1
Cont Rm Ahu A-A
203-11D 0-MTR-31-12-A (60 HP) N/A N/A N/A N/A 88.19 85 Att. 1
125V Vtl Bat Am !l ExFan 181-A
203-12A 1-MTR-31-285-A {0.33 HP) N/A N/A N/A N/A 91.18 35 At 1
480V Bd Rm 1A A/C Cond 1A-A j
203-12C 1-MTR-31-290-A, (15 HP) N/& N/A N/A N/A 30.76 85 At 1
Cntmt Purge Air Radn Exh Mon
203-12F1 1-RE-80-130-A, {6.75 HP) N/A N/A N/A N/A 92.73 85 Att. 1
PEN RM EL 692 CLR FAN 1A-A
203-2C 1-MTR-30-185-A, [3HP) 86.13 Starts 87.47 Starts 90.42 30 At 3
Btry Rm El 692 Exh Fan A-A
203-4A 0-MTR-31-28-A (1.5HP} N/A N/A N/A N/A 88.45 85 Att. 1
[STH VITL BATT.RM.EX. FAN 1B1-A
203-4B 0-MTR-31-493B-A (0.25 HP) N/A N/A N/A N/A 94.40 85 Att. 1
SFP Prap A-A&TB Bst #Pm SpClrFan
203-5A 0-MTR-30-192-A (7.5HP) 86.00 Starts 87.34 Starts 89.67 30 Att. 3
CCS & AFW PMPS SP CLR FAN A-A
203-5E 1-MTR-30-190-A (20HP} 27.31 Starts 88.66 Starts 90.70 80 Att. 3
shutdown Bd 8m A Press Fan A-A
203-6A 0-MTR-31-64-A (3HP) N/A N/A N/A N/A 92.71 85 Att. 1
Traveling Scrn 14-A
203-6C 1-MTR-67-434-A (5HP) N/A N/A N/A N/A 80.36 80 Att. 3
Cntmt Bldg Lwr Compt Air Mon
203-6F1 1-RE-50-106-A (3HP) N/A NfA N/A N/A 52.68 85 Att. 1
125V VtIBat Rm | ExhFan 1A1-A
203-7B 1-MTR-31-287-A {0.33HP) N/A NfA N/A N/A 91.40 85 Att. 1
Safety Inj Pmp 1A-A Rm Clr Fan
203-8BA 1-MTR-30-180-A {5HP) 83.34 Starts 84.63 Starts 85.19 80 Att. 3
Pen Rm El 737 CIr Fan 1A-A
203-88 1-MTR-3G-194-A {3HP) 88.04 Starts §9.41 Starts 92.28 R0 Att. 3
480V Xfmr Rm 1A Exh Fan 1A2-A
203-8C 1-MTR-30-244G-A {3HP) N/A N/A N/A N/A 89.57 30 Att. 3
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Appendix A
1A Boards

EVALUATION of CLASS 1E MOTOR STARTING VOLTAGES at DVR DROPOUT {Analytical Limit)
Comparison of Minimum Available Starting Voltage v/s Reguired Starting Voltage
Results Shown for DBE Actuation {SI-A ar SI-8) and Individual Motor Starts

S| Phase A SIPhase B Minimum Required Bases for
DBE Actuation DBE Actuation Individual Motor Start Voltage Minimem Required
Terminal Voltage (%) Terminal Voltage (%) Terminal Voltage (%} | Terminal Voltage V(%) Voltage
ETAP Bus ID/ L 6.6kV/460V
Compt No Load Description 6.6kV/450VBase | > ThaseAl copy sasovBase | STPEe Bl ¢ oiy 460V Base Base Reference
480V Xfmr Rm 1A Exh Fan 1A3-A
203-8D 1-MTR-30-244H-A (3HP) N/A N/A N/A N/A 91.34 80 Att. 3
CONT RM A/C A-A CONTROL/O.PMP
203-8F1 0-MTR-31-80/3-A (3.11 HP) N/A N/A N/A N/A $2.86 85 Att. 1
RHR Pmp 1A-A Rm CIr Fan
203-9A 1-MTR-80-175-A {5HP) 8251 Starts 83.79 Starts 84.25 80 Att. 3
Cont Rm AJC Circ Pmp A-A
203-98 D-MTR-31-80/1-A (15HP) N/A N/A N/A N/A 89.07 85 Att. 1
480V Bd Rm 1A PrSup Fan 1A1-A
203-8C 1-MTR-31-462-A (3HP) N/A N/A N/A N/A 92.92 85 Att. 1
480V XImr Rm 1A Exb Fan 1A1-A
203-9D 1-MTR-30-244F-A (3HP) N/A N/A N/A N/A 89.49 80 Aft. 3
Cent Rm Intake Mon
203-9F1 0-RE-20-205-A (0.75HP) N/A NfA NfA N/A 93.17 85 Att. 1
ERCW Str 1A-A Backwash Viv
203-4E 1-FCV-67-9A-A (0.33HP) N/A N/A N/A N/A 82.02 30 Att. 1
ERCW Str 1A-A Flush Vv
203-6E 1-FCV-57-9B-A (0.33HP) N/A N/A N/A N/A 82.70 80 Att. 1
RHR PMP 1A-A INLET FCV Att. 4 / Acceptable
203-7D 1-FCV-74-3-A (5.2HP) N/A N/A N/A N/A 91.31 Pass Margin
RWST TO SPRAY HDR 1A FCV Att. 4 / Acceptable
203-7E 1-FCV-72-22-A (8.2HP) N/A N/A N/A N/A 86.27 Pass Margin
486V C&A Vent Board 1A2-A
None [
480V Diesel Aux Board 1AI-A
DG 1A-A Rm Exh Fan 1-A
217-2B 1-MTR-30-447-A {15hp) 91.83 Starts 92.48 Starts 92.64 85 Att. 1
DG 1A-A Day Tk FO XFR PMP 1
217-3D 1-MTR-18-55/1-A (ihp) 91.77 Random 92,43 Random 94.74 a5 Att. 1
DG 1A-A AUX LUBEQIL CIRC PMP A
217-4B 1-MTR-B2-ACPA1A (0.75hp) 92.10 Random 92,75 Random 94.57 25 Att. T
g Rm 1iA-A Pnl Vent Fan
217-4D 1-MTR-30-491-A [15HP} N/A N/A N/A N/A 92,14 85 Att. 1
Dg 1A-A 480V Elec Bd Rm Ex Fan
217-4E 1-MTR-30-458-A (2HP} 91.95 N/A 92.60 N/A 94,29 85 Att. 1
EM DG HX 1AL & 1AZ SPLY VLV
217-3A 1-FCV-67-66-A (0.13HP) 82.50 N/A 83.08 N/A 85.85 Pass Att. 5
DG 1A-A Muffler Rm Exh Fan
217-6A 1-MTR-30-463 {0.5hp) 91.88 Starts 92.54 Running 95.01 85 Att. 1
4B0V Diesel Aux Board 1A2-A
DG 1A-A Rm Exh Fan Z-A Running/
218-28B 1-MTR-30-451-A {15hp} 92.40 Starts 52.86 Starts 92,94 85 Att. 1
DG 1A-A DAY TNK FO XFR PMP 2
218-3b 1-MTR-18-54/1-A (1hp] 91,63 Random 92.08 Random 93.94 85 Atk 1
DG 1A-A AUX LUBEOIL CIRC PMP B
218-2A 1-MTR-82-A0PB1A {0.75HP) N/A N/A N/A N/A 93.76 85 Att. 1
Dg 1A-A Lube Oil Circ Pmp 2
218-2D 1-MTR-82-A2-A (1LHP} N/A N/A N/A N/A 93.46 85 Att. 1
Dg Bldg Co2 Refrigeration Unit
218-5F1 0-PKG-30-37 (2HP) N/A N/A N/A N/A 94.53 85 Att. 1
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Appendix A
1A Boards

EVALUATION of CLASS 1E MOTOR STARTING VOLTAGES at DVR DROPOUT {Analytical Limit}
Comparison of Minimum Available Starting Voltage v/s Required Starting Voltage
Results Shown for DBE Actuation (S1-A or 51-B) and Individual Motor Starts

Sl Phase A Sl Phase B Minimum Required Bases for
DBE Actuation DBE Actuation Individual Motor Start Voltage Minimum Required
Terminal Voltage (%) Terminal Voltage (%) Terminal Voltage (%) | Terminal Voltage V(%) Voltage
ETAP Bus ID/ L 6.6kV/A50V
Compt No Load Description 6.6kV / 460V Base 81 Phase A B.6kV / 460V Base Sl Phase B 6.6kY f460V Base Base Reference
480V RMOV Board 1A1-A
Lower CNTMT 1B CLRS ISLN VLV
235-5C 1-FCV-67-97-A (0.13hp) N/A Not Running 81.71 Starts BL.11 Pass Att. 4
Seal Fiow Ret Isin Viv Clases on Ph Closes on Ph
235-7A 1-FCV-62-63-A [1.9hp) 78.93 A (Starts) 80.15 B [Starts) 83.38 Pass Att. 4
CHARGING FLOW ISLN VIV Clases on 5l Closes on 5!
235-78 1-FCV-62-90-A (1.9hp) 85.86 [Starts) 87.20 {Starts} 90.69 Pass Att. 4
Vol Cont Tank Outlet Isln Viv Closes on 51 Closes on Sl
235-8B 1-LCV-62-132-A (1.9hp) 80.54 {Starts) 81.79 {Starts) 85.08 Pass Att. 4
RWST To Charging Pmp Viv Cont Opens on 3! Opens on SI
235-9A 1-LCV-62-135-A (1.9hp) 83.79 {Starts) 85.09 (Starts) 88.51 Pass Att. 4
RCP Cil Lir Cntmt Iso Vv Closes
235-9D 1-FCV-7G-100 (0.13hp) N/A Naot Running 81.60 (starts) 84.97 Pass Att. 4
Att. 4 / Acceptable
Margin with voltage
SIS Pmp Inlet to CVCS Chrg Pmp based on Hammaer Blow
235-11A 1-FCV-63-7 {1.8hp) N/A Not Running N/A Not Runaing 88.21* Pass faature *
SIS Boron Inj Tank Shutoff viv Cpens on S Opens on S|
235-11D 1-FCV-63-26 (1.9hp) 86.95 (Starts) 88.30 {Starts) 91.83 Pass Att. 4
Uperate Upperate
: aboyt 20 about 20
Chtmt Sump To RHR Pmp A-A minutes after minutes after Att. 4 / Acceptable
235-12B 1-FCV-63-72-A (13hp) N/A 5| N/A 1 86.95 Pass Margin
Att. 4 {5 sec after 51) -
Cntmt Spray Hdr 14 Isn Viv Opens cn Ph Time Delay added per
235-13E 1-FCY-72-85-A (3.2hp) N/A Net Running 89.45 (5s} B [Starts) 91.80* Pass DCN 52834
RHR Pmp 1A-A Min Flow Viv
235-14D 1-FCV-74-12-A {0.13hp} 80.60 Random 81.86 Randem 85.24 Pass Att. 4
LWR CNTMT 1D CLRS ISLN VLV Closes
235-15D 1-FCV-67-89-A {0.13hp) N/A Not Running 81.82 {Starts) 85.21 Pass Att. 4
Cntmt Standpipe Isin Viv
235-17B 1-FCV-26-240-A (0.67hp) 8241 Close (Start) 83.69 Close [start) 87.08 Pass Att. 4
RCP Spray Isin Viv
235-18E 1-FCV-26-243-A (0.67hp) 83.68 Close (Start) 84.98 Close (Start} 88.42 Pass Att. 4
RWST To RHR Pmp Flow Cant Viv
235-2E1 1-FCV-63-1-A [5.2HP) N/A N/A N/A N/A 92.09* Pass Att. 4
Att. 4 / Acceptable
Margin with valtage
RHR Sys Isln Viv based an Hammer Blow
235-58 1-FCV-74-1-A {2.6HP) N/A N/A N/A N/A 90.74* Pass feature *
Att. 4 / Acceptable
Margin with voltage
RCS Press Relief FCV based on Hammer Slow
235-6D 1-FCV-68-333-A {1.9HP) N/A N/A N/A N/A 89.2* Pass feature *
515 Pmp Recirc Te RWST
235-108 1-FCV-53-3-A (0.7HP} N/A N/A NfA N/A 90.70* Pass Att. 4
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Appendix A
1A Boards

EVALUATION of CLASS 1E MOTOR STARTING VOLTAGES at DVR DROPOUT (Analytical Limit)
Comparison of Minimum Available Starting Voltage v/s Required Starting Voltage
Results Shown for DBE Actuation {S1-A or 51-B) and Individual Motor Starts

SI Phase A SIPhase B Minimum Required Bases for
DBE Actuation DBE Actuation Individual Motor Start Voliage Minimum Required
Terminal Voltage (%) Terminal Voliage (%) Terminal Voltage (%) | Terminal Voltage V{%) Voltage
ETAP Bus ID/ R 6.6kV/A60V
Compt No Load Description 6.6kV/460VBase | PR Al gopysasovBase | P12 Bl g ey /ag0v Base Base Reference
Att. 4 / Acceptable
Margin with voltage
Cont Spray Pmp 1A-A Recirc FCV hased on Hammer Blow
235-10F 1-FCV-72-34-A (0.13HF) N/A N/A N/A N/A 89.39* Pass feature *
RHR Hx A To CVCS Chrgr Pmp Att. 4/ Acceptable
235-11B 1-FCV-63-8-A [1.9HP) N/A N/A N/A N/A 87.56 Pass Margin
Att. 4 / Acceptable
Margin with voltage
SIS Pmp 1A-A Inlet Viv based on Hammer Blow
235-12A 1-FCV-63-47-A (1.9HP) N/A N/A NfA N/A 88.18* Pass feature *
51S To RCS Loops 283 FOV Att. 4 / Acceptable
235-12D 1-FCV-63-93-A (1.6 HP) N/A N/A N/A N/A 90.73 Pass Margin
Att. 4 / Acceptable
Margin with voltage
SIS Pmp 1A-A Qutlet FCV based on Hammer Blow
235-12E 1-FCV-63-152-A (1.9HP) N/A N/A N/A N/A 88.48* Pass feature *
Att. 4 / Acceptable
Margin with voltage
SIS Pmp Out RCS Lp 183 Hot Leg based on Hammer Blow
235-13A 1-FCV-63-156-A {1.9HF) N/A N/A N/A N/A 89.28* Pass feature *
Att. 4 / Acceptable
Margin with voltage
Cntmt Sump To Spray Hdr 1A FCV based on Hammer Blow
235-13B 1-FCV-72-44-A (3.2HP) N/A N/A N/A N/A 90.33* Pass feature *
RHA Spray Hdr 1A Isln Viv Att. 4/ Acceptahble
235-14A 1-FCV-72-40-A (1.9HP) N/A N/A N/A N/A 87.74 Pass Margin
RHR Hx 1A Bypass Viv Att. 4/ Acceptable
235-14E 1-FCV-74-33-A (2HP) N/A N/A N/A N/A 85.35 Pass Margin
AFW Pmp A-A Lube Oil Pmp A-A
235-4E 1-MTR-3-118D-A {0.25HP) N/A Manual N/A Manual 89.80 85 Att. 1
480V RMOV Board 1A2-A
480V Bd Rm 1A A/C Compressor 1A-1
236-17E 1-MTR-31-465-A (50hp} N/A Running N/A Running 91.94 85 ALt 1
ERCW Hdr A Isln Viv
236-24 1-FCV-3-116 {0.25hp) N/A Random N/A Randam 84.14 Pass Att. 4
ERCW Hdr A IsIn Viv
236-3A 1-FCV-3-136 {0.33hp) N/A Random N/A Random 84,72 Pass Att. 4
St Gen No 1 FW Isin Viv Use 89-10 Use 89-10
236-3D 1-FCV-3-33-A {39.4hp). 81.97 starts 82.77 starts 82.79 Pass Att. 4
St Gen No 3 FW Isin Vv Use 83-10 Use 89-10
236-4D 1-FCV-3-87 {3%.4hp) 79.85 starts 80.63 starts 80.80 Pass Att. 4
Lwr Cntmt Clr 1A Diseh fso Viv Closes
236-7D 1-FCV-67-87-A (0.13hp) N/A Not Running 84.74 {Starts) 86.85 Pass Att. 4
Upr Cntm Vt CIr 1A Sup Iso Vv Closes
236-7F 1-FCV-67-130-A (0.13hp) N/A Not Running 82.36 {Starts) 84.42 Pass Att. 1
Lwr Cntmt 1A Cr Sply Isln Viv Closes
236-3B 1-FCV-67-107-A (0.33hp) N/A Not Running 85.38 (Starts) 87.49 Pass Atk 4
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Appendix A
1A Boards

EVALUATION of CLASS 1E MOTOR STARTING VOLTAGES at DVR DROPOUT {Analytical Limit)
Comparison of Minimum Available Starting Voltage v/s Required Starting Voltage
Results Shown for DBE Actuation (S1-A or SI-B) and Individual Motor Starts

Sl Phase A Sl Phase B Minimum Required Bases for
DBE Actuation DBE Actuation Individual Motor Start Voltage Minimum Required
Terminal Voltage (%} Terminal Voltage (%) Terminal Voltage (%6) | Terminal Voltage V(%) Voltage
ETAP Bus ID/ o 6.6kV/460V
Compt No Load Description 6.6kV/460VBase | PhaseAl o ory/agovBase | PeSEBl g gry a60v Base Base Reference
Lwr Cntmt 1C Cir Disch lso Vv Closes
236-8D 1-FCV-67-95-A (D.13hp) N/A Not Running 84.49 {Starts) 86.59 Fass Att. 4
Upr Cntm Vi Clr 1C Sup [so Viv Closes
236-8F 1-FCV-67-133-A (0.13hp) N/A Not Running 81.29 (Starts) 83.32 Pass Att. 1
Lwr Cntmt 1C Clr Sply IsIn Viv Closes
236-9A 1-FCV-67-89-A (0.33hp) N/A Not Running 85.07 (Starts) 87.17 Pass Att. 4
Lwr CNTMT 1B CLR DISCH 1SO VLV Closes
236-98 1-FCV-67-104-A (0.33hp} N/A Not Running 85.41 {starts} 87.53 Pass Att. 4
Up Cntmt VT Clr 1A Disc lso Viv Closes Att. 4 { Acceptable
236-9D 1-FCV-67-295 {0.13hp) N/A Not Running 79.88 {Starts) 81,87 Pass Margin
Upr Cntm ¥t Clr 1B Sup Iso Vv Closes
236-9F 1-FCV-57-139-A (0.13hp) NfA Not Running £81.29 (Starts) 83.32 Pass Att. 1
Lwr Catmnt 10 Clr Disch Ise Viv Closes
236-10A 1-FCV-67-112-A (0.33hp) N/A Not Running 85.46 (Starts) £7.58 Pass Att. 4
UP CNTM VT CLR 1C DISH 150 VLV Closes
236-10D 1-FCV-67-286-A (0.13hp) N/A Net Running 81.33 (Starts} 83.36 Pass Att. 1
UP CNTM VT CLR 1D DISH IS0 VLY Closes
236-10F 1-FCV-67-142-A (0.13hp) N/A Not Running 82.36 {Starts} 84.42 Pass Att. 1
RCP Thrm Barr Rtn Cntm isa Viv Closes
236-11D 1-FCV-70-90-A {0.7hp) N/A Not Running 86.05 {Starts) 88.16 Pass Att. 4
RCP Thrm Barr Cntmt Isln Viv Closes
236-11E 1-FCV-70-133-A (0.13hp) N/A Not Running 83.85 {Starts) 85.94 Pass Att. 4
RCF Gil Clr Rtn Cntmt Isln Viv Closes
236-12D 1-FCV-70-92-A (0.13hp) N/A Mot Running 85.13 {Starts) 87.25 Pass Att. 4
Excs Ltdn Hx Cont Inlt Iso Viv Closes on Clases on
236-16D 1-FCV-70-143-A (0.33hp) 83.86 Phase A 84.68 Phase A 86.78 Pass Ait. 4
ERCW Hdr A lsin Viv
236-2B 1-FCV-3-116B-A (0.25HP) N/A N/A N/A N/A 84.13 Pass Att. 4
Att. 4/ Acceptable
Margin with voltage
AFWP Turb Stm Sup Fm 5tm Gean 1 based on Hammer Blow
236-2D 1-FCV-1-15-A {1HP) N/A N/A N/A N/A 92.47* Pass feature *
St Flow To AFWP Turb isln Viv
236-2E 1-FCV-1-17-A (1HP) N/A N/A N/A N/A 89.46 Pass Att. 4
ERCW Hdr A Isin Viv
236-38B 1-FCV-3-136B-A (0.33HP) N/A N/A N/A N/A 84.72 Pass Att. 4
Sample Hx Isln Viv
236-5A 1-FCV-70-215-A {0.13HP) N/A N/A N/A N/A 86.73 Pass Att. 1
Att. 4 / Acceptable
Margin with voltage
Cntmt Spray Hx 1A Sup Cont Viv based on Hammer Blow
236-5E 1-FCV-67-125-A {0.33HP) N/A N/A N/A N/A 92.51* Pass feature *
Att. 4 f Acceptable
Margin with valtage
Cnitmt Spray Hx 1A Disch Viv based o Hammer Blow
236-5F 1-FCV-67-126-A (0.33HP) N/A N/A N/A N/A 92.19* Pass feature *
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Calc. STUDY-EEB-WBN-12-001

Appendix A
1A Boards

EVALUATION of CLASS 1E MOTOR STARTING VOLTAGES at DVR DROPOUT {Analytical Limit)

Comparison of Minimum Available Starting Voltage v/s Required Starting Voltage
Results Shown for DBE Actuation (Si-A or 51-B) and Individual Motor Starts

Sl Phase A 5l Phase B Minimum Required Bases for
DBE Actuation DBE Actuation Individual Motor Start Voltage Minimum Required
Terminal Voltage (%) Terminal Voltage (%) Terminal Voltage (%) | Terminal Voltage V(%) Voltage
ETAP Bus ID/ e 6.6kV/460V
Corpt No Load Description 6.6kv /460 Base |S'PPaseAl g oy sagovBase | SIPhaseBl g 6iv sa60v Base Base Reference
Att. 4 / Acceptable
Margin with voltage
AFWP Turb St Sply Frm St gen 4 hased on Hammer Blow
236-6A 1-FCV-1-16-A (1HF) N/A N/A N/A N/A 92.52* Pass feature *
Att. 4 / Acceptable
Margin with voltage
RHR Sys Isln Bypass Vv based on Hammer Blow
236-6D 1-FCV-74-8-A {1.6HP) N/A N/A N/A N/A 90.99* Pass feature *
Cmpnt Clg Hx A Disch Cont Vv Att. 4 / Acceptable
236-11A 1-FCV-67-146-A [0.3HP) N/A N/A N/A N/A 88.07 Pass Margin
$58&Con AirCpsr Sup Hdr A lsa v Att. 4 / Acceptable
236-12B 0-FCV-67-205-A {0.33HP) N/A N/A NfA N/A 87.86 Pass Margin
CCS HX A ERCW BYPASS FCV
236-15A 1-FCV-67-143-A (D.13HP) N/A N/A N/A N/A 84.62 Pass Att.4
RHR Hx A-A Outlet Viv Att. 4 / Acceptable
236-16E 1-FCV-70-156-A (D.33HP) N/A N/A N/A N/A £8.36 Pass Margin
[Sample Hx Har Outlet Viv
236-17A 1-FCV-70-183-A (0.13HP) N/A N/A N/A N/A 86.09 Pass Att. 4
SFPCS Hx Sply Hdr Isin Viv Att. 4 [ Acceptable
236-17B 0-FCV-70-187-A (0.3HP) N/A N/A N/A N/A £89.74 Pass Margin

480V Reac Vent Board 1A-A

None [
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Calc. STUDY-EEB-WBN-12-001 Appendix A Rev. 0
1B Boards
EVALUATION of CLASS 1E MOTOR STARTING VOLTAGES at DVR DROPOUT [Analytical Limit)
Comparison of Minimum Available Starting Voltage v/s Required Starting Voltage
Results Shown for BBE Actuation (SI-A or $i-B) and Individual Motor Starts
Sl Phase A Sk Phase B Minimum Required Bases for
DBE Actuation DBE Actuation Individual Motor Start Voltage Minimum Reguired
Terminal Voltage (%) Terminal Voltage (%) Terminal Voltage (%) | Terminal Voltage V(%) Voltage
ETAP Bus ID/ 6.6kv / 460V
Compt No Load Description 6.6kV / 460V Base 5| Phase A 6.6kV / 460V Base Sl Phase B 6.6kV / 460V Base Base Reference
6.9kV Shutdown Board 1B-B
Aux Feedwater PMP 1B-B
13-10 AFW 1-MTA-3-128-B (600 HP} 99.01 Starts 99.01 Starts 98.58 85 Att. 3
CNTMT SPRAY PMP 1B-B
13-13 CSP 1-MTR-72-10-8 {700 HP) N/A Not Running 93.70 Start 98.69 80 Att. 3
RHR PUMP 1B-B
13-14 RHR 1-MTR-74-20-B (400 HP) 99.12 Starts 99.12 Starts 99,12 80 Att. 3
SAFETY INJ PMP 1B-B
13-15 Sl 1-MTR-63-15-B (400 HP) 98.85 Starts 98.85 Starts 98.84 80 Att. 3
CNTFGL CHRG PMP 1B-B
13-18 CCP 1-MTR-62-104-8 (600 HP) 98,78 Starts 98.78 Starts 98.78 80 Att. 3
Starts { F-B o, Starts | F-B or
E-B start, but E-B start, but
not both, not beth,
ERCW FMP F-B other is not other is not
13-8 ERCW 0-MTR-67-51-B (800 HP) N/A running)} N/A running) 96.20 90 Att. 3
Starts ([ E-B or Starts ( E-B or
F-Bstart, but F-Bstart, but
not both, not both,
ERCW PMP E-B other is not otheris not Same as ERCW Pmp F-B
13-9 ERCW 0-MTR-67-47-B {800 HP) 55.10 running) 95.10 running) 95.01 a1} (Att. 3} R2
480V Shutdown Board 1B1-B
Comp Cooling Sys Purnp 1B-B
129-3C 1-MTR-70-38-B (350hp) 80.89 {8s) Starts 81.53 {8s) Starts 80.63 70 Att. 3
Elec Bd Am AHU G-8
130-7A 0-MTR-31-31B-B (SDhp) N/A Running N/A Running 90,28 80 Att. 6
Reac Lwr Compt Clr Fan 1B-B
130-7D 1-MTR-30-75-8 (60hp) NfA Running N/A Trips 82.24 a0 Att, 3
480V Shutdown Board 1B2-B
Control Rm A/C B-B Compressor
131-2B 0-MTR-31-96/2-8 (250hp) N/A Running N/A Running 83.25 30 Att, 1
SHDN BC RM CHLR PKG B-B Comprassor
132-3C 0-MTR-31-49/2-B (240hp) N/A Running N/A Running 87.92 85 ALt 1
Reac Lwr Compt Cir Fan 1D-B
132-7D 1-MTR-30-758-B {60hp} N/A Running N/A Trips 82.33 80 Att. 3
Spent Fuel Pit Pmp B-8
132-9A 0-MTR-78-9-B (10Chp} N/A Running N/A Running 83.47 30 Ath, 6
ot Runming Not Running
Cntrat Air Rtn Fan 18-B Starts @ 9 Starts @ 9
132-9C 1-MTR-30-39-B {1G0hp) N/A Min) N/fA Min} 80.27 {SIB) 80 Att. 6
480V 5D Bd Rm AHU C-B8
132-90 0-MTR-31-55-8 {75hp]) N/A Running N/A Running 86.74 85 AL 1
480V C&A Vent Board 1B1-B
Cont Bidg Emerg Press Fan B-B,
205-11A 0-MTR-31-5-B [1hp) 89.06 Starts 90.34 Starts 91.38 85 At 1
Att. 3
ERCW Scrn Wash Pump 1B-8 See Sec. 7.1 for
205-13D 1-MTR-67-440-B (40hp) N/A N/A N/A N/A 73.47 (5IB) 75 lustification
This page revised and replaced by R2 Page 8 of 25



Calc. STUDY-EEB-WBN-12-001 Appendix A Rev.0
1B Boards
EVALUATION of CLASS 1E MOTOR STARTING VOLTAGES at DVR DROPOUT [Analytical Limit)
Comparison of Minimum Available Starting Voltage v/s Required Starting Voltage
Results Shown for DBE Actuation (SI-A or SI-B) and Individual Motor Starts
Sl Phase A Sl Phase B : Minimum Required Bases for
DBE Actuation DBE Actuatien Individual Motor Start Voltage Minimum Required
Terminal Voltage (%} Terminal Voltage {%) Terminal Veltage (%) | Terminal Voltage V(%) Voltage
ETAP Bus iD/ 6.6kV / 460V
Compt No Load Description 6.6kV / 460V Base Sl Phase A 6.6kV / 460V Base S| Phase B 6.6kV / 460V Base Base Reference
Cont Bldg Em Air Clnup Fan B-8
205-2A 0-MTR-31-7-B {10hp) 87.77 Starts 89.03 Starts 89.81 85 Att. 1
Cntmt Spray Pump 1B-B Rm Clr Fan
205-3C 1-MTR-30-178-B (7.5hp) N/A Random 87.96 Starts 89.52 30 Att. 3
Emerg Gas Trtmt Sys Fan B-B
205-4D D-MTR-65-42-B {20hp} 86.53 Starts §7.78 Starts 88.81 80 Att. 3
ERCW Str 1B-8
205-6B 1-MTR-67-10-B {3hp) N/A Runnhing N/A Running 76.88 75 At 3
RWST to Spray Hdr 1A Vv stopped [No Stopped (No Att, 4 / Acceptable
205-7E 1-FCV-72-22 (3.2hp) N/A auto Start} N/A auto Start) 88.14 (SIB) Pass Margin
|ERCW Str 18-B Backwash Viv
205-4E 1-FCV-67-10A-8 {0.33HP) N/A N/A N/A N/A 82,31 80 Att, 1
ERCW $tr 1B8-B Flush Viv
205-6E 1-FCV-67-108-B (0.33HP) N/A N/A N/A N/A 82.32 80 Att. 1
RHR PMP 1B-B INLET FCV Att. 4 / Acceptable
205-7D 1-FCV-74-21-B [5.2HP) N/A N/A N/A N/A 91.09 Pass Margin
Pen Rm El 713 Clr Fan 18-B
205-2C 1-MTR-30-197-B {3HP) 87.64 Starts 88.90 Starts 90.80 80 Att. 3
Shdn Bd Rm Chir CW Cir Pmp B-B
205-3A 0-MTR-31-49/1-B {25HP) N/A N/A N/A N/A 90.61 85 Att. 1
Pipe Chase CIr Fan 1B-B
205-3B 1-MTR-30-202-B {3HP) 86.47 Starts 87.72 Starts 89.20 20 Att. 3 R2
Cntmt Bldg Upper Compt Alr Mon
205-3F1 1-RE-90-112-B {3HP) N/A N/A N/A N/A 89.78 85 Att. 1
Battery Rm El 692 Exh Fan B-8
205-4A 0-MTR-31-29-6 [1.5HF) N/A N/A N/A N/A 87.82 85 Att. 1
CNTMT PURGE AIR EXH MON
205-4F1 1-RE-80-131-B (0.75HP) N/A N/A N/A N/A 92.86 85 Atk 1
SFP PmpB-B&TB Bst Pmp SpllrFan
205-5A 0-MTR-30-193-B (7.5HP) 86.27 Starts 87.51 Starts 88.78 A Att. 3
CCS & AFW Pumps Sp Clr Fan B-B
2(5-5E 1-MTR-30-191-B (20HP} 86.59 Starts £7.83 Starts 88.44 80 Att. 3
SHUTDOWN BD RM A PRESS FAN C-B
205-6A 0-MTR-31-67-B {3HP) N/A N/A N/A N/A 91.61 85 Att. 1
Traveling Scrn 1B-8
205-6C 1-MTR-57-445-B (5HP) N/A N/A N/A N/A 80.61 (51B) 80 Att.3
125V Vtl Bat Rm | Ex Fan 1A2-8
205-78 1-MTR-31-288-B (0.33HP) N/A N/A N/A NfA .17 85 Att. 1
High Press Fire Pmp Str B-B
205-7C 0-MTR-26-14-B {0.75HP) N/A N/A N/A N/A 86.83 85 Att. 1
Safety Inj Prmyp 1B-B Rm Cir Fan
205-8A 1-MTR-30-179-B (5HP) N/A N/A N/A N/A 86.06 80 Att.3
Pen Rm El 692 Clr Fan 1B-B
205-8B 1-MTR-30-187-B (3HP) N/A N/A N/A N/A 89.52 30 Att.3
Shtdn Xfrnr Rm 1B Exh Fan 1B2-E
205-8C 1-MTR-30-248F-B (3HP) N/A N/A N/A N/A 89.94 80 Att.3
Shtdn Xfmr Rm 18 Exh Fan 1B3-
205-8D 1-MTR-30-248G-B (3HP) N/A N/A N/A N/A 89.89 80 Att.3
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Calc. STUDY-EEB-WBN-12-001 Appendix A Rev. D
1B Boards
EVALUATION of CLASS 1E MOTOR STARTING VOLTAGES at DVR DROPOUT (Analytical Limit)
Comparison of Minimum Available Starting Voltage v/s Required Starting Voltage
Results Shown for DBE Actuation (SI-A or S1-B) and Individual Motor Starts
Sl Phase A S1Phase 8 Minimum Required Bases for
DBE Actuation DBE Actuation Individual Motor Start Voltage Minimum Required
Terminal Voltage (%) Terminal Voltage (%) Terminal Voltage (%) | Terminal Voltage V(%) Voltage
ETAP Bus 1D/ 6.6kV / 460V
Compt No Load Description 6.6kV / 460V Base S| Phase A 6.6kV / 460V Base Sl Phase B 6.6kV / 460V Base Base Reference
Cont Rm A/C Cir Pmp B-B
205-8E 0-MTR-31-96/1-B (15HF} N/A N/A N/A N/A 85.40 85 Att, 1
CONT RM A/C B-B CONTROL/C.PMP
205-8F1 O-MTR-31-96/3-B [3HP) N/A N/A N/A N/A 91.69 85 Att. 1
RHR Pmp 1B-8 Rm CIr Fan
205-9A 1-MTR-30-176-8 {SHP) 83.13 Starts 84.33 Starts 83.45 20 Att.3
Sth Vitl Batt Rm Exh Fan 1B2-8
205-98 0-MTR-31-496B-8 (0.25HP) N/A N/A N/A N/A 93.69 85 Att, 1
4380V Bd Rm 1A Pr Sup Fan 1A2-8
205-5C 1-MTR-31-463-8 (3HP} N/A N/A N/A N/A 92.36 85 At 1
Shtdn Xfmr Rm 1B Exh Fan 1B1-B
205-9D 1-MTR-30-248E-B (3HP) N/A N/A N/A N/A 87.59 30 Att.3
Pen Rm El 737 Clr Fan 1B-B
205-9E 1-MTR-30-195-B [3HP) 87.45 Starts 88.71 Starts 89.63 80 Att.3
Cntfg Chrg Pmp 1B-B Rm Clr Fan
205-10A 1-MTR-30-182-B {5HP) 84.65 Starts 85.87 Starts 85.42 20 Att.3
480V Bd Rm 1B Pr Sup Fan 1B2-B
205-108 1-MTR-31-477-B (3HP) N/A N/A N/A N/A 92,22 85 Att. 1
125V VTL BAT RM Il EXFAN 1B2-B
205-10C 1-MTR-31-286-8 [0.33HP) N/A N/A N/A N/A 51.01 85 Att. 1
Cont Rm Intake Mon
205-1QF1 0-RE-90-206-B {0.75HP) N/A N/A N/A N/A 89.58 85 AtL, 1
480V Bd Rm 18 A/C Ahu 1B-B
205-11B 1-MTR-31-475-B (20HP) N/A N/A N/A N/A 89.39 85 Att. 1
480V Bd Rm 1B A/C Cond 1B-B
205-11C 1-MTR-31-289-B {20HP) N/A N/A N/A N/A 91.40 85 Att. 1
Cont Rm Ahu B-B
205-11D CG-MTR-31-11-B [60HP) N/A NiA N/A N/A 87.63 85 At 1 R2
480V C&A Vent Board 182-B
Nene |
480V Diesel Aux Board 181-B
DG 1B-B RM EXH FAN 1-B
219-2B 1-MTR-30-443-8 (15hp) $0.80 Starts 9141 Start 91.42 85 Att. L
DG 1B-B DAY TNK FO XFR PMP 1
219-3D 1-MTR-18-55/2-B (1hp) 20.85 Random 91.46 Randaom 93.65 85 Att. 1
Dg 1B-B Aux Lube®il Circ Pmp A
219-48 1-MTR-82-A0PA2B (0.75hp) 91.49 Starts 92.11 Starts 93.89 85 Att. 1
DG 18-B Muffler Rm Exh Fan
219-6A 1-MTR-30-465 {0.5hp) 91.27 Starts 91.88 Starts 94,31 85 Att. 1
Dg 1B-B Lube Gil Cire Pmp 1
219-2D 1-MTR-82-81-B (1HP) N/A N/A N/A N/A 93.7¢ 85 Att 1
DG 1B-B 480V ELEC B0 RM EX FAN
219-4E 1-MTR-30-461-B (2HP) N/A N/A N/A N/A 93.52 85 Att. 1
480V Diesel Aux Board 1B2-B
DG 1B-B Rm Exh Fan 2-B
220-2B 1-MTR-30-453-B (15hp) 91.32 Starts 91,79 Starts 92.60 85 Att. 1
DG 1B-B DAY TNK FO XFR PMP 2
220-3D 1-MTR-18-54/2-B (1HP) 91.14 Starts 91.60 Starts 24,85 85 Att. 1
Dg 18-B Aux LubeOil Circ Pmp B
220-2A 1-MTR-82-AOPB2B {0.75HP) N/A N/A N/A N/A 94,33 85 Att, 1
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Cale. STUDY-EEB-WBN-12-001 Appendix A Rev, 0
1B Boards
EVALUATION of CLASS 1E MOTOR STARTING VOLTAGES at DVR DROPOUT [Analytical Limit)
Comparisen of Minimum Avallable Starting Voltage v/s Required Starting Voltage
Results Shown for DBE Actuation {5I-A or 51-B) and Individual Motor Starts
S| Phase A 5l Phase B Minimum Required Bases for
DBE Actuation DBE Actuation Individual Motor Start Valtage Minimum Required
Terminal Voltage (%) Terminzl Voltage (%) Terminal Voltage (%) | Terminal Voltage V(%) Voltage
ETAF Bus 1B/ 6.6kV / 460V
Compt No Load Description 6.6kV / 460V Base SI Phase A 6.6KkV / 460V Base 5] Phase B 6.6kV / 460V Base Base Reference
Dg 18-B Luke Oil Circ Pmp 2
220-20 1-MTR-82-B2-B (1HP} N/A N/A N/A N/A 94.71 85 Att. 1
480Y RMOV Board 1B1-B
SIS ACCUM TANK FLOW ISOL VLV Opens on Sl Opens on S
237-3F2 1-FCV-63-98-B (6.6hp) 91.28 {Starts) 92.56 [Starts) 94.86 Pass Att. L
Seal Flow Ret IsIn Viv Closes on Ph Closes on Ph
237-6D 1-FCV-62-61-B (1.9hp)} 81,68 A {Starts) 82.82 B [Starts) 85.18 Pass Att. 4
CHRG FLOW ISLN VLV Closes an S| Closes cn Sl
237-7A 1-FCV-62-91-B (1.9hp) 86.42 {tarts) 87.63 (Starts) 90.11 Pass Att. 4
Vol Cant Tank Qutlet Isln Viv Closes on 5! Closes on 51
237-8A 1-LCV-62-133-B (1.9hp) 81.82 (Starts} 82.97 (Starts) 85.33 Pass Att. 4
RWST To Charging Pmp Vlv Cont Opens on 51 Opens on 5]
237-8B 1-LCV-62-136-8 {1.9hp) 79.51 (Starts) 80.63 (Starts) 82.92 Pass Att. 4
SIS 1A-A DSH TO RWST SHTFF VLV Mot Running Not Running Att. 4/
237-10A 1-FCV-63-4-B {0.7hp) N/A or Starting N/A or Starting 84.83 Pass Acceptable Margin
Att. 4 / Acceptable
Margin with voltage
RWST To SIS Pump Flow Cont Vv Mot Running Not Running kased on Hammer Blow
237-108 1-FCV-63-5-8 (1.8hp) N/A or Starting N/A or Starting 88.02* Pass feature *
Att. 4 / Acceptable
Margin with voltage
515 PMP INLT TC CVCS CHRG PMP Not Running Nat Running based on Hammer Blow
237-11A 1-FCV-63-6-B {1.9hp} N/A or Starting N/A or Starting 88.21* Pass feature *
SIS Boron Inj Tank Shutoff Viv Cpens on Sl Opens on S|
237-11E 1-FCV-63-25-B (1.9hp) 82,98 (Starts) 84.14 (Starts) 86.53 Pass Att. 4 R2
Att. 4 / Acceptable
Margin with voltage
SIS Pmp 1B-B Inlet Viv Not Running Not Running based on Hammer Blow
237-128 1-FCV-63-48-B (1.%hp) N/A or Starting N/A or Starting 90.23* Pass feature *
Opens at Opens at
CNTMT SLIMP TO RHR PMP B-B approx. 20 approx. 20 Att. 4/
237-12D 1-FCV-63-73-B (13hp) N/A min N/A min 88.20 Pass Acceptable Margin
Att. 4 (5 sec after S} -
Cntmt Spray Hdr 1B Isln Viv Closed, Not Cpens, Time Delay added per
237-14A 1-FCV-72-2-B (3.2hp) N/A Running 92.98* (5s) Starting. 92.86* Pass DCN 52834
RHR Pmp 1B-B Min Flow Vv Opens, Cpens,
237-158B 1-FCV-74-24-B {0.13hp) 79.61 Starting. 80.73 Starting. 83.12 Pass Att. 4
AFW Pmp B-B Lube Qil Pmp B-B
237-17D 1-MTR-3-128D-B (0.25HP} N/A N/A N/A N/A 89.64 85 Att. 1
Att. 4 / Acceptable
Margin with voltage
RCS Press Relief Flaw Cont Viv based an Hammer Blow
237-5E 1-FCV-68-332-B (1.9HP) N/A NfA N/A N/A 88.06* Pass feature *
RHR To RCS H.L. 1&3 Flow Iso V Att. 4 / Acceptable
237-98 1-FCV-63-172-B (2.6HP) N/A N/A N/A N/A 86.20 Pass Margin
This page revised and replaced by R2 Page 11 of 25



Cale. STUDY-EEB-WBN-12-001

Appendix A
1B Boards

Rev.Q

EVALUATION of CLASS 1E MOTOR STARTING VOLTAGES at DVR DROPOUT [Analytical Limit)

Comparison of Minimum Available Starting Voltage v/s Required Starting Voltage
Results Shown for DBE Actuation {SI-A or SI-B) and Individual Motor Starts

Sl Phase A Sl Phase B Minimum Required Bases for
DBE Actuation DBE Actuation Individual Motor Start Voltage Minimum Required
Terminal Voltage (%) Terminal Voltage (%) Terminal Voltage (%) | Terminal voltage V(%) Voltage
ETAP Bus ID/ 6.6kV / 460V
Compt No Load Description G.6kV / 460V Base Sl Phase A 6.6kv / 460V Base Sl Phase B 6.6kV / 460V Base Base Reference
Att. 4 (10 sec after 51) -
Cont Spray Pmp 1B-B Recire FCV Time Delay added per
237-9F 3-FCV-72-13-B (0.13HF} N/A N/A N/A N/A 90.08* Pass DCN 52834
RHR Hx B Te SIS Pmp Att. 4 / Acceptable
237-118 1-FCV-63-11-B [2HP) N/A N/A N/A NfA 85.98 Pass Margin
SIS To RCS Loops 184 FOV
237-12E 1-FCV-63-94-B [1.6HP) N/A N/A N/A N/A 90.80 Pass Att. 4
Att. 4 / Acceptable
Margin with voltage
515 Prnp 1B-B Qutlet FCV based or Hammer Biow
237-13A 1-FCV-63-153-B (1.9HP} N/A N/A N/A NfA 88.75* Pass feature *
Att. 4 / Acceptable
Margin with valtage
SIS PMP QUT RCS LP 2&4 H. LEG based on Hammer Blow
237-13B 1-FCV-63-167-8 (1.9HP) N/A N/A N/A N/A 91.36* Pass feature *
SIS 18-B Psh Ta RWST Shtff Vv Att. 4 / Acceptable
237-13D 1-FCV-63-175-8 (0.7HP) N/A N/A N/A N/A 84.86 Pass Margin
RHR Spray Hdr 1B Isn Vv Aftt. 4 / Acceptable
237-14D 1-FCV-72-41-B (1.9HP) N/A N/A N/A N/A 85.82 Pass Margin
Att. 4 / Acceptable
Margin with voltage
Cntmt Sump To Spray Hdr 1B FCV hased on Hammer Blow
237-14E 1-FCV-72-45-B {3.2HP) N/A N/A N/A N/A 89.68* Pass feature *
RHR Hx 1B Bypass Viv Att. 4 / Acceptable
237-15D 1-FCV-74-35-B {1.9HP}) N/A N/A N/A N/A 83.17 Pass Margin
480V RMOV Board 1B2-B
ERCW Hdr B Isln Viv
238-2A 1-FCV-3-126A-B (0.25hp) N/A Rahdotn N/A Random 83.60 Pass Att. 4
ERCW Hdr B IsIn Vv Att. 4/
238-3A 1-FCV-3-179A-B {0.33hp) N/A Randem N/A Random 83.71 Pass Acceptable Margin R2
STGEN NO 2 FW ISLN VLV
2318-3D 1-FCV-3-47-B (3%.4hp) 80.64 Starts 21.41 Starts B2.74 Pass Att. 4
St Gen No 4 FW Isin Viv Use 89-10 Use 89-10
238-4D 1-FCV-3-100-8 {39.4hp) 80.64 start 81.41 start 8§2.74 Pass Att. 4
LWR CNTMT 1A CLRS ISLN VLV Closas
238-5C 1-FCV-67-113-B {0.13hp) N/A Not Running 82.01 {Starts) 85.62 Pass Att. 4
RCP Thrim Bar Rtn Cntmt Iso Viv Closes
238-6D 1-FCV-70-87-B (0.7hp} N/A Not Running 84.16 (Starts) 87.83 Pass Att. 4
RCP THRM BAR CNTMT IS0 VLV Closes
238-6E 1-FCV-70-134-B {0.13hp) N/A Not Running 82,33 [Starts) 85.96 Pass Att. 4
Lwr Cntmt 1B CIr Dish Iso Viv Closes
238-7D 1-FCV-67-103-B (0.13hp) N/A Not Running 82.80 {starts} 86.22 Pass AlL. 4
Up Cntm Vit CIr 1A Dish Iso Vv Closes
238-7F 1-FCV-67-131-B {0.13hp) N/A Not Running 80.64 {Starts} 83.98 Pass ALt 1
Lwr Cntmt 1D Clr Dish Iso Viv Closes
238-8D 1-FCV-67-111-B {D.13hp) N/A Not Running 83.11 {Starts} 86.55 Pass Att. 4
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Calc. STUDY-EEB-WBN-12-001 Appendix A Rev. 0
1B Boards
EVALUATION of CLASS 1E MOTOR STARTING VOLTAGES at DVR DROPOUT {Analytical Limit)
Comparison of Minimum Available Starting Vcltage v/s Required Starting Voltage
Results Shown for DBE Actuation (Si-A or SI-B) and Individual Motor Starts
Sl Phase A SIPhase B Minimum Required Bases for
DBE Actuation DBE Actuation Individual Motor Start Voltage Minimum Required
Terminal Voltage (%) Terminal Voltage (%) Terminal Voltage (%) | Terminal Voltage V(%) Voltage
ETAF Bus IDf 6.6KkV / 460V
Compt No Load Description 6.6kV / 460V Base SI Phase A 6.6kV / 460V Base Sl Phase B 6.6kV / 460V Base Base Reference
Up Cntm vt Clr 1C Dish Iso Viv Closes
238-8F 1-FCV-67-134-B {0.13hp) N/A Not Running 80.60 [Starts) 83.93 Pass Att. 1
Lwr Cntmt 1A Clr Dish Iso Viv Closes
238-9A 1-FCV-67-88-B (0.32hp) NfA Mot Running 83,71 [Starts) 87.i6 Pass Att. 4
Lwr Cntmt 1C Clr Dish Iso Viv Closes
238-9B 1-FCV-67-96-B {0.33hp) N/A Not Running 83.83 {Starts) 87.28 Pass Att. 4
Up Cntm Yt Cir 1B Cish Iso Viv Closes
238-93 1-FCV-67-287-B {0.13hp) N/A Not Running 81.49 {Starts) 84.87 Pass At 1
Up Cntm Vt Clr 1B Sup isa Viv Closes
23B-9F 1-FCY-57-138-B {0.13hp) N/A Not Running 80.55 (Starts) 83.88 Pass Attt 1
Lwr Cntrmt 1B Clr Sply Isln Viv Closes
238-10A 1-FCVY-67-91-B (0.33hp) N/A, Not Running 83.74 (Starts) §7.21 Pass Att. 4
Lwr Cntmt 1D Clr Sply Isin Viv Closes
238-108 1-FCV-67-83-B (0.33hp) N/A Not Running 34.33 [Starts) 87.82 Pass Att. 4
UP CNTM VT CLR 1D DIS 1SC VLV Closes
238-10D 1-FCV-67-298-B (0.13hp) N/A Net Running 80.13 [Starts} 83.46 Pass Att. 1
Up Cntm Vi CIr 10 Sup [so Viv Closes
238-10F 1-FOV-67-141-8 {0.13hp) N/A Not Running 80.92 {Starts} 84.29 Pass At 1
LWR CNTMT 1C CLRS ISLN VLV Closes
238-11D 1-FCV-67-105-B (0.13hp} N/A Not Running 81.77 {Starts) 85.16 Pass Att. 4
RCF Gil CIr Rtn Cntnt Isin Vv Closes
238-13D 1-FCV-70-89-B {0.13hp) N/A Mot Runnihg 83.44 (Starts) 86.91 Pass Att. 4 R2
RCP Cil CIr Hdr Cntmt Islr: VIv Closes
238-13F 1-FCV-70-140-B {0.33hp) N/A Not Running 83.64 {Starts) 87.10 Pass Att. 4
480V Bd Rm 1B A/C Corsr 1B-B
238-18D 1-MTR-31-447-8 {75HP) N/A NfA N/A N/A 89.30 as Att. 1
ERCW Hdr B Isln Vv
238-2B 1-FCV-3-126B-B [0.25HP} NfA N N/A N/A 83.62 Pass Att. 4
Att. 4 / Acceptable
Margin with voltage
St Flow To AFWP Turb isin Viv based on Hammer Blow
238-2E 1-FCV-1-18-B {1HP} N/A N/A N/A N/A 92.50* Pass feature *
ERCW Hdr B Isln Viv
238-3B 1-FCY-3-179B-B [0.33HP) N/A N/A N/A NfA 83.72 Pass Att. 4
Att. 4 / Acceptable
Margin with voltage
Cntmt Spray Hx 1B Sup Cont Viv based on Hammer Blow
238-5E 1-FCV-67-123-B {0.33HP) N/A N/A N/A N/A 92.08* Pass feature *
Att. 4 / Acceptable
Margin with voltage
Cntmt Spray Hx 1B Disch Viv based on Hammer Blow
238-S5F 1-FCV-67-124-B (0.33HP) N/A N/A N/A N/A 91.73* Pass feature *
STA S & CACSUP HCR B ISO VLY
238-11B 0-FCV-67-208-B (0.33HP) N/A N/A N/A N/A 91.28* Pass Att. 4
CCS HX B ERCW BYPASS FCV Att. 4 / Accepiable
238-17D 0-FCV-67-144-B (0.13HP) N/A N/A N/A N/A 84.33 Pass Margin
480V Reac Vent Board 1B-B
None |
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Calc. STUDY-EEB-WBN-12-001 Appendix A Rev. 0
1B Boards
EVALUATION of CLASS 1E MOTOR STARTING VOLTAGES at DVR DROPOUT {Analytical Limit)
Comparison of Minimum Available Starting Voltage v/s Required Starting Voliage
Results Shown for DBE Actuation {SI-A or SI-B) and Individual Motor Starts
Sl Phase A 51 Phase B Minimum Required Bases for
DBE Actuaticon DBE Actuaticn Individual Motor Start Voltage Minimum Required
Terminal Voltage (%} Terminal Voltage (%) Terminal Voltage (%) | Terminal Voltage V(%) Voltage
ETAP Bus 1D/ 6.6kv / 460V
Compt No Load Description 6.6kV / 460V Base Sl Phase A 6.6kV / 460V Base Sl Phase B 6.6kV / 460V Base Base Reference
* This MOV terminal voltage is calculated taking credit for the hammer blow feature.
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Calc. STUDY-EEB-WBN-12-001

Appendix A
2A Boards

EVALUATICON of CLASS 1E MOTOR STARTING VOLTAGES at DVR DROPOQUT (Analytical Limit}
Comparison of Minimum Available Starting Voltage v/s Required Starting Voltage
Results Shown for DBE Actuation {SI-A or 51-8) and Individual Motor Starts

S1Phase A Sl Phase B Minimum Reguired Bases for
DBE Actuation DBE Actuation Individual Motor Start Voltage Minimum Required
Terminal Voltage (%) Terminal Voltage (%) Terminal Voltage (%) | Terminal Voltage V(%) Voltage
ETAP Bus ID/ 6.6kv / 460V
Compt No Load Description 6.6kV / 460V Base S| Phase A 6.6kV / 460V Base 5| Phase B 6.6kV / 460V Base Base Reference
6.9KV Shutdown Board 2A-A
1410 AFW  |PUXTFEEDWIR ENIF 2A-A
2-MTR-3-118-A (500hp) 98.98 Starts 98.98 Starts 98.94 85 Att. 3
14-13 CSP CNTMT SPRAY PMP 2A-A Based on Unit 1 motor
2-MTR-72-27-A (700hp) N/A Not Running N/A Starts 98.60 80 data (Att. 3)
14-14 RHR RHR PMP 2A-A Based on Unit 1 mator
2-MTR-74-10-A {400hp} 9%.08 Starts 95.08 Starts 99.08 80 data (Att. 3)
14-15 51 SAFETY IN) PMP ZA-A Based on Unit 1 motor
2-MTR-63-10-A [200hp) 08.83 Starts 08.83 Starts 98.83 80 data (Att. 3)
14-18 CCP CNTFGL CHRG PMP 2A-A
2-MTR-62-108-A [600hp) 98.98 Starts 48.98 Starts 98.97 30 Att. 3
14-8 ERCW Starts { D-A Starts ( D-A
or C-A start, or C-A start,
but not both, but naot both,
ERCW PMP D-A other is not ather is not
O-MTR-67-40-A (S00hp) N/A rurning) N/A running) 96.5% 90 Att. 3
14-3 ERCW Starts ( D-A Starts [ D-A
or C-A start, or C-A start,
but not both, but not both,
ERCW PMP C-A ather is not other is not Same as ERCW Pmp D-A
D-MTR-67-36-A (800hp} 96.67 running} 96.67 running) 96,61 90 (Att. 3)
480V Shutdown Board 2A1-A
Cmpnt Clg Sys Pmp 2A-A
133-38 2-MTR-70-59-A [350hp] 81.38 (8s} Starts 81.78 (8s) Starts 81.26 70 Att. 3
Tot Running Mot Running
Cntmt Air Rtn Fan 2A-A Starts @ 9 Starts @ 9
134-10C 2-MTR-30-38-A (100hp) NfA Min) N/A Min} B2.41 (518} 30 Att. 6
Reac Lwr Compt CIr Fan 2A-A Based an Unit 1 motor
134-7C 2-MTR-30-74-A (60hp) N/A Running N/A Trips 83.31 80 data {Att. 3)
Elec Bd Rm AHU B-A
134-9C 0-MTR-31-30D-A (SOhp) N/A Running N/A Running 83.48 80 Att. b
480V Shutdown Board 2A2-A
Elec BQ Am AJC A-A Cprsr
135-2C OMTR-31-128/2-A {250hp) N/A Running N/A Running 86.06 85 Att. 1
SHDN BD RM CHLR PKG A-A CPRSR
135-3C 0-MTR-31-36/2-A (240hp) N/A Running N/A Running 91,51 35 Att. 1
REAC LWR COMPT CLR FAN 2C-A Based on Unit 1 motor
136-7D 2-MTR-30-77-A [60hp) NfA Running N/A Trips 8111 80 data (Att. 3)
480V SHUTDOWN BD RM AHU B-A
136-8D 0-MTR-31-44-A [75hp) N/A Running N/A Rurning 86.84 85 Att. 1
Spent Fuel PIt Pmp A-A
136-90 0-MTR-78-12-A (100hp) N/A Running N/A Running 82.29 80 Att. &
48DV Reactor Vent Board 2A-A
None |
48DV CBA Vent Board 2ZA1-A
Cnitfg Chrg Pmp 2A-A Rm CIr Fan Based on Unit 1 motor
207-10A, 2-MTR-30-183-A {5HP) 83.44 Starts on S £84.19 Starts on S| 86.10 80 data {Att. 3)
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Cale. STUDY-EEB-WBN-12-001

Appendix A
2A Boards

EVALUATION of CLASS 1E MOTOR STARTING VOLTAGES at DVR DROPQUT {Analytical Limit)

Camparisan of Minimum Available Starting Voltage v/s Required Starting Voltage
Results Shown for DBE Actuation (51-A or $I-B) and Individual Motor Starts

S1Phase A S| Phase B Minimum Required Bases for
DBE Actugtion DBE Actuation Individual Motor Start Voltage Minimum Required
Terminal Voltage (%) Terminal Voltage (%) Terminal Voltage {%) | Terminal Voltage V{3) Voltage
ETAP Bus 1D/ 6.6kV [ 460V
Compt No Load Cescripticn 6.6kY [ 460V Base 51 Phase A 6.6k / 460V Base Sl Phase B 6.6kV / 460V Base Base Referance
Pen Rm El 713 Clr Fan 2A-A Based on Unit 1 motor
207-10B 2-MTR-30-196-A {3HP) 87.11 Startson Si 87.89 Starts on SI 90.89 80 data {Att. 3}
Pipe Chase Clr Fan 2A-A Based on Unit 1 motor
207-10C 2-MTR-30-201-A (3HP) 84.55 Starts on SI 85.31 Starts on 5l 86.93 80 data (Att. 3)
ABGTS HUM HTR A-A Starts an ABI Starts on ABI
207-10D 0-HTR-30-147-A (50,008KW) N/A {from Si) N/A {from si) N/A Static Load N/a
480Y Bd Rm 2B Pr Sup Fan 2B1-A
207-11A 2-MTR-31-478-A (3HP) N/A Running N/A Running 92.41 85 Att. 1
480V Bd Rm 2A A/C Ahu 2A-A
207-11C 2-MTR-31-461-A (10HP) N/A Running N/A Running 88.57 85 Att. 1
125V Vital Bat Rm [l Ex Fan 2B1-A
207-12A 2-MTR-31-285-A (D.33HP) NfA Running N/A Running 91.84 85 Att. 1
480V Bd Rm 2A AJC Cond 2A-A
207-12C 2-MTR-31-290-A (15HP} N/A Running N/A Running 91.02 85 At 1
Ccntmt Purge Air Radn Exn Mon
207-12F1 2-RE-90-130-A (0.75HP) N/A Running N/A Running 93.45 85 Att. 1
ERCW SCREEN WASH PUMP 2A-A Att. 3
207-13D 2-MTR-67-437-A (40HP) N/A Running N/A Running 76.53 75 Also See Sec. 7.1
AUX CONTROL AIR COMPRESSOR A-A
207-28 0-MTR-32-60-A {20hp) N/A Not Running N/A Not Running 84.61 80 Aty 1
Pen Rm El 692 CIr Fan 2A-A Based cn Unit 1 motor
207-2C 2-MTR-30-186-A (3HP) 84.16 Starts on Sl 84.92 Starts on S| 86.97 80 data (At1. 3)
Shdn Bd Rm Chir CW Cir Prmp A-A
207-3A 0-MTR-31-36/1-A (25HP} N/A Running N/A Running 86.75 B5 Att. 1
Cntm Spray Pmp 2A-A Rm Clr Fan Starts on Based on Unit I motor
207-3C 2-MTR-30-177-A {7.5HP) N/A Running 84,21 Phase B 87.19 80 data (Att. 3}
Aux BIDG Gas Trtmt 5ys Fan A-A Starts On ABI
207-30 2-MTR-30-146-A (S0hp) 83.76 (from Sl) 84.51 Starts On AB! 89.53 20 Att. 3
EG Trtmit Sys A-A Rm Clr Fan Starts on ABI Starts on ABI
207-4A 2-MTR-30-200-A {3HP) 86.11 [from SI) 86.89 {from SI) 91.20 80 Att. 3
ERCW Str 2A-A Backwash Viv
207-4E 2-FCV-B67-9A-A (0.33HP) N/A N/A N/A N/A 83.90 80 Att. 1
AFW & BA XFR SPACE CLR FAN A-A Starts on ABT Starts on ABI Based on Unit 1 motor
207-5E 2-MTR-30-184-A (15HP) B7.08 {from 51 87.87 {from 51) 90,96 80 data (Att. 3)
ERCW 5tr 2A-A
207-68 2-MTR-67-9-A (3HP) N/A Running N/A Running 82.53 75 Att. 3
Traveling Sern 2A-A
207-6C 2-MTR-67-439-A (5HP) N/A N/A N/A N/A 81.49 80 Att. 3
125V VIT BAT RM IV EXFAN ZA1-A
207-7B 2-MTR-31-287-A {0.33HP) N/A Running N/A RuRrning 92.12 85 Att. 1
Safety Inj Pmp 2A-A Rm CIr Fan Starts on Starts on Based on Unit 1 motor
207-8A 2-MTR-30-180-A {SHP) 84.46 {2s) Pump Start 80.70 Pump Start 81.70 80 data (Att. 3)
Pen Rm El 737 CIr Fan 2A-A Starts on ABI Starts on ABI
207-88 2-MTR-30-194-A (3HP) 27.66 {from 3} 88.45 [from sl 92.45 30 Att. 3
480V Xfmr Rm 2A Exh Fan 2A2-A
207-8C 2-MTR-30-250F-A {3HP) N/A Running N/A Running 91.94 80 Att. 3
480V Xfror Rm 2A Exh Fan 2A3-A
207-8D 2-MTR-30-250G-A (3HP) N/A Running N/A Running 91.94 80 Att. 3
EL BC &M A/C A-A CONTROL/O.FMP
207-8F1 0-MTR-31-128/3-A (3.11HP) N/A Running N/A Running 91.13 85 Att. 1
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Cale. STUDY-EEB-WBN-12-001

Appendix A
2A Boards

EVALUATION of CLASS 1E MOTOR STARTING VOLTAGES at DVR DROPQUT {Analytical Limit)
Camparison of Minimum Available Starting Voltage v/s Required Starting Voltage
Results Shown for DBE Actuation {SI-A or 5I-B) and Individual Motor Starts

Sl Phase A 5l Phase B Minimum Required Bases for
DBE Actuation DBE Actuation Individual Motor Start Voltage Minimum Required
Terminal Voltage {%) Terminal Voltage (%) Terminal Voitage {36} | Terminal Voltage V(%) Voitage
ETAP Bus 1D/ 6.6kV / 460V
Compt No Load Description 6.6kV / 460V Base | SIPhase A] 6.6kV/ 460V Base | SIPhase B 6.6kV / 460V Base Base Reference
RHR Pmp 2A-A Rm Cir Fan Based on Unit 1 motor
207-9A 2-MTR-30-175-A (5HP) 84.23 [2s) Starts on Sl 80.47 Starts on 5! 81.35 BO data (Att. 3)
C.BIDG Ele BdRm AC Cir Pmp A-A
207-98 D-MTR-31-128/1-A {20HP) N/A Running N/A Running 88.10 85 Att. 1
480V 8d Rm 2A Pr Sup Fan 2A1-A
207-5C 2-MTR-31-462-A {3HP) N/A Running NfA Running 42.31 85 Att. 1
480V Ximr Rm 2A Exh Fan 2A1-A
207-9D 2-MTR-30-250E-A (3HP) N/A Rurning N/A Running 91.45 85 Att. 1
Cont Rm Intake Mon
207-9F1 (0-RE-90-125-A (0.75HP) NiA Running N/A Running 93.16 85 At 1
RWST To Spray Hdr 2A FCV Att. 5/ Acceptable
207-7E 2-FCV-72-22-A{3.2HP) NfA N/A N/A NfA 86.30 Pass Margin
480V CBA Vent Board 2A2-A
None [
480V Diesel Aux Board 2A1-A
DG 2A-A RM EXH FAN 1-A
221-2B 2-MTR-30-448-A [15hp} 92.28 Starts 92.66 Starts 93,44 85 Att. 3
DG 2A-A Lube Ol Cire Pmp 1
221-2D 2-MTR-82-A1-A (1hp) N/A Running N/A Running 94.72 85 Att. 1
EM DG ENG HX 2A1 & 242 SUP VLV
221-3A 2-FCV-67-66-A{0,13hp) 82.55 Starts 82.90 Starts 85.97 Pass Att. 5
DG 2A-A DAY TNK FO XFR PMP 1
221-3D 2-MTR-18-55/3-A (1hp) 91.55 Random 91,94 Rantiom 94.78 85 Att. 1
DG 2A-A Aux LubeQil Circ Pmp A
221-4B 2-MTR-82-ACPALA {0.75hp) N/A Running N/A Running 94.97 85 Att. 1
Startson Startson
DG 2A-A Mufiler Rm Exh Fan Diese!l Start Diesel Start
221-6A, 2-MTR-30-454 [0.5hp) 91.99 from SI 92.37 from 3| 94.50 85 Att. 3
DG Rm 2A-A Pnl Vent Fan
221-4D 2-MTR-30-492-A (15HP} N/A N/A N/A N/A 92.29 85 Att. 3
2A-A 480V ELEC BD RM EX FAN
221-4E 2-MTR-30-360-A (2HP) N/A N/A NfA N/A 95.16 85 Att. 1
480V Diesel Aux Board 2A2-A
DG 2A-A Aux LubeQil Circ Pmp B
222-2A 2-MTR-82-A0PB1A (0.75hp)} N/A Running N/A Running 94,93 85 Att. 1
DG ZA-A RM EXH FAN 2-A
222-2B 2-MTR-30-452-A (15hp} 92.5% Starts 92.85 Starts 93.29 85 Att. 3
DG 2A-A Lubz Ol Circ Pmp 2
222-2D 2-MTR-82-A2-A {1hp) N/A Running N/A Running 94.98 85 Att. 1
DG 2A-A DAY TNK FO XFR PMP 2
222-3D 2-MTR-18-54/3-A (Lhp} 92.18 Random 92.44 Random 94.84 85 Att. 1
480V RMOV Board 2A1-A
Cntm Spray Pmp 2A-A Recirc FCV Closes 108
239-10F 2-FCY-72-34-A {0.13hp) N/A Not Running N/A after Phase B 89.37 Pass Att. 5
SiS Boron Inj Tank Shutoff Vv Opens on S Opens on S
239-110 2-FCV-63-26-A {1.9hp) 86,11 {Starts) 86.83 {Starts) 92.06 Pass ntt. 5/ Acceptable Margin
Operate Upperate
about 20 about 20
Cntmt Sump To RHR Pmp A-A minutes after| minutes after|
239-128B 2-FCV-63-72-A (13hp}) N/A S1 N/A sl 91.21 Pass Att. 5/ Acceptable Margin|
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Cale. STUDY-EEB-WBN-12-001

Appendix A
2A Boards

EVALUATION of CLASS 1E MOTOR STARTING VOLTAGES at DVR DROPOUT [Analytical Limit)
Comparison of Minimum Available Starting Voltage v/s Required Starting Voltage
Results Shown for DBE Actuation ($1-A or SI-B) and Individual Motor Starts

S| Phase A Sl Phase B Minimum Required Bases for
DBE Actuation DBE Actuation Individual Motor Start Voltage Minimum Required
Terminal Voltage (%) Termtingl Valtage {%) Terminal Voltage [%) [ Terminal Voltage V{%) Voltage
ETAP Bus ID/ 6.6kV / 460V
Compt No Load Description 6.6kV / 460V Base SI Phase A 6.6kV / 460V Base Sl Phase B 6.6kV [ 460V Base Base Reference
Cntmt Spray Hdr 2A Isln Viv Opens on Ph
239-13E 2-FCV-72-39-A (3.2hp) N/A Not Running 83.13 B (Stasts) 87.97 Pass Att. 5/ Acceptable Margin
RHR Pmp ZA-A MIn Flow Viv
235-14D0 2-FCV-74-12-A(0.13hp) 83.91 Random 84.61 Random 89.71 Pass Att. 5
LWR CNTWMT 24 CLR5 SUP ISLN VLV Closes
239-15D 2-FCV-§7-89-A (D_33hp) NfA Not Runnirg 87,91 [Starts) 93,22 Pass ALt 5
Cntmt Standpfpe Isln Viv
239-178 2-FCV-26-240-A {0.67hp) 82.10 Close {Starts) 82.78 Close (Starts) 87.74 Pass Att. 5
RCP Spray Isln Viv
239-18E 2-FCV-26-243-A{0.67hp) 81.17 Close (Starts) 81.85 Close (Starts] 86.47 Pass Att. 5
Seal Flow Ret Isin Vv Closes an Ph Clases on Ph Att. 5/ Acceptable
239-7A 2-FCV-62-63-A (1.8hp) 77.85 A [starts) 78.50 A {starts) 83.16 Pass Margin
CHRG FLOW ISLN VLV Att. 5 / Acceptable
239-7B 2-FCV-62-80-A (1.9hp) 85.16 Closes on S 85.86 Closes on sl 50.94 Pass Margin
Vol Cont Tank Qutlet (sln Vv
2319-8B 2-LCV-62-132-A (1.9hp) 80.78 Closes an I 8145 Closes on Sl B6.28 Pass Att. 5
LWR CNTMT 2C CLRS SUP ISLN VLV Closes
239-5C 2-FCV-67-57-A (0.33hp) N/A Not Running 87.71 [Starts) 93.00 Pass Att. 5
RWST TO CHARGING PMPS CONT Opens on 5l Opens on 5 Att. 5/ Acceptable
239-9A 2-LCY-62-135-A {1.5hp) 84.82 (Starts) 85.52 (Starts) 90.58 Pass Margin
Closes on
239-9D 2-FCY-70-100A [0.33hp) N/A Not Running 87.19 Phase B 9246 Pass AL 5
SIS PMPS RECIRC TC RWST Att. 5 f Acceptable
239-108 2-FCV-63-3-A (0.7HP) N/A N/A N/A N/A 89.43 Pass Margin
Eoric Acid Transter Pmp 245
239-28 2-MTR-62-230-A [15HP) N/A N/A N/A N/A 92,42 85 Att. 1
515 Pmp Injet To CVCS Chrg Pmp Att. 5/ Acceptable
23%9-11A 2-FCV-63-7-A (1.9HP) N/A N/A N/A N/A 81,98 Pass Margin
RHR Hx 2A Bypass Viv Att. 5/ Acceptable
239-14E 2-FCY-74-33-A {1.9HP) N/A N/A N/A N/A 84.67 Pass Margin
THERM BAR 5Y5 BSTR PMF ZA-A
239-2C 2-MTR-70-131-A (10HP) N/A N/A N/A N/A 86,94 35 Att. 1
RHR Hx A To CVCS Chrgr Pmp Att. 5 / Acceptable
239-11B 2-FCV-63-8-A (1,9HP) N/A N/A N/A N/A 85.05 Pass Margin
RWST To RHR Prmp Flow Cont Vv
239-2F1 2-FCV-63-1-A (5.2HP) N/A N/A N/A N/A 01.80 Pass Att. 5/ Acceptable Margin
CnUEl Chig PmMp 2A-A AGP
239-3E 2-MTR-62-A0P-A (2HP) N/A N/A N/A N/A 86.44 85 Att. 1
SIS Prap 2A-A Inlet Viv Att. 5/ Acceptable
239-12A 2-FCV-63-47-A [L.9HP) N/A N/A N/A N/A 79.72 Pass Margin
AFWPmp A-A Lube OITPmp A-A
230.4F 2-MTR-3-118D-A (0.25HF) N/A /A N/A N/A 83.24 85 At 1
SIS To RCS Loops 2&3 FCV Att. 5 / Acceptable
739-12D 2-FCV-63-93-A {1.6HP) N/A /A N/A N/A 93.00 Pass Margin
515 Pmp 2A-A Outlet FCV Att, 5/ Acceptable
239-12E 2-FCV-63-152-A (1.9HP) N/A N/A N/A N/A 85.61 Pass Margin
SIS Pmp Out RCS Lp 1&3 Hot Leg Att. 5/ Acceptable
230-13A 2-FCV-63-156-A (1.9HP) NFA N/A N/A N/A 85.58 Pass Margin
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Calc. STUDY-EEB-WBN-12-001

Appendix A
2A Boards

EVALUATION of CLASS 1E MOTOR STARTING VOLTAGES at DVR DROPOUT (Analytical Limit}

Comparison of Minimum Available Starting Voltage v/s Required Starting Voltage
Results Shown for DBE Actuation (SI-A or SI-B) and Individual Motor Starts

5iPhase A S| Phase B Minimum Required Bases for
DBE Actuation DBE Actuation Individual Motor Start Voltage Minimum Required
Terminal Voltage (%) Terminal Voltage (%) Terminal Voltage (%) | Terminal Voltage V(%) Voltage
ETAP Bus ID/ B.6KV / 460V
Compt No Load Description 6.6k / 460V Base 81 Phase A 6.6kV / 460V Base S| Phase B B.6kV / 460V Base Base Refarence
RCS Press Relief FCV Att. 5 / Acceptable
239-6D 2-FCV-68-333-A [1.9HP} N/A N/A N/A N/A 86.46 Pass Margin
Cntmt Sump To Spray Hdr 2A FCV Att. 5 / Acceptable
239-13B 2-FCV-72-44-A (3.2HP) N/A NfA N/A N/A 80.63 Pass Margin
RHR Spray Hdr 24 Isn Vv Att. 5 / Acceptabie
239-14A 2-FCV-72-40-A {1.9HP) N/A N/A N/A N/A 88.31 Pass Margin
480V RMOV Board 2A2-A
Lwr Cntm 2D Cir Dish Iso Viv Clases
240-10A 2-FCV-67-112-(0.33hp) N/A Not Running 89.57 {Starts) 92,14 Pass Att. 5
Up Cntm Vt Clr 2C Dish Iso Viv Closes
240-10D 2-FCV-67-296-A (0.13hp) N/A Not Running 88.24 {starts) 90.77 Pass Att. 5
Up Cntm vVt Clr 2D Dish Isc Vv Closes
240-10F 2-FCV-67-142-A(0.13hp) N/A Not Running £9.61 (Starts) 82,18 Pass Att. 5
RCP Thrm Barr Rtn Cntm Iso Vv Closes
240-11D E-FCVJG-SD-A {0.7hp} N/A Not Running 87.25 (Starts} 89.73 Pass Att. 5
RCP Thrm Barr Cntmt Isln Vv Closes
240-11E 2-FCY-70-133-A (0.13hp) N/A Not Running 87.62 [Starts) 90.14 Pass Att. 5
RCF Oil Cir Rtn Cntmt Isln Vv Closes
240-12D 2-FCY-70-92-A {0.13hp) N/A Not Running 88.55 {Starts) 91.77 Pass Att. 5
Excs Ltdn Hx Cont [nlt iso Vv Closes on Closes on
240-16D 2-FCV-70-143-A (0.33hp) 88.4% Phase A 88.93 Phase A 91.48 Pass Att. 5
St Gen No 1 FW Isln Viv Use 89-10 Use 89-10
240-3D 2-FCV-3-33-A (39.4hp) 85.33 start 85.75 start 86.38 Pass Att. 5
St Gen No 3 FW [sin Vv Use 89-10 Use 83-10
240-4D 2-FCV-3-87-A (39.4hp) 87.00 start 87.43 start 88.05 Pass Att. 5
Lwr Cntm 2A Clr Dish Iso Vv Closes
240-7D 2-FCV-67-87-A(0.13hp) N/A Net Running 89.73 [Starts) 92.31 Pass Att. 5
Up Cntm Vt Clr 2A Sup so Viv Cioses
240-7F 2-FCV-67-130-A {0.13hp) NfA Nat Running 89.63 [Starts) 92,20 Pass Att. 5
Lwr Cntmit 24 Clr Sply 1sln Viv Clases
240-8B 2-FCV-67-107-A{0.33hp) N/A Not Running 89.57 (Starts) 92.14 Pass Att. 5
Lwr Cntm ZC CIr Dish Iso Vv Closes
240-80 2-FCV-67-95-A (0.13hp} N/A Not Running 89.45 [Starts) 92.02 Pass Att. 5
Up Cntm Vi CIr 2C Sup Iso Viv Claoses
240-8F 2-FCV-67-133-A (0.13hp} N/A Not Running 89.59 {Starts) 92,16 Pass Att. 5
Lwr Cntmt 2€ CIr Sply IsIn Viv Closes
240-9A 2-FCV-67-99-A {€.33hp) N/A Not Running 89.40 {Starts) 91,97 Pass Att. 5
Twr Cntm 2B CIr Dish Jso Vv Closes
240-98 2-FCV-67-104-A[0.33hp) N/A Not Running 89.40 (Starts) 91.97 Pass Att. 5
Up Cntm Vit CIr 2A Bish Iso Viv Closes
240-9D 2-FCV-67-295-A (0.13hp) N/A Not Running 88.06 {Starts) 90.59 Pass Att. &
Up Cntm Vt Clr 2B Dish Iso Viv Closes
240-9F 2-FCV-67-138-A (D.13hp) N/A Not Running 89.61 {Starts) 92.18 Pass Att. 5
Cmpnit Clg Hx A Disch Cont Viv Att. 5 f Acceptable
240-11A 2-FCV-B7-146-A [0.3HP) N/A N/A N/A N/A B89.64 Pass margin
€CS HX B ERCW BYPASS FCV Att. 5 / Acceptable
240-15A 2-FCV-67-143-A (0.13HP) N/A N/A N/A N/A 092.44 Pass Margin
RHR Hx A-A Outlet Viv Att. 5 / Acceptable
240-16E 2-FCV-70-156-A (0.33HP} N/A N/A N/A NfA 89.63 Pass Margin
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Calc. STUDY-EEB-WBN-12-001

Appendix A
2A Boards

EVALUATION of CLASS 1E MOTOR STARTING VOLTAGES at DVR DROPCUT (Analytical Limit)

Comparison of Minimum Available Starting Voltage v/s Required Starting Voltage
Results Shown for DBE Actuation {SI-A or SI-B} and Individual Motor Starts

Sl Phase A Sl Phase B Minimum Required Bases for
DBE Actuation DBE Actuation Individual Motor Start Voltage Minimum Required
Terminal Voltage {%) Terminal Voltage {%) Terminal Voltage {%) | Terminal Voltage V{%) Voltage
ETAP Bus ID/ 6.6kV / 460V
Compt No Load Description 6.6kV / 460V Base Sl Phase A 6.6kV / 460V Base S| Phase B 6.6kV / 460V Base Base Referance
Sample Hx Hdr Outlet Viv Att. 5/ Acceptable
240-17A 2-FCV-70-183-A [0.13HP) N/A N/A N/A N/A 90.15 Pass Margin
480V BD RM 2A A/C CPRSR 2A-A
240-17€ 2-MTR-31-465-A [SCHP) N/A N/A N/A N/A 91.53 85 At 1
ERCW Hdr A IsIn Viv Att. 5 / Acceptable
240-2A 2-FCV-3-116A-A (D.25HP) N/A N/A N/A N/A 91.06 Pass Margin
ERCW Hdr A IsIn Vv Att. 5 f Acceptable
240-2B 2-FCV-3-116B-A (0.25HF) N/A N/A N/A N/A 90.94 Pass Margin
AFWP Turb Stm Sup Fm Stm Gen 1 Att. 5 / Acceptable
240-20 2-FCV-1-15-4 (1HP} N/& N/A N/A N/A 91.38 Pass Margin
ERCW Hdr A lsIn Viv Att. 5 / Acceptable
240-3A 2-FCV-3-136A-A (0.33HP) N/A N/A N/A N/A 90.06 Pass Margin
ERCW Hdr A Isln Viv Att. 5 [ Acceptable
240-38 2-FCV-3-1368-A {0.33HP) N/A N/A N/A N/A 20.07 Pass Margin
Sample Hx Isln Viv Att. 5 / Acceptable
240-5A 2-FCV-70-215-A [0.13HP} N/A N/A N/A N/A 80.31 Pass Margin
Cntmt Spray Hx 2A Sup Cont Viv Att. 5/ Acceptable
240-5E 2-FCV-67-125-A (C.33HP) N/A N/A N/A N/A 91.4% Pass Margin
Crtmt Spray Hx 2A Disch Vv Att. 5 / Acceptable
240-5F 2-FCV-67-126-A (0.33HP) N/A N/A N/A N/A 91.49 Pass Margin
APWP Turb Stm Sup Fm Stm Gen 4 Att. 5/ Acceptable
240-6A 2-FCV-1-16-A (1HP) N/A N/A N/A N/A 91,37 Pass Margin

* This MOV terminal voltage is calculated taking credit for the hammer blow feature.
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Calc. STUDY-EEB-WBN-12-001

Appendix A
2B Boards

EVALUATION of CLASS 1E MOTOR STARTING VOLTAGES at DVR DROPOUT {Analytical Limit}
Comparison of Minimum Available Starting Voltage v/s Required Starting Voltage
Results Shown for DBE Actuation {SI-A or 5I-B) and Individual Motor Starts

5| Phase A 51 Phase B Bases for
DBE Actuatich DBE Actuation Individual Motar Start Minimum Required Voltage Minimum Required
Terminal Voltage (%) Terminal Voltage (%) Terminal Voltage (%) Terminal Voltage V(%} Voltage
ETAP Bus ID/ 6.6kV / 460V
Compt No Load Description 6.6kV / 460V Base §1 Phase A 6.6kV / 460V Base Sl Phase B 6.6kV / 460V Base Base Reference
6.9kV Shutdown Board 2B-B
Aux Feedwater FMP 2B-B
15-10 AFW | 2-MTR-3-128-B {600 HP) 99.11 Starts 99.11 Starts 99.0% 85 Att. 3
CNTMT SPRAY PMP 2B-B Based on Unit 1 motor
15-13 CSP 2-MTR-72-10-B (7G0 HP) N/A Not Running 598.93 Starts 98,93 80 data (Att. 3)
RHR PUMP 2B-B Basad on Unit 1 motor
15-14 RHR 2-MTR-74-20-B {400 HP) 99.03 Starts 99.03 Starts 99.03 80 data [Att. 3)
SAFETY INJ PMP 2B-B Based on Unit 1 motor
15-15 5l 2-MTR-63-15-8 {400 HP} 99.0% Starts 99.05 Starts 99.05 80 data {Att. 3)
CNTFGL CHREG PMP 2B-B Based on Unit 1 motor
15-18 CCP 2-MTR-62-104-B (600 HP) §9.00 Starts 95.00 Starts 98.39 80 data {Att. 3}
Starts | H-B
Starts {H-B or G or G-B start,
B start, but not but net both,
ERCW PMP H-B both, other is other is not
15-8 ERCW  J0-MTR-67-53-B {800 HP} N/A not running) N/A running) 96.05 ap Att. 3
Starts ( H-B
Starts [ H-B or G or G-B start,
B start, but not but not both,
ERCW PMP G-B both, other is other is not Same as ERCW Pmyp H-B
15-9 ERCW  |0-MTR-67-55-B (800 HP) 96.72 not running}) 86.72 running} 6.65 20 {Att. 3)
A80V Shutdown Board 281-B
Cmpnt Clg Sys Pmp 28-B
137-3C 2-MTR-70-33-B (350 hp) 81.40 (83} Starts 81.79 (8s) Starts 81.18 70 Att. 3
Elec Bd Rm AHU D-8
138-7A 0-MTR-31-310-B (50 hp) N/A Running N/A Running 85.53 80 Att. &
Spent Fuel Pit Pmp C-5 ALT FDR
138-7B 0-MTR-78-35-5 {100 hp} N/A Running N/A Running 85.82 80 Att. 6
Reac Lwr Compt Clr Fan 28-8 Based on Unit 1 motor
138-7D 2-MTR-30-75-8 (60 hp) N/A Running N/A Trips 83.63 80 data {Att. 3)
480V Shutdown Board 2B2-A
[Elect Bd rm AJCB-B Cprsr
139-2B 0-MTR-31-129/2-B {250 hp) N/A Running N/A Running 86.53 85 Att. 1
Cmpnt Clg 5ys Pmp C-5
139-2D 0-MTR-7C-51-5 {350 hp) N/A Running N/A Running 69,92 (SIB) 70 Att. 3
Reac Lwr Compt Clr Fan 2D-B Based on Unit 1 moter
140-7D 2-MTR-30-78-8 (60 hp} N/A Running N/A Trips 86.42 20 data (Att. 3)
Nect Running
Cntmt Air Rtn Fan 2B-B Not Running Starts @9
140-5C 2-MTR-30-38-8 {100 hp) N/A Starts @ 9 Min N/A Min 84.87 80 Att. 6
480V Shutdown Bd Bm AHU D-B
140-8D 0-MTR-31-61-B {75 hp} N/A Running N/A Running B88.06 85 Att. 1
480V CA Vent Board 2B1-B
Aux Cont Air Cprsr B-B
209-2A 0-MTR-32-86-B {20 hp) N/A Not Running N/A Not Running 84.56 80 Att. 1
Pen Rm EI713 CIr fan 285 Based an Unit 1 motar
209-2C 2-MTR-30-197-B {3 hp) 87.20 Starts on ABI 88.00 Staris on ABI 91.06 80 data (Att. 3)
Pipe Chase Clr Fan 2B-B Based on Unit 1 motor
209-3B 2-MTR-30-202-B (3 hp) 87.25 Starts on ABI 83.06 Starts on ABI 91.11 80 data (Att, 3}
Cntm Spray Pmp 2B-B Rm Clr Fan Starts on Based on Unit 1 motor
209-3C 2-MTR-30-178-B (7.5 hp} 83.48 Random 8425 Pump Start 86.17 80 data (Att. 3)

R2
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Calc. STUDY-EEB-WBN-12-001

Appendix A

2B Boards

EVALUATION of CLASS 1E MOTOR STARTING VOLTAGES at DVR DROPOUT {Analytical Litit)

Comparison of Minimum Available Starting Voltage v/s Required Starting Voltage
Results Shown for DBE Actuation (S1-A or §1-B) and Individual Motor Starts

S| Phase A Sl Phase B Bases for
DBE Actuation DBE Actuation Individual Mator Start Minimum Required Voltage Minimum Required
Terminzl Voltage (%) Terminal Voltage (%) Terminal Voltage %) Terminal Voltage V(%) Voltage
ETAP Bus iD/ 6.6kv / 460V
Compt No Load Description 6.6kV / 460V Base 5l Phase A 6.6kV / 460V Base Sl Phase B 6.6kV / 460V Base Base Reference
Aux Bldg Gas Trtmt Sys Fan B-B Same as Fan A-A (207-
209-3D 2-MTR-30-157-B (S hp) 82,90 Starts on ABI 83.66 Starts on ABI 38.63 80 3D), Att 3
BATTERY RM EL 592 EXH FAN C-B
209-4A 0-MTR-31-27-8 {2 hp} N/A Running N/A Running 88.85 85 Att. 1
AFWPEBA XFR PMP SP CLR FAN B-B Based on Unit 1 motor
209-5E 2-MTR-30-185-B (15 hp) 87.24 Starts an ABI 88.05 Starts on ABI 88.81 30 data {Att. 3)
ERCW Str 2B-B
209-68 2-MTR-67-10-B {3 hp) N/A Running N/A Running 77.30 75 Att. 3
Traveling Scrn 2B-B
205-6C 2-MTR-67-10-8 {5 hp) NfA Running NfA Running B1.68 20 Att. 3
125V Vit Bat Rm IV ExFan 2A2-B
209-78 2-MTR-31-288-B {0.33 hp) NSA Running N/A Running 92.11 B85 Att, 1
RHR Pmp 2B-B Inlet FCV
208-7D 2-FCV-74-21-B (5.2 hp) N/A Not Running N/A Not Running 93.70 Pass Att. 5
Safety Inj Pmp ZB-B Rm Clr Fan Starts on Pump Starts on Based on Unit 1 motor
209-8A 2-MTR-30-179-B {5 hp) 84.79 Start 85,58 Pump Start 87.41 80 data [Att. 3)
Pen Rm El 692 Clr Fan 2B-B Based on Unit 1 motor
209-8B 2-MTR-30-187-B (3 hp} 86.61 Starts on ABI 87.41 Starts on ABI 89.49 80 data {Att. 3)
Shtdn Xfmr Rm 2B Exh Fan 2B2-B
208-8C 2-MTR-30-246G-B (3 hp) NfA Running N/A Running 91.83 80 Att. 3
Shtdn Xfmr Rm 28 Exh Fan 283-B
209-8D 2-MTR-30-246H-B (3 hp) N/A Running N/A Running 92.14 80 Att. 3
C.Bldg Ele BdRm AC Cir Pmp B-B
209-8E 0-MTR-31-129/1-B {20 hp} N/A Running NfA Running 538.44 85 Att. 1
[EL BD RM A/C B-B CONTROL/O.PMP
209-8F1 0-MTR-31-129/3-B {3 hp) N/A Running N/A Running 92,33 85 Att 1
RHR Pmp 28-8 Rm Clr Fan Starts on Pump Starts on Based on Unit 1 motor
209-8A 2-MTR-30-176-B (5 hp) 81.18 Start 81.54 Pump Start 82.53 80 data {Att. 3)
480V Bd Rrn 2A Pr Sup Fan 2A2-B
208-9C 2-MTR-31-463-B (3 hp) NfA Running N/A Running 92.84 85 Att, 1
Shtdn Xfrm Rm 2B Exh Fan ZB1-B
208-9D 2-MTR-30-246F-B (3 hp) N/A Running N/A Running 92.45 80 Att. 3
Pen Rm EI 737 Clr Fan 2B-B
209-9E 2-MTR-30-195-B {3 hp) 87.63 Starts an ABI 88.43 Starts on ABI 81.70 80 Att. 3
Cnifg Chrg Pmp 2B-B Rm Clr Fan Starts on Pump Starts on Based on Unit 1 motor
209-10A  [2-MTR-30-182-B {5 hp) 86.12 Start 86.91 Pump Start 89.04 80 data [Att. 3)
480V Bd Rm 2B Pr Sup Fan 2BZ-B
208-108 2-MTR-21-477-B {3 hp) N/A Running N/A Running 93,15 85 Att. 1
125V Vit BatRm (il ExFan 282-B
208-10C 2-MTR-31-286-B {.33 hp) N/A Running NfA Running 5190 85 Att. 1
Cont Rm Intake Mon
209-10F1 0-RE-90-126-B {0.75 hp) N/A Running NfA Running 83.11 85 Att. 1
480V Bb Rm 28 A/C Ahu 2B-B
209-11B 2-MTR-31-475-B (20 hp) N/A Running N/A Running 80,81 85 Att. 1
480V BA Rm 28 AJ/C cond 26-B
209-11C 2-MTR-31-289-B {20 hp) N/A Running N/A Running 890.23 85 Att. 1
EG Trtmt Sys B-B Rm Clr Fan
209-128 2-MTR-30-207-B (3 hp) 87.39 Starts on ABI 88.20 Starts on ABI 21.70 80 Att. 3
ERCW Scrn Wash Pmp 2B-B AtL. 3
209-13D 2-MTR-67-447-B (40 hp) N/A NfA N/A N/A 74.65 75 Alsc See Sec. 7.1
RWST To Spray Hdr 2B FCV Att. 5 / Acceptable
209-7E 2-FCV-72-21-B (3.3 hp) N/A Aot Running NfA Not Running B7.70 Pass Margin
ERCW Sir 2B-B Flush Viv
209-5E 2-FCV-57-10B-B {0.33HP) N/A N/A N/A N/A 83.26 80 Att. 1
ERCW Str 2B-B Backwash Viv
209-4E 2-FCY-67-10A-8 (0.33HP) N/A N/A N/A N/A 83.62 80 Att. 1
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Calc. STUDY-EEB-WBN-12-001

Appendix A
2B Boards

EVALUATION of CLASS 1E MOTOR STARTING VOLTAGES at DVR DROPOUT (Analytical Limit)

Comparison of Minimum Available Starting Voltage v/s Required Starting Voltage
Results Shown for DBE Actuation {SI-A or 5I-B) and Individual Motor Starts

Sl Phase A Si Phase B Bases for
DBE Actuation DBE Actuation Individual Motor Start Minimum Required Voltage Minimum Required
Terminal Voltage (%) Terminal Voltage (%) Terminal Voltage (%) Terminal Voltage V(%} Voltage
ETAP Bus 1D/ B.6kV / 460V
Compt Na Load Description 6.6kV / 460V Base Sl Phase A 6.6%V / 460V Base $| Phase B 6.6kV / 460V Base Base Reference
480V CA Vent Board 2B2-B
None
A80V Diesel Aux Board 2B1-B
DG 2B-B Rl EXH FAN 1B
223-28 2-MTR-30-450-5 (15 hp} 92.48 Starts G2.88 Start 84,64 a5 Att. 3
D& 2B-B Lube Qil Circ Pmp 1
223-2D 2-MTR-82-B1-B (1 hp) N/A Running NfA Running 95.14 85 Att. 1
EM DG ENG SUP VLV FRGM HDR 18 Open on Diesel Openon
223-3A 2-FCV-67-67-B {D.13hp) 87.55 Start 82.90 Diesal Start 86.33 Pass Att. S
DG 2B-B DAY TNK FO XFR PMP 1
22330 |2-MTR-18-55/4-B {1 hp) 92.31 Random 92.71 Random 95.03 85 Att. 1
DG Rm ZB-8 Pnl Vent Fan
223-4D 2-MTR-30-494-B {15 hp) N/A Running N/A Running 92.52 85 Att. 3
DG 2B-B 420V Elec Bd Rm Ex Fan
223-4E 2-MTR-30-462-B {2 hp) N/A Runring N/A Running 94.63 85 Att, 1
Dg 2B-B Wuffler Rm Exh Fan
223-6A 2-MTR-30-466 {0.5HF) 91.72 Starts 93.11 Starts 95.56 85 Att. 3
480V Diesel Aux Board 2B2-B
DG 26-8 Aux LubeQil Circ Pmp B
224-2A 2-MTR-82-A0PB2B (0,75 hp) N/A Runhing N/A Running 94,71 85 Att. 1
DG 2B-B RM EXH FAN 2-B
224-28B 2-MTR-30-454-8 (15 hp) 92.76 Starts 92.99 Starts 93.13 85 Att. 3
DG 2B-B Lube Qil circ Pmp 2
224-2D 2-MTR-82-82-B (1 hp} N/A Running N/A Running 94.83 85 Att. 1
DG 2B-B DAY TNK FO XFR PMP 2
224-3D 2-MTR-18-54/4-8 (1 hp} 9253 Random 92.76 Random 94,80 85 Att. 1
480V RMOV Board 2B1-B
AFW Pmp 8-B Lube Qil Pmp B-B
241-17D 2-MTR-3-1280-B (0.25 hp) N/A Running NFA Running 88.48 85 Att. 1
SIS Accur Tank Flow Isol Viv Att. 5 / Acceptable
241-3F2 2-FCV-53-98-B {19.5 hp) N/A Not Running NfA Nt Running 86.656 Pass Margin
HPFP Sys Low Leval Intake Viv
241-54 0-FCV-26-8-B {0.13 hp) N/A Mot Running N/A Not Running 20.91 80 Att. 1
RCS Press Relief FCV ALL. 5 / Acceptable
241-5E 2-FCY-68-332-8 {2 hp) N/A Not Running N/A Not Running 8425 Fass Margin
Seal Flow Ret Isln Viv Closes on Ph A Att. 5 / Acceptable
241-6D 2-FCV-62-61-B (1.9 hp} 82.53 (Starts) 83.24 Not Runping B87.63 Pass Margin
CHRG FLOW ISLN V1LV Att. 5 / Acceptable
241-74 2-FCV-62-21-B (1.9 hp} 86.71 Closes on 3l 87.45 Closes on Sl 92.06 Pass Margin
Vol Cont Tank Outlet Isin Viv Att. 5 / Acceptable
241-8A 2-LCV-62-133-8 {1.9 hp) 81.30 Closes on S| 82.00 Closes on Sl 86.25 Pass Margin
RWST TO CHRG PMP VALVE CONT Att. 5 f Acceptable
241-88B 2-L.CV-62-136-B (1.9 hp) 80.20 Opens on S 80.89 Qpens cn Si 835.08 Pass Margin
RHR To RCS H.L. 183 Flaw Iso Att. 5/ Accoptable
241-9B 2-FCV-63-172-8 (2.6 hp) NfA Not Running N/A Not Running 80.97 Pass Margin
Cntm spray Pmp 2B-B Recirc FCV Starts 10s
241-9F 2-FCV-72-13-B {0.1 hp) N/A Not Ruhring N/A after Phase B 89.77 Pass Att. 5
SIS 2B-B Dsh To RWST Shtff Viv Att. 5 f Acceptable
241-10A 2-FCv-63-4-B (0.56 hp) N/A Not Running N/A Not Running 89,02 Pass Margin
RWST To SIS Pump FCV Att. 5/ Acceptable
241-10B 2-FCV-63-5-8 {2 hp) N/A Not Running N/A Not Running 83.31 Pass Margin
515 Pmp Inlet To CVCS Chrg Pmp Att. 5 / Acceptable
241-11A 2-FCV-63-6-B (2 hp} N/A Not Running N/A Nat Running 81,72 Pass Margin
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Appendix A
2B Boards

EVALUATION of CLASS 1E MOTOR STARTING VOLTAGES at DVR DROPOUT [Analytical Limit)

Comparison of Minimum Available Starting Voltage v/s Required Starting Voltage

Results Shown for DBE Actuation {$1-A or 5I-B) and Individual Motaor Starts

S| Phase A Sl Phase B Bases for
DBE Actuation DBE Actuation Individual Motor Start Minimum Required Voltage|l  Minimum Required
Terminal Voltage (%) Terminal Voltage (%) Terminal Voltage (%} Terminal Voltage V(%] Voltage
ETAP Bus IDf 6.6kV / 460V
Compt No Load Description B.6kV / 460V Base Sl Phase A 6.6kV / 460V Base Sl Phase B 6.6kV / 460V Base Base Reference
RHR Hx B to 515 Pmp Att. 5 f Acceptable
241-118 2-FCV-63-11-B (2 hp) NfA Not Running N/A Not Running 87.60 Pass Margin
15 Boron Inj Tank Shutoff viy Att. 5/ Acceptable
241-11E 2-FCV-63-25-B (1.9 hp) 86.65 Closes on Sl 87.40 Clases on Sl 91.98 Pass Margin
SIS Pmp 2B-B Injet Viv Att. 5 / Acceptable
241-12B 2-FCV-63-45-B {2 hp} N/A Not Runping N/A Net Running 84.14 Pass Margin
Cntmt Sump To RHR Pmp 53-8 Cpen at 20 Min Open at 20 Att. 5 / Acceptable
241-12D 2-FCV-63-73-8 (13.2 hp) NfA after 1 N/A Min after 5| 91.40 Pass Margin
SIS To RCS Loops 1 &4 FCV Att. 5 / Acceptable
241-12E 2-FCV-63-94-B (1.6 hp) N/A Not Running N/A Not Running 52.80 Pass Margin
515 Pmp 28-B Outlet FCY Att. 5 / Acceptable
241-13A 2-FCY-63-153-B (2 hp} N/A Mot Running N/A Not Running 85.71 Pass Margin
SIS pmp Qut RCS Lp 284 Hot Leg Att. S / Acceptable
241-13B 2-FCV-63-157-B |2 hp) N/A Not Running N/A Not Running 88.35 Pass Margin
SIS 2B-B Dsh to RWST Shtff Viv AtL. 5 / Acceptable
241-130 2-FCY-63-175-B {0.66 hp) N/A Nat Running N/A Not Running 89.50 Pass Margin
Cntmt Spray Hdr 2B Isln Viv Open on Att. 5/ Acceptable
241-14A 3-FCV-72-2-B (3.2 hp) N/A Nat Running 85.96 Phase B 90.37 Pass Margin
RHR SPRAY HDR 2B ISOL VLY Att. 5/ Acceptable
2431-14D 2-FCV-72-41-B (2 hp) NfA Not Running N/A Not Running 88.15 Pass Margin
Cntm Sump Te Spray Hdr 2B FCV Att. 5/ Acceptable
241-14E 2-FCV-72-45-B (3.2 hp) N/A Not Running N/A Not Running 82.22 Pass Margin
Start on RHR
RHR Pmip 2B-B Min Flow Viv Start an RHR pump start Att. 5 / Acceptable
241-15B 2-FCV-74-24-B (0.1 hp) 85.18 pump start on S| 8591 on Sl 90,53 Pass Margin
RHR Hx 2B Bypass Viv Att. 5 / Acceptable
241-15D  |2-Fov-74-35-B (2 hp) N/A Not Running N/A Nat Running 79.68 Pass Margin
480V RMOV Board 2B2-B .
420V Bd Rm 2B A/C Cprsr 2B-8
242-18D 2-MTR-31-447-B (75 hp} N/A Running N/A Running £0.83 85 Att. 1
ERCW Hdr B Isin Vv Att. 5 / Acceptable
242-2A 2-FCV-3-126A-B {0.67 hp) N/A Not Running N/A Not Running 89,82 Pass Margin
ERCW Hdr B Isn Vv Att 5 / Acceptable
243-7B 2-FCV-3-1268-B [0.67 hp) N/A Not Running NfA Not Running 89.81 Pass Margin
St Flaw To AFWP Turb Istn Viv Att. 5 / Acceptable
242-2E 2-FCV-1-18-B {1 hp) N/A Rurning N/A Running 91.06 Pass Margin
ERCW Hdr B Isln Vv Att. 5 / Accaptable
242-3A 2-FCV-3-379A-B (0.33 hp) N/A Random N/& Random 90.39 Pass Margin
ERCW Hdr B Isln VIv Att, 5 / Acceptable
242-38 2-FCV-3-1798-B {0.33 hp} N/A Random M/A Random 90.20 Pass Margin
St Gen No 2 FW Isln Viv Use 89-10
242-3D 2-FCV-3-47-8 {39.4 hp) 85.16 Use $3-10 start 85.41 start 87.81 Pass Att. 5
St Gen No 4 FW Isin Viv Use 83-1C
242-4D 2-FCV-3-100-B (39.4 hp} 86.16 Usa 89-10 start 86.41 start $8.83 Pass Att. 5
LWR CNTMT 2A CLRS SUP ISLN VLY Closes
242-5C 2-FCV-67-1138 {0.3 hp) NfA Not Running 8843 {Starts) 91.99 Pass Att. 5
Cntint Spray Hx 28 Sup Cont Viv Att. 5/ Acceptable
242-5E 2-FCV-57-123-B (0.33 hp) N/A Not Running N/A Net Running 91.41 Pass Margin
Cntmt Spray Hx 2B Sup Disch Vv Att. 5/ Acceptable
242-5F 2-FCV-E7-124-B [0.33 hp) N/A Not Running N/A Neot Running 91.00 Pass Margin
RCP Thrm Barr Rtn Cntm Iso Viv Clases
242-6D 2-FCV-70-87-B (0.7 hp) N/A Not Running 87.62 (Starts) 91.14 Pass Att. 5
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Appendix A
2B Boards

EVALUATION of CLASS 1E MOTOR STARTING VOLTAGES at DVR DROPOUT {Analytical Limit}

Comparison of Minimum Available Starting Voltage v/s Required Starting Voltage

Results Shown for DBE Actuation {51-A or 5I-B) and Individual Mator Starts

5| Phase A Sl Phase B Bases far
DBE Actuation DBE Actuation Individuzl Motor Start Minimum Required Voltage]  Minimum Required
Terminal Voltage [%) Terminal Voltage (%) Terminal Voltage (%) Terminal Voltage V(%) Voltage
ETAP Bus ID/ . 6.6%V / 460V
Compt Na Load Description 6.6kV / 460V Base Sl Phase A 6.6kV / 460V Base Sl Phase B 6.6KV / 460V Base Base Reference
RCP Thrm Barr Catmt Isin Viv Clases
242-6E 2-FCV-70-134-B {0.1 hp) N/A Not Running 87.60 (Starts) ©1.14 Pass Att. 5
Lwr Cntmt 2B Clr Disk: IsIn Viv Closes
242-70 2-FCV-67-103-B (0.1 hp) N/A Not Running 87.51 [Starts) 91.04 Pass Att. 5
Up Cntm Vt Clr 2A Dish Iso Viv Closes
242-7F 2-FCV-67-131-8 (0.1 hp) N/A Net Running 87.18 {Starts) 50.65 Pass Att. 5
Lwr Crtm 2D Clr Dish 1so v Closes
242-8D 2-FCV-67-111-B (0.1 hp) N/A Nat Running 87.93 {Starts) 91.48 Pass Att. 5
Up Cntm Vit Cir 2C dish Iso Vv Closes
242-8F 2-FCV-67-134-B (0.1 hp) N/A Not Rurning 87.18 (Starts) 85.63 Pass At 5
Lwr Cntm 2A Clr Dish Iso Viv Closes
242-9A 2-FCV-67-88-B (0.3 hp) NfA Not Running 86.92 {Starts} 90.43 Pass Att. 5
Lwr Cntm 2C Cir Dish Iso Viv Closes
242-98 2-FCV-67-86-B (0.3 hp) N/A Not Running 87.02 {Starts) 90.53 Pass Att, 5
Up Cntm Vt ClIr 2B Dish Iso Viv Closes
242-9D 2-FCV-57-297-B (0.1 hp) N/A Not Running 86.19 {Starts) 89.66 Pass Att. 5
Up Cnim Vt Clr 2B Sup [sln Vv Closes
242-9F 2-FCV-67-138-B (0.1 hp) N/A Not Running 87.18 {Starts) 90.69 Pass Att. 5
Lwr Cntmt 2B Cir Sply Isin Viv Closes
242-10A 2-FCV-67-91-B (0.3 hp) N/A Naot Running 86.93 {Starts) 90.43 Pass Att. 5
Lwr Cntmt 2D Clr Sply Isin Vv Closes
242-10B 2-FCY-67-83-B (0.3 hp) N/A Not Running 87.23 (Starts) 90.75 Pass Att. 5
Up Cntm Vi Clr 2D Dish lsa Viv Closes
242-10D 2-FCV-67-298-B {0.1 hp) N/A Not Running 86.87 [Starts} 90.37 Pass Att. 5
Up Cntm Vi Clr 2D Sup Isin Viv Closes
242-10F 2-FCV-67-141-B {0.1 hp} N/A Not Running 87.18 [Starts) 50.68 Pass Att. 5
LWR CNTMT 2B CLRS SUP ISLN VLV Closes
242-118 2-FCV-67-105-B (0.3 hp) N/A Not Running 88.09 {Starts) §1.65 Pass Att. 5
CCS Hx C Disch Viv To Hdr B
242-12B 0-FCV-67-152-B (0.7 hp) N/A Running N/A Running 89.74 Fass Att. 4
RCP OIL CLR RTN CNTMT ISLN VLV Closes
242-13D 2-FCV-70-89-B {0.3 hp} N/A Nat Running 88.11 {Starts) 91.67 Pass ALt S
RCP Ol CIr Hdr Cnimt Isin Viv Closes
242-13F 2-FCVY-70-140-B (0.2 hp) N/A Not Bunning 86.94 {Starts) 90.45 Pass Att, 5
Att. 4 f Acceptable
Margin with voltage
SFPCS Hx Sply Hdr 1sin Viv basad on Hammaer Blow
242-17A 0-FCV-70-194-B {0.33 hp) N/A Nat Running N/A Not Running 92.18* Pass feature *
RHR Hx B-B Qutlet Viv
242-15E 2-FCV-70-153-B (6,32 hp} N/A Not Running N/A Not Running 91.47 Pass ALt 5

480V Reactor Vent Board 2B-B

None

* This MOV terminal valtage is calculated taking credit for the hammer blow feature.
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Voltage Recovery Analysis for DBE

Purpose
The purposa of the attachment is to demonstrate that any possible voltage transient caused by

motor starting during a DBE (S! with Phase A or Phase B isolation), including drop to the LOV
setpoint, will also result in successful recovery ahove DVR reset within 5 seconds.

Approach
This fransient voltage dip and recovery analysis is similar to that analyzed by the offsite power

analysis (reference 2.2) which shows that the voltage recovers above the DVR reset within 5
seconds. However, the offsite power analysis credits the use of automatic load tap changers (LTC)
for voltage recovery and also assumes minimum operable grid capacity. The offsite power
analysis accounts for minimum operable grid capacity by using an extremely conservative
technique of forcing the switchyard voltage to the minimum aliowable post-event voltage. This
technique ignores the voltage recovery that would occur once the larger motors accelerate.

in this analysis, the offsite power source has been modeled using a classical Thevenin equivalent
impedance technigue (fixed voltage source behind impedance). The impedance chosen is
equivalent to that grid capacity that would result in the voltage at the 6.9kV Shutdown Boards
dropping all the way to the loss of voltage (LOV) relay setpoint duting initial DBE motor starting
(block-start of ECCS loads).

Bases/Assumptions

s The offsite power LTCs (CSST C & D) are not allowed to correct the voltage during the motor
starting event. However, they are allowed to adjust the voltage prior to the event. This is
conservative because it will result in the worst-case voltage transient with no voltage recovery
from the LTCs.

» The auxiliary power system is assumed to be in normal alignment prior to the event (Unit
Boards and RCP Boards on USSTs, Common Boards on CSSTs A/B, Shutdown Boards on
CSSTs C/D). This is conservative, because it puts the least amount of load on the offsite
power source prior io the event and thereby results in a “stiffer” offsite power source impedance
(i.e. less recovery). In addition, aligning the Shutdown Boards to CSSTs A/B would result in
even greater recovery due to the Unit Board load shed feature.

s The 161kV Switchyard voltage is assumed to be at the minimum operable voltage prior to the
event. This is conservative, because it will also result in a "stiffer” offsite power source
impedance (i.e. less recovery}.

Computations :
Using the existing ETAP model used to perform offsite power analysis for two unit operation {Ref.

2.2), a dynamic motor starting analysis was performed for both Sl-Phase A and S[-Phase B events
on each unit. Using a trial and error technique, the switchyard source capacity (MVA,:) was
adjusted until the applicable 6.9kV Shutdown Board voltages just equaled the LOV setpoint (80%
nominal) at t=0+ in the event being studied.

Each dynamic motor starting study case (SIA and SIB) was run for at least 5 seconds. The
associated ETAP reports provide the voltage during the event in 0.1 second intervals for each
6.9kV Shutdown Board.

Results

A plot of the worst-case voltage recovery is shown for both U1 SIB and U2 SIB. The resulis show
that in all cases the 6.9kV Shutdown Board voltage recovers above the DVR reset value
(operational limit of 668 1V) within 4 seconds.

Conclusions

This bounding analysis demonstrates that any possible voltage transient caused by DBE motor
starting, including drop to the LOV setpoint, will also result in successful recovery above DVR reset
within 5 seconds.
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ETAP
Project: Watts Bar Kuclear Plant 7.0.0K Date: 03-21-2012
Location: /fchachaapp5/etaps/whnp/ SN SOTVA12DC2
Contract: Revision: Unit 1&2
Engineer: Study Case: Ul SIB-U2 Config.: N 4 C385T-02

WEBN~EEB-MS-TI06-0023
Unit 1 5I Phase B, Plant in normal alignment {4CSSTs} at lowest operable grid (161kV). No LTC during thes event.

Project File: J:\whnp\RC EDQO0099920120004 (DVR Apnalysis)\DVR Analysis WBN\DVR LOV Recovery Analysis\WBKDATA
Qutput Report: UlSIB-152MVA

MOTOR STARTING ANALYSIS

Bus Yoltage

2 MSE - DA

L10m

DVR Reset 6681V (96.8%)
Reset Time < 4s

Vi (9% of fius Nowsinal &)

ro—g—
]
. .

Time {See.)

e
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ETAP
Project: Watts Bar Kuclear Plant 7.0.0K Date: 03-21-2012
Location: //chachaapp5/etaps/whnp/ SKN: 90TVALZ2DC2
Contract: Revision: Unit 1&2
Engineer: Study Case: Ul/2 SIA Config.: W 4 C38T-U2

WEN-EEB-MS-TIDG-00283
Unit 1/2 SI Phase A, Plant in normal aligmnment (4CSSTsy at lowest operable grid (161kV). Ko LTC during the event.

Project File: J:\wbnp\R0 EDQO0QD99920120004 ({(DVR Analysis)\DVR fAnalysis WBH\DVR LOV Recovery Analysis\WBNDATA
Output Report: ULZ-SIA

MOTOR STARTING ANALYSIS

Bus Yoltage

—12 30 I HEITL RN Jud BISEY 24 ik

1057

DVR Reset 6681V (96.8%)
Reset Time < 4s

¥t (% of Bus Naminal kI')

s . L I . ] . . . .

e .
n——

Time (Sec.)




Project: fatts Bar Nuclear Plant
Location: //chachaapp5/etaps/wbnp/
Contract:

Engineer:
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ETAP
7.0.08 Date:
SK:
Revision:
Study Case: U2 S5IB-U2 Config.:

03-21-2012
90TVALZDCZ
Orit 1&2

N 4 C58T-u2

WBN-EEB-MS-TI06-0029%

Urit 2 SI Phase B. Plant in normal aligrment (4CSSTs)

Project File: J:\wknp\RO EDQO00%9920120004

output Report: U2S5IB-152MVA

at lowest operable grid (161kV). Ko LIC doring the evert.

{DVR Analysis)\DVR Analysis WBN\DVR LOV Recovery Analysis\WBNDATA

MOTOR STARTING ANALYSIS

110+

— e MSD 24

Bus Voltage

el

DVR Reset 6681V (96.8%)
Reset Time < 4s

Vi (%6 af Bus Nanmvinal k1)

L—g—
P

Time (See.}

P
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Degraded Voltage Recovery Analysis for DBE

Purpose

The purpose of this appendix is to address NRC comments concerning the adequacy of the analytical
methodology for the motor starting cases previously analyzed in this study to support DBE. The nature of
the comments concerned the initial voltage used in the analysis at the DVR monitored bus and fell into
two general areas:

1, Demonstrate the adequacy of the DVR protection scheme if the voltage source is placed at the
switchyard bus and the grid voltage is set such that the DVR monitored bus voltage is at the DVR
dropout analytical limit prior to the DBE initiation.

2, Demonsirate the adequacy of the DVR protection scheme if the valtage source is placed at the
switchyard bus and both grid voltage and capacity are adjusted to any value that will support
successful voltage recovery following DBE motor starting (i.e. Class 1E loads remain on offsite
power). :

Approach

This appendix follows a similar analytical technique as described in Appendix B. Additionai study cases
were set up to address the NRC comments as follows:

Study Case 1. The grid is set to strongest capacity (maximum short-circuit strength) and grid voltage is
lowered until the DVR monitored bus voltage reaches the DVR analytical limit prior to DBE initiation. The
outcome of this evaluation should demonstrate that the Class 1E bus voltage will not be able to
successfully recover (i.e. reset the DVR) following the DBE initiation.

Study Case 2: Grid voltage and capacity are adjusted until the lowest possible initial voltage is found (at
the DVR monitored bus) that allows successful recovery foliowing DBE motor starting (i.e. the resulting
voltage dip recovers from the Loss of Voltage relay (LOV) and also resets the DVR in a bounding
fashion}. The outcome of this evaluation should demonstrate that any combination of initial grid voltage
and capagcity that results in successful recovery of the Class 1E bus voltage does so because of the
proper acceleration of the accident initiated motors on the 6.9kV 1E buses.

Analysis is performed for each study case using normal offsite power alignment via CSSTs C & D as well
as alignment via CSSTs A & B (Shutdown Boards aligned to Start Buses via Unit Boards).

Bases/Assumptions

All the bases and assumptions listed in Appendix B of this study are applicable to this appendix. (Ref.
Aftachment 2 for relay setpoints)

Computations

The existing ETAP model from offsite power analysis for two unit operation (Ref. 2.2) was used to perform
dynamic motor starting analyses similar to Appendix B. The analysis was performed considering a DBE
for Unit 1 (Sl with Phase B isolation). Detailed evaluation was performed for §.9kV Shutdown Board 1A-A
only (aligned to CSSTs A, B, C, or D) as the results are considered to be representative of the other
Shutdown Boards for the purposes of these analyses.

Study Case 1:

1) The utility source model was placed on the 161kV switchyard bus.
2} The applicable CSST automatic load tap changers (LTC) were placed in manual (i.e. not warking).

This page added by R2
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3) Using normal plant operation loading, the source voltage was lowered until the voltage at the DVR
monitored bus (6.9kV Shutdown Board) was exactly at 6555V (DVR dropout analytical limit).

4) The source capacity was set to the maximum short-circuit strength (Ref PSO Study), which allows the
greatest ability of the grid {o recover the Class 1E bus voltage above the DVR reset value following
DBE motor starting.

Study Case 2;

1) The utility source model was placed on the 161kV switchyard bus.

2) The applicable CSST automatic load tap changers (LTC) were placed in manual {i.e. not working).
3} Normal plant operation loading was used prior to the DBE initiation.

4) The source voltage and capacity were adjusted as required to achieve all of the following criteria:

a) voltage at the 6.9kV Shuidown Board is not lower than 8555V (DVR dropout analytical limit) prior
to DBE initiation.

b) if the voltage dip produced by DBE initiation {at the 6.9kV Shutdown Board) drops below the LOV
relay setpoint, it also recovers above the satpoint within the relay timeout (nominal settings used
for convenience)

¢) the voltage at the 6.9kV Shutdown Board recovers to {exactly) the DVR reset point following the
initial "block start” transient (nominal setting used for convenience).

Each dynamic motor starting study case was run for 5 seconds. The associated ETAP results provide the
voltage profile in percent in 0.01 second intervals at the 6.9kV Shutdown Board. These values were
plotted to evaluate the results. The existing offsite power analysis voltage profile for the same DBE
{minimum grid capability} were also added on the same plots for general comparison (see Figures 1 and
2 of this appendix).

The following study cases have been run:

Study Case ETAP Configuration ETAP MS Case ETAP Repori Name

1 NCSSTABD-U2 U1SIB-U2 DVR DO AB

1 N4 C8ST-U2 U1SIB-U2 DVR DO CD

2 NCSSTABD-U2 U1SIB-U2 WC Grid AB

2 N4 CE8ST-U2 U18IB-U2 WC Grid CD
Results

Based on the study cases the results are summarized below:

Study Case 1 -
Voltage at the DVR monitored bus is at DVR dropout with a strong grid capacity. The evaluation shows

(Ref. Figure 1) without the load tap changer, the DVR will not reset and Class 1E buses will disconnect
from offsite power and transfer to the DGs as designed. Transfer to DG is acceptable because previous
protective device analysis shows the successful transfer to the onsite power supply with all required Class
1E loads achieving adequate voltage for starting and running within required time limits.

Study Case 2 -
Voltage at the DVR monitored bus is at the lowest possible initial voltage that allows successful recovery.

This case, while not representative of any actual postulated grid, results in the worst conceivable grid
that allows Class 1E buses to remain on offsite power. The evaluation shows (Ref Figure 2) the DVR
recovery time is not significantly different than that shown for offsite power analysis (minimum qualified
grid). This case demonstrates that any conceivable voliage transient caused by motor starting, even at
the threshold of LOV timeout and DVR timeout, will result in recovery of voltage (DVR reset or above)
within 4 seconds.

This page added by R2
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Conclusions

The outcomes of these additional requested analysis demonstrate the adeguacy of the DVR protection
scheme based on:

1) Ifthe LOV relay times out
a. Class 1E buses disconnect from cffsite power and transfer to the DGs

b. Based on previous analysis, Class 1E components have adequate voltage for starting and
running within analyzed time limits

2} If the LOV relay does not time out, then either:
a. The DVR times out
i. Class 1E buses disconnect from off site power and transfer to the DGs

ii. Based on previous analyses, Class 1E components have adequate voltage for starting and
running within analyzed time limits

OR
b. The DVR does not time out
i. Class 1E buses remain connected to off site power

ii. Based on previous analyses, Class 1E components have adequate voltage for starting and
running within analyzed time limits

This page added by R2
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Cale. STUDY-EEB-EBN-12-001
Attachment 1
Bases for Motor Starting Voltage

CALCULATION SHEET Page 1 of1

CALC NUMBER: WBN-EEB-EDQ000-999-2007-0002 REV.NO 20 | SHEETNO. 11

3.0 DESIGN INPUT DATA & REQUIREMENTS

The evaluation documented in this calculation was previously performed and documented in the following calculations:

WEN EEB-MS-TI05-0001, Auxiliary Power System Database (TELAS)
WBN EEB-MS-TI06-0002, Auxiliary Power System Analysis (ELMS-NON1E),
WBN EEB-MS-TI06-0010, Auxiliary Power System Analysis on 1E Buses (ELMS-1E).

The design input data identified in these calculations are sfill valid and will not be repeated here. Only new and significant
design input data will be identified here.

3.1 “WBN ETAP CONVERSION, Phase 1 - database Conversion”, RIMS B43 90303 001

3.2 Not used

3.3 Acceptabls Voltage Ranges

3.34

3.3.2

3.3.3

Steady State Board Voltages

6.9V Switchgear 480V Switchgear/MCCs
Manx: 7260V (2) 508V (2)
Min: 6681V (1) 440V (2)

{1) This is the reset operational limit for the degraded voliage relay (Sec. 3.12).
{2) PerTable 1 of ANS| C84.1 (Ref. 2.28), Utilization Voltage Range B.

Minimum Operating Voltages

Running Motors

6.6KV** 460V*
Max: 7260V 506V
Min: 5940V 414V

480V Static Loads

Max: 528V
Min: 432V (this voltage is conservative compared to the Range B utilization voltage of 424V in Ref. 2.23)

* NEMA MG1 Section 12.45 requires that motors shall operate with variation in voltage up to plus or minus 10% of rated
voltage (Reference 2.24).

* Ref. 2.23, Utilization Voltage Range B.

Minimum Motor Starting Voltages

6.6kV Motors 460V Motors 460V Air Comp 89-10 MOVs Non 89-10 MOVs

5280 (80%)™ 391V (85%)™ 368V (80%)"™ Att. 11.5 368V (80%)**

** Percentages are based on 460V rated maotor voltage. For motors rated other than 460V the same percentages are
applicable. The minimum starting voltage for these motors may be different from the above voltage If it s based on
manufacturer's data or test reports per Att. 11.4.

*** 80% for all motors except the for ERCW Pump motor which requires 90% and Aux Feedwater Pump motor which
requires 85%. See Attachment 11.4 for moter starting voltags,

The minimum motor voltages for LV maotors are based on the following:
Class 1E motors up to 30HP, NEMA Type B, provide 150 percent starting torque at full voltage which corresponds to

close to 100 percent torque at 80 percent voltage (Ref. 2.24). For loads, such as fans, as the speed Increases, so does
the torque requirement. Other loads such as positive-displacement compressors start unloaded and do not reguire a
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Attachment 2 ‘ WBN-EEB-ED -8988-2007-0002, REV. 20
Degraded Voltage Relay Settings ATTACHM 11.6

Page 1 of 1 Page

—WBN-EEBR-H56-6029-

Figure 8.3

~—te—— Grid at 153kV Post Event

€672 v*** (Pickup)

Nominal Reset
6642V DS-1, DS-2 Timers

- TBD
Degraded Voltage Ralay ]

12 Sec FSAR
Commilment

85 ) 11.5

Nominal 6600 V
6570 V*** (Dropout)

S Motor Start Vollage Dip
{8060 V per Ref. 2.2)

~——2--—Grid Security Boundary
141kV 6560V (l.e. 1 fallure
away from collapse)

8060 v+ (Pickup)

Nominal Reset
6036 v

LV-1, LV-2 Timers.

0.756

Loss of Voitage Relay

B Rt e Nominal 6000 V 0.4 1.14
5967.6 V*** (Dropouf)
memmvsmediaiinanns 5934 v*

---=f——- Vollage at Motor
Stall Point (5600V)

e Grid Collapse at
113kv Calc. No. WBN-EEB-MS-T106-0029 Rev, 31
This Sheet revised by Revision 31.

Figure 8.3 - Degraded Voltage and Loss-of-Voitage Relay Setpoint

*  Analytical Limlt (Ref. 2.20)
** Operational Limit (Ref. 2.20}

% Allgwable Velus {(Excludes PT accuracy - Ref. 2.16) Thils page replaced by R20
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WEN-EEB-MS-TI06-T0LO RO
ATTACRRENT (0.5 - BLOCK HOTOR START DATA

HS SiM]

papei
o=

f
.

IGQY

‘A3H AE Q

b

221

0¥ ‘2000-£002-666-0000-03-E33-NAM

9z jo g abey
‘TLL INFWHOVLLY

9z jo Z ebed
£ Jusliyoeny

NIN ACCEL

HUTCR BOARD HAXE  CONP HOTER HAKE WoORE LA OIRPF XOFR  NGFR  KOTOR  CABLE  CAMLE CABLE DABLE CAWLE YOL YOL  TOTAL  TOVAL START TINE VOLTAGE NEV

. o ks WL, BUE LM R T 3 U VT SEE  RER
‘ m
+ 2 G.OKV SHTDN 80 1h-A 12 CNTHT SPRAY PRP 1A-A 700,00 5258 294.0 0.33 129608 L1 12,23 [PPEISA 3-IC 420 E20 01085 0.0780 0.068¢ 0,431 B0 3.3¢ 53081
# 3 E.SKV SHTOM BD PA-A 14 RHR PUNP 12-A 400.00 30,00 1075 0,33 20,377 6.6257 19,2025 APPSISA 3-IC #2/0  G63 D.0ES 0.078D 0.0719 60,0517 B0 3.60 5298.6
T 4 5.9V SHYDR 8O tA-A 15 SAFETY INJ PNP 1i-p- 00,00 31,00 219,8 0,30 73836 5.2159 16.3982 1PPRODA 31C 4240 618 0.1085 0.0780 B.0671 0.0452° 80 4.00 §309.1
© E.9KV SHEDW 30 3A-0 B ERCW PMP A= 800.00 £3.00 3440 0.19 110771 2.1045 10,8753 PFETSA 3-1C 420 ABE 01085 0.07R 0,362 0.2604 90 26D BUE.2
t 7 G.9KV SHTDM BD [A-A 10 ANE FECDUTR PAP 1A-A 602.00 4%.50 300.8 0.20 17607 2.9403 i2.4451 IPPESOA 3-IC £2/0 330 0.1085 0.0780 0,035 0.0257 83 £.60 G624,
3 9KV SHTON BD 1A-A IS CHITHL CHRE FHF la- 600.00 45.00 269.7 0.35 141287 L0430 132350 IPPSHOA 3-1C E2/0 531 0.1005 O.0780 0.05%6 0.0414 B9 055 §I0L.1
4 11 6.9V SHTEN BB 10-B 4 RHR PU®P 1B 400.00 30,00 I87.5 0.37 .32 66252 192195 IRPSETA 3-IC M2/0 376 C.1085 0,070 0.0408 00201 B0 3,60 520.7
# 12 £.9KV GHTEN BD 1B-3 1S SATETY INI PKP 1B-3 400,00 3100 219.0 0.30 I17.39%5 §,219% 55967 1PPESZB 3-IC RC VB0 C.1085 0,078 0.0045 0.0508 B0 4.00 3305.4
%13 5.9KV SATON BD 18-5 16 CNIFEL CHRG PHP 1E-B G00.60 45.00 269.7 0.35 (4.1267 49450 127350 IPPTRZE 3-BC F2/0 690 0.1085 0.0780 0.0757 00566 80 465 5302.0
€15 E.SKV SHTEN BD {B-D §  ERCH PHP 7-B BO0,00 E3.00 344.0 0.1% 1,077 21045 10.8753 IPPIQOB 3-1C 42/0 353 O.1085 0.0700 0.3940 0.2M8 0 2,60 61373
516 6.5KV SHTON BD 1B-B 10 AUT FEEDWTR PHP 13-D 600,00 49.50 300.0. 5,20 (2,707 L5403 1L4451 IPPEE2D 33 KA 446 0.[0B5 0,0730 00484 0.0M8 85 S50 56294
. E17 G.SKVSHTONBD ID-R 8  CNTHT SPRAY PP (5-B 700.00 51,58 294.0 0.33 ILUE0S LW 12,2349 (PPEDE 3-IE RS0 7S5 01085 0.0780 0.0820 .05 90 2,30 5338
520 45V Sh3D IA1-h 3200 35 CHPHT CLG SY5 PP 1A-A 350,09 389,00 2684.0 0.30 0,524 0,0352 0.0206 IPLATESE 3-IC 1500 €75 0.0314 0,050 0.0106 0.0182 70 300 3M.i
. IPL4T26A 3-IC $500 675 0.0314 0.0340
44 £BOY RT MOV 3D tAL1-A 16E RCP SPRAY ISLK WLV 0.67 210 0.5 .60 75,2930 IS.76L 20.7348 IVOISSA 130 M2 4B5 L1500 O.O0TE5 T 10700 2,149 040F2 95 4119
45 FHOV RX WOV BD TAI-A JE CHTFEY CHRE PIP 1A-A AOP 2200 30 256 052 HLTEMS 72855 T.23%4 IRLGI4SA 1-3C M2 EDD 21500 O.ONES T30 O.M4ID 14310 0.045% 85 423.2
43 4B0% X MOV B0 1A1-A BB VL CONT TANK DUTLET {SLKWEY 190 2,50 260 0.60 10,2047 61288 B,1717 (V27504 130 M2 500 2.1500 0.06765 729 02340 L3120 .03  BS 241
+ 51 480V RY MOV ED TA1-A TE CHARGING FLOU [SLN WLV 150 3,00 260 0.60 10,2047 61288 BITIT L9274 IS0 K12 EB4 2.1500 0.0765 T29 0.2370 LTOT6 0,052 40 4.3
§2 400V RE MOV BD 1A1-A 74 SEAL FLON RET £50L VLV L3 350 260 060 10,247 60288 B.I707 V2BOOA B-3C B12 GIG 20500 O,0765 YIS 02379 L.G6M 04T @0 §05.5
33 480V RY ROV BD 1A1-A 94 RWST TD CHARGTME PNP VLY CONT L9 250 260 DGO 10,2147 G.I288  8.0707 V008 §-3C £12 43¢ 2.1500 00765 128 02370 10701 0033 60 5.5
31 480V RI MOV BD 1A)-A L1D SIS BUROR [NJ TARK SRUTOFF WLV £.90 3.50 26,0 O.60° 10,2047 G.1208  G.U707 LV26E0A (30 M2 52 0500 0.0%S5 T 0.2370 1.37R2 0.044 8O 08,7
54 430V RE MOV BD 1A1~A UIE 51§ BYT TNLET SHUTOFF WY L9 3,50 6.0 0.80 10.2147 5,1288 B.I717 IW2695A B30 MO 532 1.3500 0.6703 TH9 0.Z9F0 .99 0.047S 65 a1s.1
T5 48OV RX KOV BD IAI-A 170 ANRULUS STANDPIPE 1S0L VIV 6.67 2.10 10.5 0.60 25,2931 1S.761 20,2349 1V9360h (=30 412 537 25500 0.0765 120 1.0700 Z.2138 0.0407 85 4129
£70 4ROV RX MOV BD 1AI-h 13F CNTNT SPRAY HDR A ISEN VLV 320 520 25.0 0.60 T3N3 44264 59008 1M2000A (-30 M0 75 1.3500 0.0705 137 D.1000 05757 0.038 @0 6.8
81 480V RX %OV BD 1Al-A 14D RHR PP [A-A MIN FLOW WLV 0.13 0,43 A6 0.50 102.1465 RL.2080 H1.7373 IVES25A 1-3C BE2 ETO0 2.5500 ©.076% 19 117200 13.1505 ¢.0513 &0 98,4
4 §5 4B0Y RI MOV BD 141-h (7B CHTMY STAWDPIPE IGLN VLV 0.67 00 0.5 0,60 25,293% I5.0761 2240 [VGI4PA 130 #2695 2.0500 0.0763 T2 1.070¢ 2.5664 0,091 B 4165
1 BY 400V DSC AMY BD IM1A 54 85 LA-A AIR CPRSR 2 500 7.0 45 062 55681 37002 L6826 PL2195 130 M2 00 21500 0.0765 T3 0.0 CME LI 85 401.5
€91 4BV DSE AUT BD JATA 34 EM DS MY IM B A2 SPRY WLV 013 0.39 2.6 0.60 1023466 BL.IEBD ALTIZ3 PLTI4EA 1-3C HIZ 155 23509 0.07E5 TR §3.9500 $4.2032 0.0019 . 55 426,1
%93 4HOV DSL.AUY BD SAIA 6A DG IA-A MUFFLER RN EXH FAR 050 6§ 200 0,52 13,2791 8.2330 10.4188 PLZ23S 1-3C #1262 21500 0.07%63 T25 6.2350 O0.4%I2 0.0047 I 63 399.¢
55 460V DSL AUY BD LATA 26 DS 1A-A RN EXN FAN 1-k 15.00 19,50 1104 0.4 22427 1.098% L9550 PL2620A 1-3C 8 105 0.6490 0,0705 W9 0,005 0.0840 9,007 [ 8 100.5
£101 420V BSL ALY B0 JAKA 4D DB RM 1A-A Pl VEKT FAY 15.00° 20,00 118.4 0,49 .24 1099 L9SI0 PLAMA 13 B8 130 0.8490 0,0705 T48 0.0083 6.1185 0.0002 & o5 402.9
4106 MGV CWA VT BD $Al-A 10C PIPE CHASE CLR FAN 1A-A 2.00 400 25.2 055 10,5389 6.9979  7.8B03 IFLAOFLA 1-3C W16 GO0 1.3300 O.0705 T3Z 0.1000 0.9I00 0.0423 § 80 .80 390.9
105 486V Ckh WY 8D IAL-A 9A MR PHP LA-A RM CLR FAN 500 &0 45,0 0.52 EA0I8 .ES  4.5306 PLTIA 136 MO 624 13500 0.0705 TI7 00430 0.8E3¢ 00440 % 60 2,00 4063
#1065 48OV CIA UT BB QAL-A 30 CNTM EPRAY PNP 1A-A RN LR FAX 7.50 9.00 62.0 0.57 A4.2E36 2.4406  3.5195 (FL0SIA 1-32 610 630 1.3500 O.05 T40 0.0223 0.893 &.044% ; 20 0.70 41B.2
107 460% C3A VT BD 1A1-A BA GAFETY INI PMP 1A-A RN CLR FAN 5,00 % £.10 45.0 0.62 5,908 3Z.6591 4.6306 IPL29B1A 1-3C B10 632 1,3%00 2.0703 T37 0.0430 0,8352 6.0446 © B0 2100 407.0
108 4B0V CA VT BD IAl-A 10A CNYFE CIE PP 1A-A RN CLR FAN 5,00 6.10 45.0 0.52 5.9018 3.6591 46305 IPL30OLA 1-30 W10 447 1.3500 0.0703 T37 0,0430 G465 0.0315 B0 200 3557
109 466¥ CkA VT B0 JAI-A 5A GFP PMP A-ALTE BGT PN SPLLRFAK 7,50 9,00 G620 4,57 4.2836 2.4415 2.5196 (PL3ISLA 1-36 W10 240 1.3500 90,0785 T46 0,029 0.2469 0.0165 @0 0.7¢ 3869
#10 4GBV CLA VT BD PAI-& 5E LUS & AFW PIFS 5P CLR FAW A-A 20.00 24.50 1399 .38 LE984 07170 5,739 IFLBMGMA 1-30 4% 400 O.B490 0.0705 TS0 0.0036 0.3432 00252 G0 0.48 4025
110 4E0¥ CHA VT BD (AM-A GE PEN RN EL 737 CLR FAN LA-A .00 4.00 -25.3 085 [0.4973 6.0127 7.9862 IPLT031A - 410 172 1.3500 O.0705 T32 0,1000 0.33% 80121 90 240 e
112 4BOV CRA VT BD fA1-A ZC PEd RN EL 692 CLR FAN 14-A 300 400 25,0 .52 18,8232 6.5BRY  0.3350 IPL3IAA 1-IC X0 486 1,3500 0.0703 132 O0.Se00 0.7561 0,0343 Q¢ 240 3857
113 4E0V CUA VT BD 1A1-A 105 PEM RN EL 713 CLR FAM 1A-h 2,00 4.00 26,0 0.62 10.2047 £.3330 8,004 1PL311K D130 M0 396 13500 -0.0705 T32 0.1000 0.5345 0.0279 B0 0.9 3¢%4
SI17 dEDY kA VE BD IAI-A 24 COMT BLEG ENERG AIR CU FAW A-A J0.00 [2.20 110.0 0,53 2,444 12795 2.047¢ 1AL330{4 1-3C 0 240 90490 0.0705 143 00039 0.2076 0.0162 S 4130
#116 480Y CLA VT BD §A1-5 122 CONT BLDG EMERS PRESS FAN A-R 1,00 5,70 15.0 0,62 7,705 10,9774 13.8317 IPLIVO7K 1-3C H12 582 2,1500 0.0765 T2 0,4930 L9613 0.0722 83 120.1
11 480V CTA VT BD RAG-A 4D EXERG BAS TRTKF 515 A-h .00 .00 1320 0.6 20120 0.9235 L7865 IPLISHOA 1-3C AR B 00490 0.0205 TS0 0.0036 0.3160 60,0253 75 9.0 AT
208 480V RI MOV BD 1A2-4 3D ST 6CA KD.1 F¥ ISOL WLV .40 4810 4940 045 O.53FE OIS 0,4801 {U2080A 3-IC E300 BSO 0.C300 0.0865 1S3 0.0023 0.044R 0.0497 70 0.8
ST GEN ¥3.1 FW ISOL VLY BRAXE 0.30 2.5 1,00 1769231 1765231  €.0000 1V29604 I~iC 84 S0 0.3363 4.0630 0.4317 07881 O.05E8 8D 9.5
%25 GOV I MGV BD fAZ-A 40 STGRE AW TSIL VLY JB.40 48.00 4340 0.45 05316 0.H19 04801 IVESS0A 3-IC B30 B0 O.0300 0.0585 TS3 .00Z3 O.0ME .04 70 0.8
: STGER ¥D.3 F¥ IS0 9ITEEE . 0.30 2.6 §.00 175.9231 §7E.9201 00008 IW2950% 2-[C 86 0B 0.3363 C.0E3D 0.4317 071X 0773 W 3:9.5
206 4ROV RY MOV B 1A2-B 90 UPR CNT YT CLR ©A D15 1SOL VLY 0.2 045 2.0 0.60 B4.5000 5O0.74B0 E7.6540 IVI0BEA 1-3€ 12 492 24806 0.G765 9 107200 127778 0,037 B9 4316
YRETA 310 412 M0 L1500 D.OT7ES 0.7310 D.0250

———————————— R T
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25
26

7y
30
m

32
234
€237
1228
21
H2
1281
255
¥IE7
1263
1308

0y
kpl:}
k)
733

334
+336
340
P50
1364
1369
1371
1373

k143
5381
313
3384
8385

386

87

380
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m

342
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HOARD NAME

480V RI WOV BD 1A2-A

490V RE KOV BD 1A2-3
480V RX DY HD JA2-A
AHOY RX AOV BD EA2-h
480V RI HOV B0 A2~
AT0V R KOV 8D fA2-A

4809 RI MGV BD IAZ-A
480Y RI KDV BD 142-A
440Y RI XBY BD 1A2-A

450V RI OV B0 142-A
450V EE KDV BD 1A2-A
4809 RI ROV BO [AZ-A
480V BRI ¥V BD 1AZ-A
A50Y RY MOV BD 1AZ-&
480V RT MOV BD 1A7=A
480Y RI XOV BD 1A2-A
484V RX A0V BD 1A2-k
400V DL ALY BD 1AZA
4BOV 2SI MUY BO JA24
450% SDEG (81-B 3280

430V BY MOV BD 1Bl-B
ABOV RX MOV BD 1B1-B
{80V R KOV BE 1BL-B
430V RT MOV BY {B1-B

430V RE MOV BD 181-B
450V RD MOV B 1BI-B
480V RI NO¥ B3 {BE-B
480V X1 MOV BB 1B1-B
480V RI N0V BB 1B1-B
480V PSL AU BR IBIB
480V B3l Al BD 118
AHOV BSL AUT 2D 1BIB
480 ISL AUX BD I1B1D
45OV 51 AME BD 124B
4809 Cka V7 B2 1E1-B
4BOV CRA ¥T B 1BI-B
480% CEA VT B2 {BI-B
400Y CEA ¥T BD IBL-R
480V CA ¥T B9 1BI-B
4B0F TLA VT BD 1BI-B
450V €A VT BD 1BE-B
480y ChA VT ED 1BE-B
480V Tk YT ED 1Bi-B
4869 LA YT ED 1B1-B
4807 CLA VT BB 1BI-B

m

_ ATTACHMENT 16.5 - BLUCK WOYBE START DATA

Con? HOTOR NAHE

LW CHTRT CLR 1A DISCH IS0 VLV

7F UPR CHTH VT CLR 1A 5UP IS0 VLY
BF UPR CHINM YT CLR IC S0P ISE VLV
89 LWR CHTHT IA CLR SPLY 1S0L WLV
A LWR CHTHT IC CLE SPLY 1SBL ViV
16D P CNTK VT CLR 1C BISH §50 VLV

9F UP CHTN VT CLR f% DISH 1S3 Wiy
8B LR CHTE 13 CLR IISCH ISB WY
B0 LWR CHTHT 1C CLR DESCH 1S3 Wy

10F UP CHTK VT CLR 1D DISH 158 VLY
104 LUR CHTAT 1D CLR DISCH 150 VLY
140 RCP THRN BARR RIN CHTX 150 VLY
P1E RCP THRM BARR CNTHT 1SOL WLV
120 RCF OUL £LR RTH CHTAT ISLH VIV
L2F RCP (ML TLR HOR CHTNT ISUH W0
18D EXCS LYDK HY CONT ERLT 750 Wi¥
13E ANHILUS SPR ISLH VLY

A DG JA-A AIR CPRSF 1

18 DG 1&-A RN EXH FAR 2-4

I CHPHT (L6 5Y5 PKP 1B-B

40
BA
TA
31

CATFGL CHRG PEP 13-8 AOP

VOL TONT TAMR DUTLET ISLN WV
CHRG FLOW TSLH WLV

SEAL FLIHF RET 25LH VLY

EB RUST T0 CHARGING PP WLV CONT
E7D ANKUEHS STARDPIPE ISLN WLV
LIE SIS BORON TRY TAMC SHWIDFF WiV
144 CNTAT SPRAY HER 1B ISLN WLV
5B RHR PuP 18-B MIN FLEV VLV

SA 98 18-B ATR (PRSP 2

JA EM DE EXG HY SUP VLY FM HOR 1B
6N I 18-B MUTFLER RM EIN FAR

i

613

0,13

8.1
0.33
6.3
6,13

0.13
4,33
0.13

0.43
0.33
4.70
0.1
0.13
0.33
¢33
.00
3400

.00
.50
1.30
L9

.9
067
L.98
L0
0.13
5.00
%1
1.56

28
L0}
kL]
94
i
Jk
3E
8

B5 10-B RA EXH FAN 1-B
UG FX 1B-3 PHL VENT Fad
FIPE CHASE CER AN 1E-§ 3.00
FHR PP LB-B RA (LR FAH 5.00
CHTM SPRAY FXP 1B-B BA CLR FAH 7.5¢
SFP FMPB-BRLTR BST PHP SPCLRFAN 7.50
CT5 LAFW FURPS 5P CLR FAH B-B 20.00
SAFETY 181 PHP 18- kA CLR FAR 5.00

15,02
15.06

104 ENTTE CHRG PHP 3-8 RM CLR FAH 5.00

BE
o
i

1A CONT BLOG EMERS PRESS FAN B-B

FEK BN EL £92 CLR TAw 1B-%
PEN RN EL 713 (LR TAN 1B-B
PEH 3 EL 737 CLR FAN 13-3

3.0
3.08
3.00
1.00

Ll

0.60

0.45
0.45
0.95
0.9
0.43

0,45
0.95
0,60

0,45
0.35
.30
0.45
0,50
0.%5
0.93
L1
LI

318
.00
3.5
3.50

.50
10
19
.20
0.43
7.1
0.29
2.b4
19,50
20.00
4.00
.10
9.00
3.00
W3
.10
B.10
4.00
500
3,00
1.70

2
.7
]
b

—
EA £0 LM LI K] B3 LA LY

.2

*

7
7
i
5

L

-

15,80 19,50 1§8.4
J30.00 353.90 2034.0

22.5
6.8
6.9
6.8

26.0
0
26.0
36.0
1.2
$4.3
4
.0
e+
i18.4
5.2
3.0
bz.0

3.0
2%.49
5.3
15.0

LRPF

0.60

0.580
4.60
.50
9.50
¢.60

.60
8.60
1,60

0.6¢
0.50
0.80
0.6
0.5
0.50
.60
8,60
0.52
048

.30

0.62
.60
0.60
6.50

0.60
3,50
0.60
0.50
.60
0.82
6,50
1,62
0.4%
0.4%
0.65
0.5
0.57
0,8
0.38
0.2
0.52
0.62
6.62
6.65
0.62

BOT0R
I

73,8863

84,3415
84,3115
46,5932
46,5932
4. 5800

B4.315
46,3932
75,8803

.35
45,0932
2513t
162. 1468
84,3115
45,5932
46,5332
53,1162
5.9693
2,2430
0. 4274

H.2670
10.2147
10.2147
10.2147

10.2147
d3.1162
10,2047
1.3m3
B4.3113
3,988}
102, 1456
13.2791
2.4
2. 2431
10.5385
5,900
4.2838
4.3k
1.8384
5.2958
3.9018
10,6232
10,147
10.4573
13,705

HOHR
Re

45,5282

50,5889
30, 5063
21.%9558
20,555
30,7480

30,5863
.58
45,5202

50,5889
7.9553
15299
61. 7060
30,5049
.9558
27,9539
1.85%7

N TH

1.084]

0.0382

7.2353
6.1288
E.1206
b, L1286

E.1289
31,6657
&.1208
4420
50. 5468
2.7002
B1.7300
8.2320
10931
L6281
£.997%
3,659
24416
24418
0.7138
3,848
2.6591
£, 5264
£33
B.B1Z7
104774

HOTER
jlu

£0.7043

B7.£4%2
E7.4432
12045
In2145
£7.6B40

614452
31.2145
&0.7043

674452
2745
17,2054
BLIIIZ
£7. 4492
I7.2145
377748
42,4930

§.6836

1.9551

6.1216

3,254
B.1717
g4717
1717

iy
42,4930
81117
5.9018
57,4492
4,682
§1,7173
10.41Q8

CABLE
Ha.

1922614
V22674
V30204
136354
V19304
120208
1Y30984
V309K
1V3060A
1920304
32104
FEHITEY
1V30THA
1¥20908
V26504
126508
1V2BETA
1v28784
1922924
1Y31514
L2200
PL2629A
IPLE743R
EPLATAZR
1PLEIS2D
V27708
{¥22558
1¥28008
1¥28098
V21008
131538
V26878
1¥2B308
IVISE3B
yrri b
PL2IETB
L2243

1.9553 PL2BTAB
1.8553 PL3iS20
7.5803 1PL30B1E
4.6306 1PLI0418
3,313 1PLI0GIE
3.5196 1PLILGIA
17531 1pL32018
4.155% 17129918
4.6308 {PLIGIIR
8.335¢ IPL2141B
8,0144 IFL3f218
7.9862 1PL310)E
3,897 IR3AT9SE

CABLE  CAME CABLE

SHE

130 12
-3¢ 12
<30 $12
1-3C 412
-3¢ 12
=30 12
{-3C 112
3-1c 12
1-3¢ 12
1-3C 112
1-3C K2
3-5C 412
136 M2
-3¢ h2
=3 amn
1-aC 12
1-3C k12
1-30 W2
1<3C M2
i-3C $i2
130 #2
i-3C 48

31 1300
3-1c 1300
1-3¢ Hz
I+3C K2
1-3C 12
130 H2
31 T4
-3 M2
1-3C K2
i-30 He
1-30 1o
1-30 112
i-3C 12
1-3¢ 112
1-3C 12
1-3C B

1-3C 1B

-3¢ FO
1-3t Ho
1-3C HE
1-3¢ 1o
£-3C 1

1-3C KO
$-3C 140
-3¢ o
1-3C Ko
1-30 §10
-3 H2

LENGTH

2.1508
2.1500
21500
2.1508
1300
21500

2. 1500

L1530
11580
2.5580
2,150
2.1500
2.1300
2.150
1. 1506
2,1500
1.4508
1506
2.1500
2.1500
2.1560
0.8436
§.0500
0.0500
2.1500
L1506
2.1360
2,1300
3.4130
2.1500
21504
1.3500
1.3508
2.1500
2.150%
2.1500
2.1300
0.8490
18439
1.3500
1.3500
13500
1.3500
0.645¢
1,310
1.2500
1.3300
13500
1.350¢
2, 1500

CABLE
it

0,075
0.0155
0.0765
0.0765
00765
00765
0.0763
0.0765
8.0765
68,0765
0.0765
0. 0785
0.0763
0.0765
0.0755
00765
0,67¢5
0.07E5
0,765
0,0765
0. 0765
0.0705
0,058
00585
0.0765
0.07E5
0.0765
0.0765
0.0825
0,0765
0.076%
0.0705
0.0705
0.0765
90765
0.0755
0.0756
0.6705
0,075
B.8708
0.0705
0.0705
0,075
06705
0.0705
0.870%
9.0763
¢.0905
£.0705
8.0765

™ T WA
. R R
Tiz 7.5300 68,3363

0.6753
1% 11,7200 122575
T3 17200 12.2575
TS 27908 4,782
IS 3.7500 4.9403
1§ 11,7200 12.7348

0.4300
T8 17200 $2.2575
15 3.7300 4.8965
112 7.5300 8.592t

0.0864
T 11,7200 12,2335
TS 37900 4.5044
724 05320 L0283
19 15,7200 13,1175
T2 7.5300 6.8738
T4 47200 6.1133
T3 .7300. S.4875
T19 1,560 2.9500
133 0.0288 0.1879
43 0.0007 0.0618

0.0144

131
T2
1%
122

1.5342
12198
L&7
6.8¢33
0.4508
1.5528
3,485

05410
82370
0.2370
0,231

127
119

0.2370
166D
29 6,230 1.0y
33z 0.1000 D.BBOS
19 11.7200 13,4959
9 06,0288 0.2068
T8 12.9500 18.20%7
128 0.2950 0.4347

T48
T48
m
T3
T40
T4
150
17
137
132
132
132
TS

4.0057
C.0083
4. 1009
0.0430
00228
06,0273

. B.9038

0.0430
0.0430
01000
0,000
0. 1000
0,4550

01178
6.1357
0.89392
£.0B36
0.68248
07243
0.3177
1. 0636
0.8475
0.B250
0.8454
£.657%
0.8175

RER
13,6

421.8
4216
416.3
HT.3
430,53

421.6
LIV
3.5

427.6
4150
qH4.2
4232
Hr.2
24,1
418.9
Li: 9
3340
A
N

§25.7

423.3

408.5
30,8

{05.3
401.3
£19.0
1.5
136.3
8.4
126.1
393.2
Hz.8
047
0.6
447
45.2
40%.1
3.7
20,4
404.8
3974
283.6
384.0

o~
0)

MY ACCEL

TOTAL START TINE VOLTAGE REV
TR

m
0.087 85
0.0
0.019t BS
T
0,037 85
0.409 85
0,031 85
50183
0019 s
8,00 85
0,078 &S
0.0031
0.0181 65
0.0918 65
0045 85
0097 65
0478 5
0.047 85
0.0487 8§
0.0058 B85
0.0057 85
0.0047 S
0.0167 0
2.04%5 ;i
0.3 5
.0518 86
0.0216 B0
o.0H1 6
00480 BO
0,050 BS
0.0853 BS
0.0303 80
00632 60
00032 85
0.0t 85
2005 65
0.0081 g5
00106 65
0047 @0 2.80
6,053 80 10
0.0 B 0.70
0.9367 _ 80 0.70
0,01 85 0.8
0,059 10 Zlo
6.0420 .19
0,03 B0 2.40
0.0285 30 0,30
0.6289 50 2.40

5

0.015

2.5
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VHR-EEB-NS-TI06-00L0 RO
ATTACHHERT 10.5 - BLOTK MOTUR 5TART DaTA

XBTOR
il

338
395
438
502
305

508
So7

518

Sit
512
33
e
33

58
519
526

iR
543
1528
¥334
540

kvi]
312
1305

W7
1589
(5513
59
EG50
62
1864

867
72

[3¢]
#£79

&80
1681

&62

£8Y
1650
043
345

BOARD NA¥C

4804 Cha VT 59 181-B
4BOV LUA VT B3 1B1-B
400V RY MOV BB f02-B

480V RI ROV BO 1B2-B
430V RI MOV BD 192-F

4BV RY MOV BD 182-3
4BOV RY MOV B0 1B2-3

480% BT MOV BD 1R2-B

deav 21 Mov B tuz-B
dE9V XX MOV B |BZ2-B
46OV K1 MOV BD 1B3-%
480V 21 MOV BD 132-B
480Y RI KOV 2D 1B2-B

80 RY MOV BD 182-B
450V RX OV B} 1B2-0
430V RY KOV RO jB2-3

480V RY KDV BD 182-B
460V BRI MOV BD 1B2-R
480V RI MDY ED 1B2-B
480Y RX ROV 3D £R2-B
4B0¥ RX KOV 8D 182-3

480Y D517 AT BD 1828
450V DSL AT BD 1B2B
6.9kV 5HEDN BD ZA-h
E. 9KV SHTEN BD 280
6. 3%V SHTBX 0D ZA-A
B.SKV SHTDH B9 2B-B
5. 95V SHIDH BY 28-B
480V DSL AT BD 2A1A
480V BS,. AT BD 2ARA

4BOV DSL AUT 2D 2514 -

4007 OSL ADI BF ZA1A
4ROV DSL AGI BD ZAIA
480V EEA 9T BD 2814
4BOY CVA VT 1D 2A1-4
400Y CLA VT BD 2A1-A
460V Chk VT BD 2A1-A
430¥ CLA VT BD 281-A
400V CLA VT 1D JAI-A
480V CRA VI BO ZA1-
400V DSL AUZ BD 2A2A
480V DSL AX BO ZAZA

caup

L}

BOTCR RAME iz

CONT BLOG EX AIR TLNUP FAH B-3 16.00

o

40
i

EXERG GAS TRINT SYS FAK 3-8
ST 6EM HD 2 FW 15LH VLY

§T GEN N3 2 FW [S1N VLV BRAXE
ST GEN 8D 4 FU ISLK WLV

5T GEN HO 4 Fu ISLX ViV HRAKE
RCP THRK BAR RTH CRTAEF 750 VLV

Ll
]

RUP THRN BAR CTAT iSD VLY
UP CNTR VT CLR 1B DISH IS0 wLV

BE
0
70 LWR CNTHT 1B CLR DISH 150 ¥
3 WP CNEN YT CLR 3B SUP IS0 WLV
107 UP CKEN ¥ ELR 1D SUP 157 WLV
104 LNk CRINT 13 CLR SELY IS(H WLV

108 LRR THTNT 1D (LR SPLY ESLW VLY
100 UP CHfA YT CLR LD 0I5 150 WLV

0P CHTH YT IR 1A DISY IS0 VLV
LR CHEHT 1A CIR DISH IS0 WLV
LUR CHIMT 1D CIR DISH IS0 WY

b3
b1 ]
Bb

UP THTN YT CIR 1C BISH §50 VLV
98 LWR CHINY fC L1 DISH ISQ NV
12F ARNULUS SPR ESLE WiV

137 REP OIL 1R HOR EHTAT 1SLM VLY
130 RCP DIL CLR RIN CHTMT MSWy WY

S& DG 18-B AlR CPRSR 1

28 DG [B-F RN EIH FAH 2-8
18 CHTFGL CHRG PHP 28-4
g ERCN PXP Dk

10 AUT FEEDWIR PNP 2A-A
B ERCH PAP F-B

10 X FEEIVTR PP 2B-B
54 DE Zh-A AIR CPRSR 2
3% BN D6 EHG HY 241 & 247 SUP WV
BA D6 2h-A MNTLER PN EXA FAR

28 E6 2A-A BM EXN FAN 1-p

4b L6 RX 2A-h PNL YENT FAX

10U PIPE CHASE CLR FAN 2h-A

20,00
3%.4c

23,40

L]

0,132
0.13

0.13

0.13
6.13
.33
8.33
0.13

8.13
0.3
0.13

0.13
033
0.67
0.3
613

bR

15.00
600.00
00, 00
600,00
806,00
600.00

300
0.3
L3

15,09
15.00

3.00

SE ATV LEA XIR SPACE CLR FAH A-8 15.00

88 PER RK EL 737 (L7 FAM Zh-A
2C PEN RH EL 892 CLR FAN 24
10D PER R% EL 713 CLR FAN 24-A
4k EG TRIAT 5YS A-A RE 1R FAM

.60
k3

2.00
3.0

33 AUI ELDG GAS TRTNT SYS Fik A-4 50.00

5L DG 2h-h AIR CPRER 1
28 DG 2A-A BN EXH FAN 2-4

3.0

13.00

fLl

12,2
25.00
48.10
.30
48,10
0.3¢
4,30

0,E0

0.45
0,45
0.95
0.93
0,143

0.43
0.93
¢.50

0.45
093
2,E0
1.9
0.80

7.1
12.50
43,00
£3.00
49,50
£3.06
49.50

7.10

6.39

2.53
149.50
.00

$.30
.2

4,00

4.3

4.00

4.10
£2.00

1.4
19.30

3.3
341
.7
a7

344

LRFF  KHTOR
I

0.33  2.4144

.46
043

29120
0.6742

1.00 76,9211

8.45

0.6792

1,00 176.9231

0.68

2.1318

0.60 102, 1466
0.50 302, 1468

0.60

0.50
L.80
.60
.60
0.69

9.60
0.60
.60

0.60
0,60
.60
hED
0.80

0.62
0.43
0,33
6.1
0.20
0.19
0.20
0.52

73,8803

845808
B3NS
46,5912
46.332
84,5800

84,3115
45,5332
75,8503

LB R H]
46.3932
s3. 182
$6.5932
75,8603

5.9681
.2427
14,1287
15.0771
127017
11,0728
12,917
. 2681

0.50 1021466

0.82
0,49
0.49
0.86
0.48
0.65
.62
0.62
8.53
0.37
b2
0.42

13.279¢
1247
.40
16,5388
2.523
10,4627
9.4506
9.9506
9.82E3
0.673
5.7735
XL T H

HOTOR
a

1.27%
8.5255
0.3057
§76.9231
0.3037
1789731
13.2791

£1.2080
£1.2680

45.52a2

50,7480
30,5889
27,9553
17.9533
50. M8

36,5369
27,3359
45,5282

50. 5869
27,9959
31,89
7,959
43.5282

3.7002
1.08%
4.9450
2,15
2.5403
24045
2.5403
37002
£1. 2800
#,2330
1.0083
£.0088
6.9379
12384
6.8E58
£ 1694
b.1694
5.7132
6.3232
3.57%
1.058%

HITOR
jia

CABLE
0.

20474 1FLI300R
1,7969 JPL3SA0B

4.B0EE
4, 0900
0.£086
G, 0000
17.7084

8172
BLHT2

§0.7043

B7. 5640
67.4432
7. 2743
7,245
87,6640

E7. 443
IS
§0. 7043

£7.4492
37,2745
42,4930
37,2145
§0.7043

§.6826
1.9353
13.2351
16,8753
12,4451
10,6753
12,4431
4,5826
37173
104168
1,935
1.35%

V30008
1930608
1930168
V30108
1v26408
Y7647
1VIET08
V31068
V31078
V22758
V22768
1930518
1V30%68
1¥20508
1Y26508
131208
1¥31218
1¥30268
1V20108
1¥22838
e
1430428
1V20408
1931708
1¥ZEERR
[VaesdB
1928558
PL2ZX

PL26GIB
JPRIEHA
2FPEE7A
2PPTI3A
PP7128
2PP5ETA
PL2IOS

PL2EGA
PL2242

PL263EA
FLI4BA

7.E803 2#L30TIA
2,199% 2FL3N5HA
78152 PLI091A
1.0072 2PL313EA
19022 2PLALLA
B.2412 2PLI4A
6. 8158 ZRLIMBA

45298
1,9558

PL22tY
FL2B4TA

CiglE CABLE CAME

SHE

-0 8
130 48
31T 1300
10 14
3-1C 1300
38 4
-3t M2
1-3e 112
=30 12
=302
1-3C 112
1-3C 112
1-3C 412
1-3C B2
1-3C M2
[-3C 412
=30 H2
12 312
-3¢ 452
1-3¢ 12
1-3€ 12
130 12
0 H2
1-3¢ ti2
130 112
-3t 12
130 12
3 2
(I 1
1-3¢ 412
1-3C 48
3-1C 1210
31 R0
310 8200
3-1C R0
3-1¢ 920
1-3C 112
1-3¢ B2
1-3¢ 12
30 1
1-3C 18
13 Wb
1-5C 18
1-3C M9
1-3C 41
130 10
30 110
130
1-3C 12
13 48

26
e
850
B24
830
m
618
of
22
463
#
B4
0
H3
3N
313
k£
W
30
in
925
453
B7
495
4R8
126
L)
265
109
100
116
673
3186
a0
392
60
ito
150
52
7
30
i
Feil}
62
™
250
500
550
a2
100

LEHETH &

€.B430
0.B430
0.0580
68,3363
2.0500
0,3383
2.1500
2.1300
2.1500
2.5500
2.1500
2,1500
2.1300
21500
2,1500
2,150
2.1500
2.1500
1.}500
2,156
Z.t500
2.1300
2.1500
2.1500
2.4500
2. 1500
2.1500
Z.1500
2.1500
2.1500
0.E490
0, F083
8.1085
0. 1083
§.1005
0.1083
1500
2.1500
.15
4,248
0,8430
1.3500
G.2430
1.3500
1,350
1. 7560
1,2500
0.2134
2.1500
4.84%

EABLE
it

0.0705
6, 0705
0.0585
2. 0631}
00585
00630
80765
0.0765
8.0765
6, 0765
8.0765
0.0785
#.0765.
00763
0.0765
60,0765
0.0765
0.6765
D.078S
0,07685
0:0765
0.0765
0.0785
0.07ES
00783
#0763
.0785
6.0785
O.0768
¢.8765
0.0703
0.0780
0.078D
9.0760
02,0780
0.57880
00788
0.07E5
0.0763
08,0705
0.0708
0.0705
00708
0.4708
00703
0.0705
0.0705
0. 0813
0,078
Q.07%3

™. T TOTAL
M. R 24

3
Ti0
133

00138
0.0036
6.0023
04353
f.0022
6.4353
0.6320

61522
0.4796
0.0873
0.9835
0.0873
0.9263
14607
0.2150
79 117200 12,8423
19 WA LTS

0,3460
T2 7500 6,925

00850
19 117200 12.B918
19 117206 12,509
TIS 3.7900 4.8330
5 17900 4.3046
T8 11,7200 12,2683

8,721
T3 117200 12,7344
Ti3 2.7980 49188
TI2 7.500 8.5255

0.144p
19 11.7200 127843
TS L0 4B
T3 18600 3.2620
TIS 170 4,339
T2 7.500 8.0398
0,2150
82438
0,099
0.0730
8.3457
0.0510
04147
0.0226
T 0,088 6.2438
T8 129300 14,2540
128 0.2950 0.4084
T3 00057 00652
T4 0.0083 0.118%
132 €.1000 L.0450
T4 0.00B3 0.1866
32 01000 0.45%7
132 0.0008 10476
TR 01008 0,575
132 0.1000 0.7750
T 04912 01186
178 0,038 0,711
TH9 0.0037 0.0%5

=3
vl

0.9208
0.0057

k]
]

e ———

NN ACLEL

“TOTRL  START TINE VOLTAGE REV
U LTSEC  REQ

® : z
00148 85 a3 z
0,035 75 .70 5.0 m
00837 70 27 &
0.0 B0 .1 m
0457 70 LT p
00312 80 368.9 g
0.0473  BS 5.9 a
00077 : @
0.0999 85 122.4 @
0.035% A% 4.6 8
0.6337 ~
o.0405 8% 20.7 =t
2.0 =}
0.0417 85 £29.5 s
00233 ifS 28.0 =t
00392 {is #7.2
0.0258 i85 £15.0
0.9145 4259
0.0260
0036 95 9.2
0.0402 85 7.3 »
0.035¢ 85 $19.5 3
0,0951 g3
(1.3 7 I £9.3 ® I
0.0373 S 416,19 »E
0.055 85 5.9 &=
0.0418 85 BETYAR 52
0.0 B 10,2 2
0.0077 -
00077 g5 (61,5
0.0078 €5 401,0
0.035 60 4.65 5308.0
0.2M85 8D .60 5429.4
00367 85 £.80 5630.4
02981 90 160 £142.1
0,023  B5 6.E0 SEAT0
LU 85 HL5
o 85 4261
00040 BS 3965 I3
20049 85 397.4 < 2
00092 BS 029 .
S04 09 4120 g a
0.0148  BE5 407.9 g%
0.0185 B 248 A3 — g
0.0547 B3 20 =4 o
niHT B w1 O 5
0.0983 B0 1.5 8.2 =
0.038 73 LI¢ 36T @
0.0053 &5 00,3 g
0007 85 0.0 =

‘B

£ WeLIoERY
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SiHL

'AFH AB G3QQV L33

17-5ep-92

HER-ERD-NS-TIO6-0010 RY
ATTACHNENT 10.5 - BLOCK MOTGR START DATA

KOTOR
.

5304

¥514
g
18
g2t
Lirag
928
331
934
Exs)
936
H2
343
+HO37
#1102
i

BIART NAME

4B0v SPED 2B1-B 3200

400¥ 5L AUT B0 2818
480¥ 5L AUT BD 2B1B
480Y DSL AUL BD 281K
4B0Y DL AUT AL 7R16
480V HSL AUX BO ZBiB
4BOV ELA VT ED 201-B
480V CtA YT BD 285-B
4BoY C¥A VT B 1B1-B
480 Ck VT BB 281-8
430V LA T BD ZB1-B
480V CLA VT B0 2B1-B
4B8Y (LA VT BD 2BI-B
480V RY MGV BD 282-B
430V DSL AUT 2P 2828
80V DSL AUT BD 2828

1113 480V RY MOV BD 1EZ-B

1

480V RY MOV B 1AL-4

{onp NOTOR HRAME i FL1  1RA LRPF MOTOR  MOTIR
s Re
3C NPAT £L& 5YS PMP 28-B 350.00 389,00 2084.0 0,30 0.1%374  0.0382
I8 GG 28~ AIR CPRER 2 00 7.0 €45 0.62 5,900 g.002
3k EM D EWG SUP VLV PRGN JDR 1B 0,13 039 Z.E 0.62 102.1466 £3.3303
G6A D6 28-B WUFFLER %8 EXH FAN 1.5¢ 265 .6 082 I3.ZM1  RI3N
20 15 28-B RN EON FA¥ FAN 1B 15.00 13,50 118.4 0,49 2,477 1.098%
40 DS RN 285-B PHL VENT FAX 15.00 20,00 §18.4 0,45 2.2427 1.09A%
38 PIPE CHASE ELR FaM 28-B .00 400 252 O0.F 10.5389  5.99M
St AFWPLBA JFR PfP SP CLR FAH B-B 15.00 19,00 133.7 (.49 E.9897 0.9749
88 FEN RM EL 532 (LR FaN 2B-8 3,00 4,307 26,7 0.62 9.9506 6.1R94
20 PEH R EL 713 CLR FAN 2B-B 300 430 26,7 0.62 9.9008 B MEM4
SE PEN RM EL 737 4R FAN 28-B 300 4,00 4.6 0,66 10.7960 7.1361
128 E6 TATHT SYS B~} RN CLR FAR 3,00 4,510 27.0 0.53 9,833 5.2(33
3D AUI BLDE BAS TRTXT 5¥5 FAM B-E 50,00 B2.00 3040 0.7 0.878 0.1212
128 CCS #X ¢ DISCH Wiy TO HOR B 0.67 1.6 T.6 0.60 351298 21.8779
Sk DE 28-3 AIR CPRSR 500 7.25 443 0.62 549501 3.7002
25 U6 2B-B R¥ EX FAK 2-B 5,00 19.50 1i9.4 0.4% 22427 1,098%
SC RCP DIL CLR SUP CHTHT IGOL VLY 017 0.6 3.5 0.60 75.8003 45,5262
90 ECP DIL CLR SUP CHTNT ISOL VAV 6,42 oO.60 3.5 0.60 79.8803 45.5282

HOTER
jin

CABLE
KD,

0. 1216 2PL47410
2PL4I43R

4.6026 ML

80,1344 PLZi80B
10,4188 PL22SS
19550 PL2674E
1.9530 PLI4SER
7.880% M|
17344 2PL3E61D
7.8072 2031418
1.8072 2PL3LB
2.1012 2131018
8.3412 2PL3201B
0.81t6 2PLI7R0R
20.1038 2027918
4.6826 PLZZ0
1,930 PL26638
§0,7043  {YB0CR
V301
V{5t
WEL7A

66,7043

CARLE CARLE CABLE

SIE

3-1¢ 1500
316 2500
130 412
1430 912
1-3¢ n2
1-¢ 48
3 12
1-3¢ 1o
1-3C 18
1-3C 419
1-30 H10
1-3C #10
1-3C 310
-3 02
13 #2
13t H2
B3 19
-3 N0
1-3€ 110
i3 4172
1-3¢ 417

675
673
f2z
162

2
120
i
468
250
454
A3
HY
357
350
2
i15
114
408

kit
425
15

LENGTH R

00304
00314
L.1300
2.1300
2.1500
06,8430
03450
1.5500
0. 8430
1.3300
1,3560
1.3500
1.3508
8.21H
2,150
.1300
0.6490
1.3300
1.3500
2.1500
21300

CABLE
1

0.054¢
0.0540
k0763
0.0765
0.0765
G.0T0F
0.070%
0.6705
0.0705
0.0105
0.0708
0.070F
0.6703
0.061%
00765
0.0763
0.0703
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Required Motor Starting Voltage
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Attachment 3
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Required Motor Starting Voltage
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Attachment 3

Required Motor Starting Voltage
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Attachment 3

ATTACHMENT 11.4,

Required Motor Starting Voltage
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Calculation No.:
WBNEEBEDQ1993010001 :
Mechanical Degraded Voltage Time Requirements for GL 89-10 MOVs

Calc STUDY-EEB-WBN-12-001
Attachment 4

ATTACHMENT 141.9  Required Voltage 89-10 MOV's - Unit 1Page 1 of 9
JOG Review Plan Page 1 oft!

< &
% c 3
go | 2 S
=] gsg 3 o
] o8 Lo £
= I~ o Z - & 'S
= Bl av g o8 g i
g R o Z0 § Comments {also, see Notes Section)
88 OtoC |C=388.3
0-FCV-067-0144 B SS Cto QO |O=388.3] Steady State Voliage - -
o Cto O O =395.1
0-FCV-0B7-0152 B S8 OtoC |C=414 Need Best avail Voltage at t=0 sec from S|
S5 OtoC |C=429.9
0-FCV-067-0205 A 58 Cto O |O=429.9| Steady State Voltage
88 OtoC |C=428.9
O-FCVY-067-0208 B 58 Cto O |O=428.9| Steady State Voltage
88 OtoC |C=440.9
G-FCV-070-0194 B 5SS Cto O |O=440.9] Steady State Voltage
88 OteC |C=439.1
0-FCV-070-0197 A 88 Cto O [O=439.1{ Steady State Voltage
S5 OtoC [C=414
1-FCV-001-0015 A 88 Ctoc O |O=414 Steady Staie Voltage
S8 OtoC |[C=414
1-FCV-001-0016 A S8 CtoO |O=414 Steady State Voltage
53] OtoC |C=408.1
1-FOV-001-0017 Al Ss CtoO |O=408.1] Steady State Voltage
58 OtoC |C=413.3
1-FCV-001-0018 8 S8 CtoQ |0 =413.3| Steady State Voltage
0 Cto© |0O=90.4%
1-FCV-001-0051 8 85 OtoC |C=90.49] 125V DC Motor, Need Best Avail Voltage at T=0 sec from Sl
0 QtoC |C=322
4 OtoC |C=2389.5| Need 70% Voltage at t=0 sec, Need Best Avail Voltage at t=4 sec forward from St (normally
1-FCV-003-0033 A 58 CtoO [O=414 open MOV). Need 55 valtage for non-safety related opening stroke.
Motar Brake )
{(1-FCV-003-0033) | A 0 energize 368 Needs 80% of 460 voltage @ T=0
0 QtoC [C =322
4 OtoC |C=381.5] Need70% Voltage at t=0 sec, Need Best Avall Voltage at i=4 sec forward from S| {normally
1-FCV-003-0047 B S8 CtoO |[0=414 open MOV). Need S5 voltage for non-safety related opening stroke.
Motor Brake
(1-FCV-003-0047) | B 0 energize 368 Needs 80% of 480 voltage @ T=0
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Attachment 4

Required Voitage 89-10 MOV's - Unit 1Page 2 of &
Page 2 of 11

ATTACHMENT 11.9
JOG Review Plan

S &
o c g
INE S
ja - @ n =
& £2sl &8 g
> sjeT&E < =
] 1l 8w gs &
g cElesd - S & Comments (also, see Notes Section)
0 OtoC [C=322
4 Q10 C |C=377.0| Need 70% Voitage at t=0 sec, Need Best Avait Voltage at t=4 sec forward from S1 (normally
{1-FCv-003-0087 A S8 Cto O |O=403.0] openMOV). Need S8 voltage for non-safety related opening stroke.
Motor Brake
{1-FCV-003-0087) | A 1] eng[gize 3638 Needs 80% of 460 voltage @ T=0
0 OtoC |C=322
4 OtoC [C=381.5] Need70% Voitage at t=0 sec, Need Best Avail Voltage at t=4 sec forward from S1 (nermally
1-FCV-003-0100 B 58 Cto 0 |0O=414 open MOV). Need SS voltage for non-safety related opening stroke.
Motor Brake
{(1-FCV-003-0100) | B 0 energize 368 Needs 80% of 460 voltage @ T=0
S5 Cto O |O=383.6
1-FCV-003-0116A A S8 OtoC |C=383.6]| Steady State Voltage
SS CtoO |O=2383.6
1-FCV-003-01168 | A S8 OtoC |C = 383.6] Steady State Voltage
88 Cto G |O=381.9
1-FCV-003-0126A | B 88 Oto C |C =381.9| Steady State Voltage
88 CtoO |O=2382
1-FCV-003-0126B B 88 OtoC |C=382 Steady State Voltage
8S Cto 0O |0 =2386.3
1-FCV-003-0136A | A} SS OtoC [C=386.3] Steady State Voltage
88 Cto O |O=2386.3
1-Fcvoo3013se | A 88 OtoC |C=2386.3| Steady State Vaitage
S8 CtoO jO=23845
1-FCV-003-0170A | B 3 OtoC |C =384.5| Steady State Voltage
S8 CtoO |O=384,5
1-FOV-003-0173B | B ss OtoC [C=2384.5| sSteady Siate Voltage
0 OtoC |C=322
§ OtoC |C=403.5| need70% Voltage at t=0 sec, Need Best Avail Voltage at t=5 sec forward from St (Normally
1-FCV-026-0240 A S8 Cto O |0O=427.2] open MOV).
0 OtoC |C =322
: 5 OtoC |C=409.7 | Need 70% Voltage at t=0 sec, Need Best Avail Voltage at t=5 sec forward from SI (Normally
1-FCV-026-0243 al ss Cto QO [O=422.4| openMOV).
0 OtoC |C=322
5 OtoC |C=386.6] Need70% Voltage at t=0 sec Need Best Avail Voitage at t=5 sec forward from St (Normally
1-FCV-062-0061 B 55 Cto O |O=2393.7] openMOV).
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Attachment 4
Required Voltage 89-10 MOV's - Unjt 1

ATTACHMENT 11.9 Page 3 off3ge 3 of 9

JOG Review Plan

< &
b c ]
Ev , | £ 3
[~ Ese) B 3
] —e b a & 2
2 El1 g2 > E S
2 E|lewg| ©F g ;
> ElEgal =6 & Gomments {also, see Notes Section)
0 OtoC [C=322 .
5 Oto C fC=381.1( mneed 70% Voltage at t=0 sec, Need Best Avail Voltage at t=5 se¢ forward from S| (Normally
1-FCV-062-0063 Al S8 Cto0O [0=409.2] openMOW).
0 OtoC |C=322
5 OtoC |C=414 Meed 70% Voltage at t=0 sec, Need Best Avall Voltage at t=5 sec forward from SI (Normally
1-FCV-0G2-0080 A S8 CtoO |O=414 open MOV). : )
0 OtoC |C=322
5 OtoC [C=414 Need 70% Voltage at t=0 sec, Need Best Avall Votlage at t=5 sac forward from SI (Normally
1-FCV-062-0081 B] S8 CtoO |O=414 open MOV).
ss | ctoo |o=4075
1-FCV-062-0138 B S8 QtoC |C=407.5] Steady State Voltage
SS OteC |C=413.5
1-FCV-053-0001 &) SS CtoQ |0=413.5] Steady Stle Voltege
88 OtoC JC=4005
1-FCvos3-po0z | A] SS Cto O |0=400.5] Steady Siate Voltage
58 OtoC |C=390
1-Fev063-0004 | B| SS Cto O |O=3%0 Steady State Voltage
38 OtoC |C=3995
1-FOV-063-0005 Bl SS CtoQ |O=399.5] Steady State Voltage
85 CtoO |O=4011
1-fovoezoo08 | B| S8 OtoC |[C=401.1| Steady Siate Voltage
L] Ct00 jO=4035
1-Fovoe3opon7 Al S8 OtoC |C=403,5] Steady State Voltage
38 Cto O |0=42938
1-FCV-D63-0008 A S8 OtoC |C=429.8] Steady State Voliage
88 Cto O [O=415.7
1-FCV-063-0011 B 88 OtoC |C=415.7| Steady State Voltage
$8 OtoC |C=401.4
1-FCV-063-0022 B 88 Cto QO |O=401.4| Steady State Voltage
e CtoO [O=3618} Need Bestaval Voltage at t=0 sec from St for opening stroke, need steady state for closing
1-FCV-063-0025 Bl 88 Ot C |[C=414 stioke.
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Page 4 of 11

< 3
ad ]
v = =
ga | £ S
a g58l 2, 3
w —_2 O o o I
3 sl 8.2 > £ |
= El 2w 8 oz g :
> = =) =0 [ Comments (als0, see Notes Section)
0 CtoO |0=343.4 Temporary minimum regquirment in support of DCN 52837 Stage 2. Need Best avail
1.FCV-063-0026 A S8 OtoC IC =414 Voltage at t=0 sec from Sl for opening stroke, need steady state for closing stroke.
0 CtoO |O=370 Long term minimum requirment in support of DCN 52837 Stage 3. Need Best avail
55 Qo C |C=414 Valtage at t=0 sec from S for opening stroke, need steady state for closing siroke.
S8 OtoC [C=403
1-FCV-063-0047 A S8 Cto O [O=403 Steady State Voltage
88 OtoC [C=418.8
1-FCV-063-0048 B S8 Cto O |O=418.8] Steady State Voltage
5SS Cto O |O=404.3
1-FCV-083-0072 A 88 OtoC [C=404.3] Steady State Voltage
S8 CtoO |O=408.7
1-FCV-063-0073 B 88 OtoC |C=408.7} Steady State Voltage
88 CtoO |O=419.6
1-Fov-063-0003 | A|] S8 OtoC [C=419.6| Steady Stale Voltage
S8 CtoO [{O=418.2
1-FCV-063-0094 B 388 OtoC [C=418.2] Steady State Voltage
8s OtoC (C=405.8
1-FCV-083-0152 A S8 Cto O |C=405.8] Steady State Voltage
58 OtoC [|C=405.8
1-FCV-063-0153 B SS Cto O {0 =405.8] Steady State Voltage
88 CtoO |O=4127
1-FCV-0630156 | A S8 CtoC |C=412,7| Steady State Voltage
88 CtoO [O=414
1-FCV-063-0157 B 88 OtoC |C=414 Steady State Voltage
§s Cto O O =386.7
1-FCV-083-0172 B 58 OtoC JC =1396.7| Steady State Voitage
88 OtoC |C=390.7
1-FGV-063-0175 sl 88 Cto O [Q=2390.7| Steady State Voltage
0 OtoC |C=322
S OtoC |C=395.1 Need 70% Voltage at t=0 sec, Need Best Avail Voltage at t=5 sec forward from S (Normally
1-FCV-067-0083 B 55 Cto O JO=404.3]| openMOV).
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s 5
5 o e g
R ES, | 2 s
e ﬁ k]
g =22l &3 B
= = [X} ‘-“ = - =
2 glad2| 282 g i
> ElEdw =t [ Comments {also, see Notes Section)
i} OtoC |[C=322
5 OtoC {C=39241 Noed70% Voltage at t=0 sec, Need Best Avail Voltage at t=5 sec forward from SI (Normally
1-FCV-067-0087 A S8 Cto O |O=2399.6] openMOV). .
g OtoC |C =322
5 OtoC |C=392.2| Need 70% Voltage at t=0 sec, Need Best Avail Voltage al t=5 sec forward from Si (Normally
1-FCV-087-0088 B{ &8 Cto O |O=401.3| open MOV).
0 OtoC |C=322
5 OtoT |[C=386.7| Need70% Voltage at t=0 sec, Need Best Avail Voltage at i=5 sec forward from SI {Normally
1.Fovoe7ooe | A] sS8 CtoQ |O=2393.6] openMoOV).
0 OtoC |C =322
5 OtoC |C=2392.4 Need 70% Voltage at t=0 sec, Need Best Avail Voltage at t=5 sec forward from S| (Normaily
1-FCV-067-0091 B] 88 CtoO |O=401.5] openMOV).
0 QtoC |[C=322
& OtoC [C=2391.6] Need 70% Voitage at t=0 sec, Need Best Avail Voltage at t=5 sec forward from S1 (Normally
1-FCV-087-0005 A S5 Cto O |O=2398.5] openMOV).
)] OtoC |C =322
§ OtoC |C=392.8| need70% Voltage at t=0 sec, Need Best Avail Voltage at =5 sec forward from 31 (Normally
1-FCV-067-0096 B 88 Cto O |O=401.9 openMOV).
0 OtoC |[C =322
5 OtoC |C=3859| peed70% Voltage at t=0 sec, Need Best Avail Voltage at t=5 sec forward from S| (Normally
1-FCV-067-0007 A 85 CtoO |0 =393 open MOV).
] QCtoC |{C=322
5 OtoC JC=393.9| weed 70% Voltage at t=0 sec, Need Best Avail Voltage at £=5 sec forward from SI (Normally
1-FCV-057-0099 A S5 Cto O |O=401.2] openMOV).
0 OtfoC |C=322
5 Oto C (C =383 Need 70% Voltage at t=0 sec, Need Best Avail Voltage at =5 sec forward from S| (Normally
1-FCV-067-0103 B S8 Cto O |0 =397 open MOV).
0 OtoC |C =322
5 OtoC |C=394.3 Need 70% Voltage at t=0 sec, Need Best Avail Voltage at t=5 sec forward from SI (Normally
1-FCV-067-0104 A 885 Cto O |0 =401.6]| openMOV).
1] OtoC |C =322
5 OtoC |C=383.1 Need 70% Voltage at t=0 sec, Need Best Avail Voltage af t=5 sec forward from Si (Normally
1-FCV-067-0105 B S8 Cto QO |O=1392 open MOV},
0 OtoC |C=322
5 OtoC |C=395.2] Need 70% Voltage at t=0 sec, Need Best Avail Voltage at £=5 sec forward from SI (Normally
1-FCV-067-0107 A 1 Cto O 10 =402.7| openMOV),




Calculation No.:
WENEEBEDQ1999010001
Mechanical Degraded Voltage Time Requirements for GL 89-10 MOVs

Cale STUDY-EEB-WBN-12-001
Attachment 4
ATTACHMENT 11.9 Required Voitage §9-10 MOV's - Unit 1 Page 6 cf 9

JOG Review Plan Page 6 of 11

= a
S i £
= gou 8 o
] —~23| 2§ £
= IS [ =3 =
= | 8wy | BE g :
= = =0 4 Comments {also, see Notes Section)
0 OtoC |C=322
5 OtoC |C=3894 Need 70% Voltage at t=0 sec, Need Best Avail Voltage at t=5 sec forward from Sk (Normally
1-FCV-087-0111 B 88 Cto O |O=2398.5| openMOv). :
0 OtoC |C=322
5 OtoC |C=3957| Need70% Voltage at t=0 sec, Need Best Avail Valtage at t=5 sec forward from SI (Normaliy
1-FCV-067-0112 A 88 Cto O |0 =403.1] openMOV).
0 OtoC jC=322
5 OtoC |C=384.3| Neea70% Voltage at =0 sec, Need Best Avail Voltage at 1=5 sec forward from SI (Normaly
1-FCV-067-0113 B|] 88 Cto O [0 =393.2] openMOV).
53 Ctoc O O =4363
1-FCV-067-0123 B 88 Oto G |C =436.3 | Steady State Voltage
88 Cto O O =433.0
1-FCV-067-0124 B S8 OtoC [C=433.0| Steady State Voltage
S8 Cto O |O=438.2
1-FCV-067-0125 A 88 OtoC |C=438.2 Steady State Voltage
S8 Cto O |O=4353
1-FCV-067-0126 A S8 QOtoC |C=435.3| Steady State Voltage
S5 CtoO |O=3884
1-FCV-067-0143 Al sS OtoC |C=388.4| Steady State Voltage
S8 CtoQ |O=431
1-FCV-067-0146 A S5 OtoC |C=431 Steady State Voltage
8s CiocQ |O=1399.9
1-FCV-068-0332 B S5 Otol |C=399.9] 5Steady State Voltage
88 CicO |O=412
{-FCV-068-0333 A 88 OtoC |[C=412 Steady State Voltage
0 Ot C |C=322
5 OtoC |C=3%H Need 70% Voltage at t=0 sec, Need Best Avail Voltage at t=5 sec forward from SI {Normally
1-FCV-070-0087 B SS Cto 0O |O=483.6] openMOV).
0 Ot C |C=322
5 OtoC |C=3910| Need70% Voltage at t=0 sec, Need Best Avail Voltage at t=5 sec forward from Sl (Normally
1-FCV-070-0088 B S8 Cto O |[O=426.4] open MOV}
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Calculation No.: ATTACHMENT 11.2
WBNEEBEDQ 1839010001 JOG Review Plan
Mechanical Degraded Voltage Time Requiraments Tor GL 89-10 MOVs
.08 | ¢
[%]
% S| &8 2
2 s 185 > E =1
g Le & & Comments {250, see Notes Saction}
2
D CtoC {C=322
_ 5 OtoC |C=398.5] wneed70% Voltage at =0 ser, Nead Best Avall Voltage at t=5 sec forward from S1 (Normally open
1-FOV-070-0090 A 88 CtoD |0=405.8] mOv).
0 OtoC |C=322
§ {O0tC |C=400.8] peed7o% Voltage at =0 sec, Need Best Avall Voltage at t=5 sec forward from Sl (Nermally open
1-£GV-070-0082 A SS CtoO |0=428,0} mov).
b OtC [C=322
5 CtoC {C=3934 ] pesd7om Voltage at t=0 seq, Need Best Avail Voltage at 1=5 sec forward from S| {Normally open
1-FCV-070-0100 A 58 Cto0 |0=416.6] MOW).
o QtoC [C=322
12 OtoC |C=414 Need 70% Voltage at t=0 set, Need best Avail Voltage at t=12 seq forward from S (Normally Open
1-FCV-070-0133 A 88 | CtoO [0=414 MOV)
1] OtoC [C=322
12 | OtoC |C=414 | need70% Voltage st =0 sas, Need best Avail Voltage at t=12 sec forward from S1 (Normally Qpen
1-FCV-070-0134 =) 58 CtoQ |O=414 MOV
1] DtoC |C =322
§ | OtoC |C=39%.9] Need70% Voiage at t=0 sec, Need Best Avail Voltage a =5 sec forward from 81 (Normatly open
1-FCV-070-0140 B 8§ | CtoO |[O=4274] MOV
0 QtoC [C=322
5 OtoC |C=398.5] need 70% vaoltage at 1=0 sec, Nead Best Avail Voltage 2 =5 sec forward from St (Normally open
IFCV0700143 f A ] S§ | CtoC |O=4267] MOV
8S CtoO {0=391.0) steacy State Voltage; Active safety function is to operate fiom closefthrottle position to open
3-FCV-070-0153 B 88 OtoC [C=391.0] position
85 CtoD |O=434.8
1-FCV-070-0458 A 88 OtoC |C=434.8] Steady Stats Voltage
88 OtoC |C=395.1
1-FCV-070-0183 A g8 Cto0O |O=385.1] SteadyState Voltage
88 QtoC |C=395.4
1-FCV-070-0218 A 88 CtoD |O=23954] steadyState Voltage
5 CtoQ jO=412.7
1-FGV-072-0002 B 58 OtoC C= 415 Time Delay added per OGN 52834, need best avail Voltage at t=5 sec from Si
10 CtoO {0=414 Neeg Best Avall Voitage at t= 10 sec from SI (MOV will not get a signal ta cpen untll after time
1-FCV-072-0013 8 gs QtoC {C =414 delay per DCN 52834)
88 OtoC IC=4022
1-FCV-072-0021 B 55 CtoD |O=402.2} Steady Siale Voltage

This Page Revised and Replaced by R73
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D » c =
a ga, | 2 2
b= [
m =cs| €3 £
3 E{ 8= » 5 E
I i1 aw g 02 g .
> E|l =<0 =0 4 Comments (also, see Notes Section)
88 OtoC |C=400.2
1-FCV-072-0022 A 8§ Cto O |0=400.2] Steady State Voltage
10 Cto O |[O=414 Need Best Avail Voltage at t= 10 sec from S1 (MOV will not get a signal to open until after time
1-FCV-072-0034 A 88 OtoC [C=414 defay per DCN 52834)
5 CtoO |O=4113
1-FCV-072-0038 A S8 OtoC |C=415 Time Delay added per DCN 52834, need best avail Voltage at t=5 sec from Sl
S8 Cto O |O=4057
1-FCV-072-0040 A 38 OtoC |C=405.7] Steady State Voitage
35 Ctc O |O=396
1-FCV-072-0041 B 85 OtoC |C =396 Steady State Voltage
S5 CtoO |JO=414
1-FCV-072-0044 A 88 OtoC |C=414 Steady State Voltage
8S Cto0 jO=414
1-FCV-072-0045 B SS OtoC [C=414 Steady State Voltage
SS OtoC |O=414
1-FCV-074-0001 A SS Cio O |C =414 Steady State Valtage
88 CtoO |O=414
1-FCV-074-0002 B S5 OtoC |C=414 Steady State Voltage
SS OtoC |C=424.2
1-FCV-074-0003 A S8 CioO {0 =424.2| Steady State Voltage
88 OtoC jC=414
1-FCV-074-0008 A S8 CtoO |O=414 Steady State Valtage
S8 OtoC |{C=4194
1-FCV-074-0009 B 58 Cto O |©0=419.4] Steady State Voliage
0 CtoQ |O=3454
1-FCV-074-00%2 A 55 OtoC |C=393.7 i Need Bestavail Voitage at t=0 sec from St (OPEN); and 85 (CLOSED)
S8 OtoC |[C=422.3
1-FCV-074-0021 B 88 C100 |O=422.3] Steady State Voitage
0 CtoO |0=347.2
1-FCV-074-0024 B 8S OtoC |C=383.8] NeedBestavail Voitage at t=0 sec from S| (OPEN); and 5S (CLOSED)
88 OtoC |C=39%46
1-FCV-074-0033 A SS Ct0 0 |O=394.6] Steady State Voltage
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ATTACHMENT 11.8 Page 8 of 9
WEBNEEBEDQ 1998010004 JOG Review Plan

Mechanical Degraded Voltage Time Requirements for GL. 88-10 MOVs

[VALVEID

frrain

V Positon
nge

]Sea Notes
%ﬂ
L.gqunred Voltage

T{sec) from SI: 0,
4, 5, 10 or 85

Comments (also, see Notes Section)

1-FOV-074-0035

(o]
e
(2]
O
]

€
)
&

Cio O jO=383 Steady State Volzge

1-LCV-620132

OtoC |C =322

OtoC [IC=394.3] poed70% Voltage at t=0 sec, Need Best Avail Voltage at =5 sec forward from Sll {Normzlly open
Cto O j0=414 MQOV).

1.1 CV-062-0133

OtoC |C=2322

OtoC [C=401.6| weed 70% voltage at t=0 sec, Need Best Avail Valtage at =6 sec forward from S1 (Normally open
Ctoo jo=414 | wov

2w o v o|B A

1-LCV-062-0135

0 CtoO Q=353
S8 Q1o C {C =408.3]| Nezd Best avail Voltage at t=0 sac from 8|

1-LOV-062138

0 CtoQ |O=343
S8 OteC |C =383.3] Nesd Bestavall Voltage at t=0 seg from 51

Notes:

1) The maximum reruired voitage for any GL 88-10 MOV Is equal to or above 50% of 460 v (414 v}

Guidanee given in Design Standard DS-M18.2,21 siates that for voltages 90% or greater the voltage

factor Is 1.0 (i.e. no degradation is required at 50% or above). Therefora, there will be no impact to

any Mechanical MOV calculations as long as S0% of 460 v (414 v) Is met.

2) Required vollage for MOVs at T=0, T =4, T=8 or T = 10 sec Is the minimum available voitage from

the fime specified to any time forward during the SI. Exarnple: if a 4 sec voltage was requested and

voltage dropped at § sec, then the lower 5 sec voltage sheuld be used to bound degraded voltage.

3) For MOVs that are open and go ¢losed upen receiving an Sl signal the required voltage at T = 0 Is only

70% of 480 v (322 v) until the valve becomes loaded. MOVATSs differential pressure test traces

wera reviewed and conservative bounding times were determined for when the MOV becomes loaded,

A 70% starting voltage is based on guidance provided in Limitargue Techrical Update 98-01

in Vendor Manual WBN-VTD-L200-0460,

The voltages listed in this Attachment must be met or sxcesded,

Y4 z
/'i A

R73

i ] /] s s
paréd By: Willlam F, Cetia Bate: JOfO [T Reviewed BF V. Mills Date: £ 72/
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Cale STUDY-EEB-WBN-12-001

Attachment 4

Required Voltage 89-10 MOV's - Unit 1

1A BOARDS
Available New New
Voltage Design Design
{New
Analysis}
Time from Sl
Signal Margin
ETAP Value {SS = steady | Margin {(using| {using new
Node ID MOV from S3 state) new Voltages)] Voltages) Comments*
{open} {closed)
RHR Sys Istn Vv
235-5B |1-FCV-74-1-A {2.6HP) 90,74* S8 13.30% 18.80%] Acceptable Margin
RCS Press Relief FCV
235-60 |1-FCV-68-333-A {1.9HP) 85.20* 88 19.50% 15.80% | Acceptahle Margin
RHR Hx A To CVCS Chrar Pmp
235-11B |1-FCV-63-8-A {L.9HP) 87.48 S8 13.20% 124.60%|Acceptable Margin
SIS Prmp 1A-A Inlet Vv
235-12A |1-FCV-63-47-A (1.9HP) 88.18* SS 19.60% 16.10%| Acceptable Margin
SIS To RCS Loops 2&3 FCV
235-12D |1-FCY-63-83-A (1.6 HP) 88.65 35 18.60% 140,30%| Acceptable Margin
SIS Pmp 1A-A Outlet FCV
235-12F |1-FCV-63-152-A (1.9HP) 88.48* 88 29.50% 39.40%|Acceptable Margin
SIS Pmp Out RCS Lp 183 Hot Leg
235-13A |1-FCV-63-156-A (1.9HP) 89.28* S8 15.40% 15.90%|Acceptable Margin
Cntmt Sump Te Spray Hdr 1A FCV
235-13B |1-FCV-72-44-A (3.2HP) 90.33* 88 35.50% 105.93%|Acceptable Margin
RHR 5pray Hdr 1A Isin Vv
235-14A |1-FCY-72-40-A (1.9HP) 87.66 8s 75.20% 121.90%|Acceptable Margin
RHR Hx 1A Bypass Vv
235-14E |1-FCV-74-33-A (2HP) 85.27 SS 79.30% 45,10%|Acceptable Margin
Up Cntmt Clr 1A Disc Iso Vv
236-90 |1-FCV-67-295 (0.13HP} 81.98 Not 89-10 28.96% 28.96%|Acceptable Margin
AFWP Turb Stm Sup Fm $tm Gen 1
236-2D | 1-FCV-1-15-A (1HP) 92.47* 53 14.50% 35.40%|Acceptable Margin
Cntmt Spray Hx 1A Sup Cont Viv
236-5E |1-FCV-67-125-A (0.33HP) 92.51* S8 24.40% 24.40%| Acceptable Margin
Cntmt Spray Hx 1A Disch Vv
236-5F |1-FCV-67-126-A (0.33HP) 92.19% 85 24.40% 24.40%| Acceptable Margin
AFWP Turb 5t Sply Frm 5t gen 4
236-6A [1-FCV-1-16-A (1HP) 92.52% S8 14.50% 35.40%|Acceptable Margin
RHR Sys Isln Bypass Viv
236-6D |[1-FCV-74-8-A (1.6HP) 90.99* S8 17.50% 42.40%|Acceptable Margin
Cmpnt Clg Hx A Disch Cont Viv
236-11A [1-FCV-67-146-A (0.3HP} 87.97 3838 13.50% 13.50%|Acceptable Margin
SFPLCS Hx Sply Hdr IsIn Vv
236-17B |0-FCV-70-197-A {0.3HP} 89.63 S8 28.10% 28.10%|Acceptable Margin
SIS Pmp Inlet To CVCS Chrg Pmp
235-11A [1-FCV-63-7-A (1.9HP) 88.21* SS 9.40% 105.40%) Acceptable Margin
Cntmt Sump To RHR Pmp A-A
235-12B [1-FCV-63-72-A (13HP) 85.00 55 21.50% 1781.80%|Acceptable Margin
|SS&Con AirCpsr Sup Hdr A lso V
23p6-12B 0-FCV-67-205-A (0.33.9HP) 86.86 S8 78.40% 78.40%| Acceptahle Margin
RHR Hx A-A Outlet Viv
236-16E |1-FCV-70-156-A (0.33.9HP) 87.86 SS 24.40% 24.40%|Acceptable Margin
RHR PMP 1A-A INLET FCV
203-7D |1-FCV-74-3-A (5.2HP) 90.31 55 125.80% 2250.80%|Acceptable Margin
RWST TO SPRAY HDR 1A FCV
203-7E |1-FCV-72-22-A {3.2HP) 85.27 SS 273.70% 266.60%|Acceptable Margin

* Calculated voltage considering Hammer Blow feature {using 50% LRC during unseating)

**Calculated voltages based on the new analysis have been reviewed and are considered acceptable based on the available margin

This page revised and replaced by R2
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Attachment 4

Required Voltage 89-10 MOV's - Unit 1

Page 11 of 11

R2

1B BOARDS
Available New New
Voltage Design Design
{New
Analysis)
Time from S| Margin (using
ETAP Value Signal (SS = new Margin (using
Node 1D MOV from SS |steady state}] Voltages) |new Voltages) Comments **
{open) (closed)
RHR PMP 1B-B INLET FCV
205-7D [1-FCV-74-21-B (5.2HP) 91.00 S5 107.10% 1705.70%|Acceptable Margin
RCS Press Relief Flow Cont VIv
237-5E |1-FCV-68-332-B {1.9HP) 83.06* 55 >21.7% >13.5%|Acceptable Margin
RHR To RCS H.l.. 1&3 Flow Iso V
237-9B |[1-FCV-63-172-B (2,6HP) 85.99 SS 59.20% 87.40%|Acceptable Margin
RHR Hx B To SIS Pmp
237-11B |1-FCV-63-11-B {2HP) 85.71 S5 8.90% 124,60%|Acceptable Margin
SIS Pmp 1B-8 Outlet FCV
237-13A {1-FCV-3-153-B (1.9HP) 88,75% 5SS 19.90% 30.10%|Acceptable Margin
SIS PMP OUT RCS LP 2& 4 H. LEG
237-13B [1-FCV-63-157-B (1L.9HP} 91.36* SS 11.10% 11.50%|Acceptable Margin
SIS 1B-B Dsh To RWST Shtff Viv
237-13D |1-FCV-63-175-B (0.7HP} 84.70 55 977.40% 77.10%|Acceptable Margin
RHR Spray Hdr 1B Isln Vv
237-14D |1-FCV-72-41-B (1.9HP) 85.82 S 66.90% 111.40%|Acceptable Margin
Cntmt Sump To Spray Hdr 1B FCV
237-14E |1-FCV-72-45-B (3.2HP) 89.68* 55 3.30% 57.00%|Acceptable Margin
St Flow To AFWP Turb Isin VIv
238-2E }1-FCV-1-18-B {1HP) 92.50* S5 55.80% 18.20% |Acceptable Margin
Cntrt Spray Hx 1B Disch Vv
238-5F |1-FCV-67-124-B (0.33HP) 91.73* SS 24.40% 24.40%| Acceptable Margin -
Cntt Spray Hx 1B Sup Cont Vv
238-5E [1-FCV-67-123-B (0.33HP) 92.08* 58 24,40% 24.40%|Acceptable Margin
RWST TO SPRAY HDR 1B Viv
205-7E |1-FCV-72-22-B (3.3HP} 86.79 55 291.10% 283.70%|Acceptable Margin
SiS 1A-A DSH TO RWST SHTFF VLV
237-10A |1-FCV-63-4-B {0,7HP) 84.57 55 943.70% 76.10%|Acceptable Margin
RWST To SIS Pump Flow Cont Viv
237-108 [1-FCV-63-5-B {1.8HP) B88.02* 55 17.30% 38.60%|Acceptable Margin
SIS PMP INLT TO CVCS CHRG PMP 1-
237-11A |FCV-63-6-B (1.9HP) 88.21* 55 11.30% 118.70%|Acceptable Margin
515 Pmp 1B-B Inlet Vv
237-12B |1-FCV-63-48-B (1.9HP) 90.23* 5SS 39.00% 46.60%{Acceptable Margin
CNTMT SUME TO RHR PMP B-B
237-12D |1-FCV-63-73-B (13HP} 88.03 SS 17.40% 2117.00%)Acceptable Margin
Cntmt Spray Hdr 1B Isln Viv
237-144A |1-FCV-72-2-B {3.2HP) 92.86* 38 10.40% 359,00%|Acceptable Margin
ERCW Hdr B IsIn Vv
238-3A |1-FCV-3-179A-B (0.33HP) 83.46 55 22.10% 15.00%| Acceptable Margin
CCS HX B ERCW BYPASS FCV
238-17D |0-FCV-67-144-B (0.13+P} 82.00 5S 110.40% 112.00%|Acceptable Margin
RHR Hx 1B Bypass Viv
237-15D [1-FCV-74-35-B (1.9HP) 81.00 S5 64.30% 37.80%]Acceptable Margin

* Calculated voltage considering Hammer Blow feature (using 50% LRC during unseating}

**Calculated voltages hased on the new analysis have been reviewed and are considered acceptable based on the available margin.
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Attachment 5
Required Voltage 89-10 MOVs - Unit 2
AUXILIARY POWER SYSTEM ANALYSIS - WBN Unit 2 GL 80-10 Page 10f8 Page 6
WBN-EES-EDG000-999-2007-0002, I
ATTAGHMENT 115 Required Voltags Vs Time
g g g
7] - ; =
E £ Hedip g8
B & 4 8558 5 3%
i 78 2B SHT L
3 §s 33 Ssgfﬁﬁs_ﬁg%
= £ g Comments o528 | 2 S0 d
O=415 O=428.3
2-FCV-1-15 88 either | Steady State Voltage C=415 20 1C=428.3
0O=415 O=423.2
‘|2-Fev-1-18 S8 gither | Stsady Stats Voltage C=415 20 {C=428.2
O=415 0=428.3
2-FCV-1-17 - 88 O to C | Steady State Voitage C= 415 16 [C=428.3
Q= 415 O=423.3
- |2-FCv-1-18 ss OtoC | SteadyStats Voitage C=418 | 16{C=423.3
Mot O= 90V
2-FOV-1-51 0 Cio O | 125 vDC Motor, Néed Best Avall Voltage at T=0 sec from Si evaiuated | 16 |C= 80V
Need 70% Voltage at t=0 se¢, Need Beat Avall Voitage at t=d sec from Sl {8.75 sec
stroke Ume). Based on review of dP tost MOV could bacome dP loaded just before s |0~ 390.3 O= 414
2-FCV-3-33 4 QtoC | sec ; . C- 415. 6.5 0= 414
Need 70% Veollage at t=0 sec, Need Best Avail Voltage at t=4 sec fram SI (5.75 sea .
o ' stroke time}, Based on raview of dP tsst MOV could become dP [oaded |ust befora 5 0-380.3 Q=414
“{2-FCV-2-47 4 OtoC | sec. . C- 415, B.5iC=414
Need 70% Voltage at 1=0 sas, Noed Best Avall Voltage at ted sec from S1 (5.76 sec
siroke time). Based on review of dP test MOV could become dP loaded Just betore 5 O-376.8 0O=414
2-FCV3-87 4 OtoC | sec. . _ C- 415, 6.5 |C= 414
Need 70% Voltage al t=0 soc, Nesd Best Avall Voltage at =4 sec from Sl (5.75 sec ] : A
stroks time). Baged on review of dP test MOV could become dP loaded just before 5 |G- 390.3 O=414
2-FCV-3-100 4 OtoC | seo. G-415.. | 6.5[C=414
. ] lo=415 | [o=4133
2.FCV-3-116A - 88 Cto O | Steady State Voltage C=415. 10 [C=413.3
O=415 O=413.2
2-FCV-3-116B ss Cto O | Steady State Voltage C= 415. 10 [C=413.2
’ C= 408 0=4086.1
2-FCV-3-128A S8 Cto O | Steady State Voltaga C= 408 10 |C=406.1
0O=408 C= 406.1
2-FCy-3-1268 88 C1o O | $teadyStals Voitags C=408 10 |C= 406.1
O=415 D=412.2
2.FCV-3-136A S8 Cto O | steady State Voltage C=415. | 15 |C=412.2
0= 415 0=4123
2-FGV-3-136B (=23 C1o O | Stoady State Voltage C=415. 15 [C=412.3
. 0=405 0= 409
2-FCV-3-17BA S5 Cto O | Sieady Stale Voliage C= 405, 15 |C= 408
) O= 405 O= 409
2-FCV-3-1788 8s Cto O | Steady Stale Voltage C=405. | 15 |C=4098
‘ Need 70% Voltege at t=0 s5¢, Nead Best Avall Voilage at t=5 sec from SI (8.21 sac 0= 408.7 O=430.6
2-FCV-26-240 B Oto C | skakeime) C=401.3 } 20 |C=406.9
Need 70% Voltaga at t=0 sec, Noed Bast Aval Voltage at t=6 sec from SI (8.21 sec  |O0=408.7 0=426.5
2-FCV-26-243 5 QtoC | stroketima) C=401.3 { 20 |C=403
. Nead 70% Voltags at 1=0 sac, Nead Best Avall Voltage at t=5 sec from 81 (5.25 sec 0=415 O=401.2
2-FOV-62-81 5 OtoC | stokastims) C=340. 10 |C= 401.2
Need 70% Voltage at 1=0 see, Need Bast Avall Voltage at 1=5 sec from Si (5.25 sec 0=405 O= 380;5 :
2-FCv-62-63 ] Q10 C | stroke tima) : C=378.5, { 10.{C= 380.5
' Nesd 70% Voltage at t=0 s8c, Megd Best Avall Veltage at t=5 sec from Sl (8.80 sec O= 416 O= 414
2-FCV-62-90 5 OtoC | stroketime) _|C=415. 10 [C=414
Nesd 70% Voltage at t=0 sec, Mesd Best Avall Voltage al t=5 sec from SI (8.25 sec O=415 O=414
-J2-Fev-82-91 § | OtoC | siroketima) C=415. 10 [C=414

This Page Added by Rev. 20
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Required Voltage 89-10 MOVs - Unit 2
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AUXILIARY POWER SYSTEM ANALYSIS WEN Unit 2 GL 86-10 Page 2of 8 Page 7
rg‘rg&;gﬁfﬁggg°'2°°7'°°°2' Required Voltage Vs Time
- 2 XY
g gg ; ) -% §§ ‘%-.. !;_§§
|t Bl
£ g G Comments og_gj_’bh ZE
Need 70% Voltaga ai 1=0 sac, Need Bost Avail Voltage at t=5 sec from 1 {5.25 sec 0=330 0=417.8
2-LCV-62-132 5 OtoC | stokatime) C=322 10 {C=364.7
, Need 70% Voltage at =0 sac, Naed Best Avall Voltage at 15 ssc from 81 {5.25 sac O=390 O=4187
2-1.CV-62-133 5 O C | sioke time} . . C=2334 10 |C=3247
0= 401.8 O= 320.0
2-LCV-62-135 0 Gto O | NeedBestavall Voltage at1=0 sec from Sl C=408.3 | 15 |C=396.3
) 0=1376.3 D=342,9
2LOV-62-136 4] Cto 0 | Need Bestavall Voltage at t=0 sec from § C=411.3 | 15 [C=413.0
O=384 Q0=4214
2-FCV-82-188 SS Cto 0 | Steady State Voltage C= 384 6 jC=421.4
. 0=413.6 O=364.2
2-FCV-83-001 S CtoC | SteadySite Voltage C=413.5 { 60 |C=362.2
. . {0=401 O0=426.3
2-FCV-83-003 S5 D1toC | Sieady State Voltage C= 401 10 |C= 426.3
| 10=300 O=416.4
2-FCV-83-004 s8 OtoC | StsadyState Valtage C=2380 1) |C= 4184
' ‘ 0=395 O= 404.4
2-FCV-63-005 88 OtoC | siwady Siete Vaitage =365 14 [C=404.4
‘ 0=395 O= 396.7
2-FCV-63-008 S5 CtoO | Steady State Voliage C= 335 10 |C=396.7
g Q=399 O=396.5
2-FCV-83-007 88 Cto O | Steady State Vollage |C= 389 10 |C= 3985
' O= 415 -|0=4307
2-FCV-53-008 1) Cto O | Steady Stale Voltage C=415 28 |C=430.7
. 0=415 0=429.8
2-FCV-63-011 S8 CtoO | Steady State Vollags C=415 28 |C="420.8
: Q=407 O=408.6
2-FCV-68-022 1) OioC | Stoady Stata Vollage C=407 17 {C= 408.6
. 0=415 © |0=414
2-FCV-63-025 0 CtoQ | Nood Best avall Voltage at t=0 ssc from SI C=415 12 |C=414
‘ O=415 O=414
2-FCV-63-026 ] Cto O | Nead Best aval Voltage at t=0 sac from S| C=415 |12 |C=414
: 0= 400 O=385.6
2-FCV-63-047 88 Oto C [ Steady Stata Voltage C= 400, 15 |C=2385.6
. 0=415 O=408.2
2-FCV-63-048 88 OtoC | Steady State Valtaga C=415 15 |C= 408.2
Open
2-FOV-83-087 85 Of'lly Steady Stats Voltage 106 0=322
. 0 =415 0=410
2-FCV-83-072 S Cto O | Steady State Vollage C=415 | 60|C=410
, ' O=415 0 =420
2-FCV-63-073 88 Cio O | Steady State Vollage C =415 60 |C =420
Open o
{2-Fcv-63-080 S5 Olsaﬂy Steady State Vollage . |105 O =322
) O=415 - O =451.1
2-FCOV-53-003 88 either | Steady State Valtaga C=415 40 JC=451.1
) . O=415 0=4518
2-FCV-63-094 SS either | Steady State Vohage C=415 40 |C=451.8
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Attachment 5
Required Voltage 8§9-10 MOVs - Unit 2
AUXILIARY FOWER SYSTEM ANALYSIS WEN Unit 2 GL 89-10 Page 30f8 Page 8
WBN-EEB-EDQ060-999-2007-0002, )
ATTACHMENT 11 5 Regquired Voltage Vs Time
g g =
& e ' .g ..g.
0 £ |3 Beliit | Bas
B g | &9 sBelif 882
2 §5 | 33 st
g = Comments O=x F 4
Open ' O=322
2-FCV-63-098 $s Only Steady State Voltage 105
Open '
O=322
2-FCV-63-118 S8 Only Steady State Voltage 105
0= 415 O=4146
2.FCY-63-152 $8 QtoC | Steady State Voltage JC=415 15 |C=414.6
0= 415 O =4187
2-FCV-63-163 83 OfoC | Steady Stats Volage C=415 15 |C =415.7
0= 415 O0=4144
a-FCV-83-156 S5 Cto O | Steady State Voltage C=415 17 |[C=414.4
' ' O=415 0=4286
2-FCV-83-157 85 Cto O | Steady Stale Voltage C=415 17 |C = 428.6
: O=394 O=1395.2
2-FCV-53-172 88 pither | Steady State Voltage C= 304 120|C =305.2
Q= 400 O =4185
le-FCv-83-175 €S QtoC | Steady Stata Voltage 1C=400 10 |C = 419.5
K T _ 0=382.4
1-FOV-57-68 0 C 10O | Need bestvoltage at T = 0 Secs from Sl 166 |C=3624
' o , - 0=361.9
1-FOV-87-67 0 C 1o O | WNesd bestvoltage at T =0 Secs from S §6 |C = 361.9
' 0 =23608
2-FCV-67-68 0 € 10 O | WNesd best voltage at T = ¢ Secs from Sl 66 |{C = 3680.8
o _ O =363.8
2-FOV-67-67 0 C1o O | Nesd best voltage at T = ¢ Secs from S 66 |C =363.8
Naed 70% Voltage at 1=0 & bast avall at t=5 sec (Normally Open Butterfly Valve, 82.65 O=415 O =4348
2-FCV-67-83 5 010 C | secstcks ime) C= 364 66 |C =410.1
Need 70% Voltage at t=0 & best avail at =5 sec (Normally Gpen Butterlly Valve, 62,65 |O= 415 O=4315
2-FCV-67-87 8 QtoC | soc stroke time) ) C= 362 66 |C =407
R Naed 70% Voltage at t=0 & best avail at t=5 sec (Normally Open Butterlly Valve, 62.65 O=415 . |©=4225
2-FCV-67-66 5 OtoC | secsiroka thine) C= 340 68 |C =402.6
Need 76% Voltage at t=0 & best avait at t=5 sec (Normally Open Butterfly Valve, 62.65 0=415 O =322
2-FCV-67-89 5 Oto G | secstroke tine) . C= 322 66 |C =322
' _ Need 70% Vollage at t=0 & bast avail at =5 sec {Normally Open Butterlly Valve, 6265 |O= 415 O=4339
J2-FCV-67-91 5 OtoC | secstoke time) . C= 364 86 ;C = 409.3
Need 70% Valtage at t=0 & best avall at t=5 sec {Normally Open Butterfly Valve, B2.6! O=415 0=430.7
f2-FOV-87-55 5 OtoC | sacsiroks thns) - |C= 361 66 |C = 406.1
Need 70% Voltage a1 t=0 & hest avall at t=5 sec {Normally Opan Butterlly Valve, 62.65 [O=415 0:=423
2-FCV-67-98 5 Q1o C | secsiroketime) C= 341 66 |G = 4031
Need 70% Veltage at t=0 & best avall at t=5 sec {Normally Open Buttertly Valve, 62.65 O=383.0 O=g22
2-FCV-67-87 5 OtoC | secstroke time) C=3B59 |66 |C=322
: Meed 70% Voltage at t<0 & best avall at 1=5 seo (Normally Open Butterly Valve, 82,65 | 0= 415 0=4225
2.FCV-87-99 B OtoC | secstoke time) C=340 86 |C =402.6
. Nesd 70% Voltage at t=0 & best avall at =5 sec (Normally Open Buttarfly Valve, 62,65 |O=415 O=4224
2-FCV-67-103 B OtoC | secstoke tine) O= 340 66 |C =402.6
" Need 70% Voliaga at =0 & best awall at =5 sec (Normally Opan Butterfly Valve, 62.65 Q=415 1O =441,7
2-FCV-67-104 5 Q1o C [ secswoke ims) -|C=370 66 [C =416.6
Nesd 70% Voitaga at t=0 & best avail at 1=5 sec (Normally Opsn Butterfiy Valve, 62.65 |O=415 O=322
2-FOV-67-105 5 0to C | sacstroke ima) C= 2329 66 |C =322

This Page Added by Rev. 20
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AUXILIARY POWER SYSTEM ANALYSIS WEN Unit 2 GL 89-10 Page 4 of 8 Page 9
WBN-EEB-EDQ000-888-2007-0002,
ATTACHMENT 11.5 Required Voltage Vs Time
< g §
% o 2 "g
+] & ]
- |5, |3 BRclE | Bt
8 | g | Zs SHTMNY
2 85 | 3} 3sgileflBs it
: 3218 —_conmns e
Nead 70% Voltage &t t=D & best avall at t=5 sec (Normally Open Butterfly Valve, 62.65 [O=415 =424.1
2-FCV-67-107 5 Qte C | sacsiroke lime) C=342 66 |C =404.1
Need 70% Volage at =0 & best avall at 1=5 sec (Normally Open Butterlly Vaive, 62.65 (O=415 - |O0=4243
2-FOV-57-111 5 ‘Qto € | secstroks time) C=342 66 {C = 404.4 .
‘ Need 70% Voltage at t=0 & best avall at t=6 sec {Normally Gpen Buterfiy Vatve, 62,65 |O=415 O =434.8
2-FCV-67-112 ] QtoC | secstroke timg) ' - : (=364 66 |C = 410.1
Need 70% Voltage at t=0 & bast avall at t=5 sec {Normally Open Butterfly Valve, 52,65 [O=893.2 O =322
2-FCV-67-113 5 QtoC | seacstrake lime) C=388.1 | 66 {C =322
’ O=415 40 =4363
2-FCV-67-123 88 Cto O | Steady State Voltage Cz= 415 70 iC = 436.3
. ' . O= 415 O0=433
2-FCY-67-124 88 Cto O | Steady State Voltage C=415 70 |G =433
. 10=415 0=4418
2-FUV-67-125 8§8. | Cto O | Steady State Voltage C=415 70 |C=441.8
. O=415 0=4394
2-FCV-67-126 88 Cto O | SteadyStats Valtage C=415 70 {C=430.4
' ' O =322
2-FCV-87-130 [ OtoC | Needbestvoliage at T =0 Sees from 5l 66 |C=322
0=322
2-FCV-67-131 0 Oto C | Need best voliags at T = 0 Secs fram S| 66 |C =322
o |o=322
2-FCV-67-133 0 O to C | Need best voltags at T = 0 Sacs fram SI 66 1C = 322
o 0=322
2-FCV-67-134 0 Q1o C | Nead bast voltags at T = 0 Sacs from St 66 |C =322
O=322
_[2-FCv-87-188 0 OtoC | Nesdbestvoltage at T = 0 Sess from SI G6 |C=322
2.FOV-67-138 0 QtoC | Needbest voltage at T =0 Secs from Si 66 |C = 322
) 0=322
2-FOV-67-141 0 OtoC | Neadbestvoltage at T = 0 Saos from St €6 |C =322 -
. O=322
2-FOV-§7-142 0 QtoC Need best voltage at T = 0 Secs from Sl 66 |C= 322
0=415 0=418.8
2.FCV-67-143 8§ either | Steady State Voltage C=415 180{C=418.8
Q=322
2-FOV-B7-205 0 OtoC | Neod best voltage at T =6 Secs from S 66 G =322
: : 0=322
2-FCV-67-206 0 QOtoC | MNeed bestvoltage at T =0 Secs from S 66 |C =322
O=7322
2-FCV-67-297 0 OtoC { Needbestvoltage at T=0Secsfrom Si 86 |C =322
. . O=322
2-FCV-57-208 0 - OtoC | Need best voltage at T =0 Secs from Sl 66 |C =322
: O=415 0=435.9
2-FCV-87-148 1] either | Steady State Voltage C=415 60 [C=435.8
- {O= 407 - [0=408.8
2.FCV-68-332 88 gither | Steady State Voliage C= 407 20 |C= 4088
O=415 0=418.7
2-FCV-68-323 8S either | Steady Stats Voltage C=415 20 [C=418.7
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Required Voltage 89-10 MOVs - Unit 2
AUXILIARY POWER SYSTEM ANALYSIS WBN Unit 2 GL 89-10 Page 5of8 Page 10
WBN-EEB-EDQ00-090-2007-00062,
ATTACHMENT 115 Required Voltage Vs Time
7 ; ;
£ é 2o 8|g %02
Q B g BEg 2|3 b 3 g
m =8 | &% 258leq|aS5E
= § pid - E 3 =z 2 E B g
g 85 83 -3 -x
= By | =6 Comments [=] 5 z& g g
Nead 70% Voltage at t=0'sec, Nead Bast Avall Voltags at t=5 sa¢ from SI (24.04 sec O=403.6 O=44186
2-FCV-70-087 & QOtoC | stroke time) ) C=396.2 | 66 {C=4208
Nead 70% Voltage at t=0 & best avall at t=5 sec {Normally Open Bunar!ly Valve, 6285 |C= 400 O= 406
2-FCV-70-089 5 OtoC | sec siroke time} C= 348 66 [C= 386.9
Nead 70% Voltage at t=0 suc, Nesd Best Avall Valtage at =6 sec from S (24.04se0  |O= 415 O= 4361
2-FCV-70-080 & OtoC | stroke time) C= 365 66 1C=411.3
. Nead 70% Voitage at t=0 & best aval at t=5 sec {Normally Open Butterfly Valve, 82.65 O= 415 O=448.2
2-FCV-70-092 5 Qo C | secsioke time) C=2376 86 |C= 423.7
. Nezd 70% Vaitage at t=0 & best avall at t=5 sec (Normally Onen Butterlly Valve, 62.65 0=2392.5 O=442.7
2.FCV-70-100 5 0D1t0C | secshoketima) C=385.4 | 66 |C=417.5
: Nesd 70% Voltags at t=0 sec, Nead Best Avail Voltage at t=5 sec from 8! (18.88ac  |O=395.5 0=424.5
2-FCV-70-133 5 Qo C | stroke tims) C=415 66 |C= 400.4
Need 70% Voliage at t=0 sec, Need Best Avall Voltage at t=5 sec from S) (16.8 sac 0=415 O=4108
2-FCV-70-134 5 QtoC [ stoketims} C=415 88 [C=400.1
Nead 70% Voltage at t=0 & best avall at t=5 sec (Normally Opan Butterfly Valve, 82,85 O=415 O=422.8
|2-Fov-ro-150 -] QtoC | seosiroks time) C= 327 66 [C=402.7
. Need 70% Voltage at 1=0 & best avall at t=5 sec (Normally Closad Buttarfly Valva, wilt O=415 O=432.7
2-FCV-70-143 6 OtaC | clsaif openst, 82.65 sec stroke time. No opening accidant taquiremesnt) C= 383 €6 [C=408.1
. O=418.76
1-FCV-70-153 §8 Cto O | Steady State Voltage 80 [C=416.76
O= 434.2
2-FCV-70-153 88 CtoQ | Steady State Vollage 90 1C=434.2
. 0=415 0=4433
2-FCV-70-156 S5 CtoD | Steady State Voltags C=415 90 |C=443.3
i ' 0=415 O= 425
2-FCV-70-183 S5 Oto C | Steady State Valtage C=415- | 30 |C=425
O=415 0=4257
2.FCV-70-215 S8 Oto C | Steady Staie Voltage C=415 30 |C=425.7
A 0=415 O=308.1
2-FCV-72-2 5 C 10O | Need Bast avall Voltage a1 1=0 sec fram Sl C=415 28 1C= 398.1
Need 70% Voltage at t=0 sec, Need Best Avall Voltage at t=10 sec from S1 (10 sec time 0=410 O= 386
o-FCV-72-13 10 Cto O | delay) C=415 10 {C=396
. O= 4158 O=423.7
2-FCV-72-21 58 Oto G | Steady State Voltage C=415 15 |C=423.7
O=402 O=408
2-FCV-72.22 85 O1toC | Steady State Voltags C=402 15 {C= 406
_ Need 70% Voltage at t=0 sec, Nead Bost Avail Voltage at t=10 sac from SI (10 sec tima |O= 404 0=2380.8
2-FCV-72-34 10 CtoO | delay C= 404 10 |C=380.8
O=415 0= 399
2-FCV-72-39 5 Cto© | NeedBestavall Voltage at 1=0 sec from S C=415 28 |C=389
. O=418 O=427%6
2-FCY-72-40 S8 C 1o Q | Steady State Voltags C=418. 15 |C=427.6
Q=415 O= 4276
2-FOV-72-41 £8 Cto O | Steady State Veltage C=415. 15 [C=427.6
O=400 O=405.4
2-FCV-72-44 SS CtoQ | Steady State Voltage C=400. 20 |C=405.4
=400 0=412.8
. 12FCV7245 S8 Cto O | Steady Stata Veltaga C=400. 20 |C=412.8
This Page Added by Rev. 20
W
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Required Voltage 89-10 MOVs - Unit 2
AUXILIARY POWER SYSTEM ANALYSIS WBN Unilt 2 GL 88-10 . Page 6cf 8 Page 11
WEN-EEB-EDQ20C-999-2007-0002, i
ATTACHMENT 145 Required Veltage Vs Time
< [ c
_ £ 35 FERAL el
g £ 5 £3e|F £8%
i g 3 [ = & = 3 - = & =
£ b - E’ a~*358e E -
- E ) - EFE
2 Bl =5 Comments DEZ 2 Z5c <
O=415 O=414
2-FCV-74-01 3] Oto C | Steady State Vallage C=415. (1201C=414
' O=415 O=414
2.FCV-74-02 S8 GCtoD | Steady State Voltage ; C=415. 1120i1C=414
. . . O=358 0=1356,7
2-FCV-74-03 SS 0toC | Stoady State Voltags C=2358 80 10=356,7.
O=415 .{0=42518
2FCV-74-08 £8 OtoC | Stoady Stats Voltage ‘ C=415. |120{C=4258
' ' O=416 | |O=4237
2-FCV-74-08 S8 DtoC | Steady State Voltage C=415. 1120|C=4237
- 0=386.6 C=337.3
2-FOV.74.12 G Cto0 | Need Best avall Voltags at t=0 sec from Sl C=415 15 |C=384.6
‘ : O=392 0=2393.3
2-FCV-74-21 358 Q10 C | Steady Stata Voltege ’ C= 392 60 |C=393.3
. . ’ Q= 376.8 O=341.1
2-FCV-74-24 0. Cto O | Neod Bast avall Voltage at t=0 sec from Si : C=415 15 |C= 387.2
] 0=405 0=410
2-FCV-74-83 85 OtoC | Steady State Voitage C=405 15 |C=410
' 0= 1385 O=1386.6
2-FCV-74-35 85 Q1o C | Steady State Voliage =385 15 |C=386.6
Notes:
1) The maxirmum reguired voltage for any GL 88-10 MOV Is equal 10 or above 90% of 460 V (414 V).
Guidance given In Deslgn Standard DS-M18.2.21 slatas that for valtages 30% or greafer the voliage
factor is 1.0 (l.e. no degradation Is required at 90% orabove). Therefors, There will be no.impact to
any Mechanical MOV calculations as fong as 90% of 460 V (414 V) Is achleved.
2) Required voltage for MOVs at T=0, T =4, T =5 or T = 10 sec Is the minimum avallable voltage from
the time specified to any tirne forward during the S1. Example: If a 4 sec voltage was requested and
voltags dropped at 5 se, then the lower 5 sec vollage should be used to bound degraded voltage.
8) For MOVs that are open and go closed upon recelving an Sl signal, the required voltags at T = 0 is only
70% of 460 V (322 V) until the valve becomes loaded. MOVATS differential pressure test fraces . |
ware reviewed and conservative bounding times wera determined for when the MOV becomes loaded.
A 70% starling voltage is based on guldancs provided in Limitorque Technical Update 98-01
in Vender Manual WBN-VTR-£200-0460.
The voltages listed In this Attachment must bo met or exceeded. . P
AL red o —t g S PR AW
Prepared By:” ¢~ ¢~ &~ Date: 274/ 7] "Reviewad By: Date: _g /1717
FAlora Sofs : AL
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Attachment 5

Required Voltage 83-10 MOV's - Unit 2

2A BOARDS
Avallable New New
Voltage Design Design
(New
Analysis) | Time from Sl
Signal Margin Margin
ETAP Value (S5 = steady | {using new | (using new
Node iD MoV from S8 state) Voltages) Voltages)
{open) (closed) Gomments *
SRS RECIRCTO-RWST
|Si-Renptrlet To-EMES Chea Prg
RHRHxA-Bypass Wiy
R Ao CVCS Chegr mp
NS I-T0 Spray Har 2A FeY
SH-Rep-2A-A-triet iy
S Fo-RESLopps2&3FEV
Sls-Rp2A-A-Butet FEV
236-12E {2FEV-63-152 A{1.0HR) £9.49% 88 29 29 Aeceptable Margin
SIS Rrap CutRCS Lp T03-Hot Leg
RCS Press Relief FCV
239-6D |2-FCV-68-333-A (1.5HP} 85.43 55 22 19 Acceptable Margin
CrtSurmp-To-Spaay-Hdr2A ROV
RHRSpray-Hdr A tslatiy
Cntmt Spray Hdr 2A Isln VIv
239-13E |2-FCV-72-39-A (3,2HP} 7941 5 sec 18.5 162.5 Acceptable Margin
CCS HX B ERCW BYPASS FCV
240-154 |2-FCV-67-143-A {0.13HP) 78.67 S5 222 270 Acceptable Margin
RHR Hx A-A Outlet Viv Butterfly Valve &
240-16E [2-FCV-70-156-A {0.33HP) 85.51 SS 14 14 Acceptable Margin
Sample Hx Hdr Qutlet VIv
240-17A [2-FCV-70-183-A {0.13HP) 86.06 S5 134 147 Acceptable Margin
EROW M Al iy
EROW HdsA-tsh iy
24028 |2-FCV-3168 A{O-ICHA) . 83.58 $5 86 FET AceeptableMarain
AFWR Turh Sten-Sup-Frm-Stm-Gent
240-2D |2FEMEA5-A{1MR) 91-35* 8S 25 45 Acceptable-Margin
StlewFo-ARWP Tarbtsa-Viv
24028 [2FeVAa7A LM 84-35% sS 25 28 Acceptable-Masgin
ERCWLHE Atk
240-3A |2-FEV-3-136A-A{D-23HR) 83.49 55 22 42 Acceptoble-Margn
ERCW-HdAckshrviy
24038 [2FoV31368A{032HR) 225 55 2 42 Accapiable-Margin
Sample Bx Isln Viv
240-5A |2-FCV-70-215-A {0.13HP) 86.16 55 227 231 Acceptable Margin
Cntmt Spray Hx 2A Sup Cont Viv Butterfly Valve &
240-5€ [2-FCV-67-125-A {0.33HP) 85.4 55 14 14 Acceptable Margin
Cntmt Spray Hx 2A Disch Viv Butterfly Valve &
240-5F |2-FCV-67-126-A {0.33HP) 88.91 §5 14 14 Acceptable Margin
ARWR Turb St SupFm-Stm-Gend
240-6A |2FCV 126 A{IHR) S1.14% 5 25 31 Aeeeptable Margin
Cmpnt Clg Hx A Disch Cont Vlv
240-11A J2-FCV-67-146-A {0.33HP) 88.48 Ss 9.4 9.4 Acceptable Margin
**(Calculated voltages based on the new analysis have been reviewed and are considered acceptable based on the available margin.
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Attachment 5

Required Voltage 89-10 MOV's - Unit 2

2B BOARDS
Available New New
Voltage Design Design
(New
Analysis) | Time from 8l
Signal Margin Margin
ETAP Value from | (SS =steady | (using new | (using new
Node ID MoV 88 state) Voltages) Voltages)
{open} {closed) Comments **
RAST To-Sproy-Hear 25 rav-
RCS Press Relief F
243-5F |2-FCV-68-332-B (2 hp) 83.26 58 29 17 Acceptable Margin
RHEFoRESHL 283 Flawlsad
24198 [2Fcv63172 B {2.6-hp} 8011 55 45 £9 Acceptoble-Margin
SIS2B-E-Dsh-To-RWS TS
PWSTTo-SIS-RumpREV-
2413108 |2 Fev625B{2hp) 212 5 45 23 Aceaptable-Margin
RWST o Spray HerZBFoy
SISPmp-lntet Fo-EVES Chep Pmn
2 |2 RE63-6-B{2hp) 2624 5 15 26 Acceptable-Margin
RHR-H-Bto-S5-Pmp-
2421118 |2-RoV-53-11-B-{2-hp} 26-26 85 13 124 Aeceptable-Margin
SIS-Prap-2B-Bnlab s
2128 |2 EEV-63-48-B--hp) &1.55 5 120 45 Aecaptable-Margin
CRtmt Sumpro IR Pmp 55
241420 |2-REV-63-73-BH13-2-ho) 9537 £ 36 2860 Aecaptable-Margin
CEToRcS-teops I &4 EC
S5 PenpB-B-Outleb FOV
24134 [ FEVE3453 B2 bl £9-61* 55 20 29 Acceptable-Marzin
Spmp-Out-REStp 284 Hot Lap
241-138 |2FeV-63-157 B2 ha) 2664 55 13 26 Aeceptable-Margin
SI52B-B-Dsh-to-RWST Shif Wy
Cntmt Spray Hdr 2B IsIn Vv
241-14A |2-FCv-72-2-B (3.2 hp} 85.35 S5 28 185 Acceptahle Margin
RHESERAY-HOR-Z2B50 MY
241145 [2Fey72 43 B{2hp} 8092+ 5 28 149 Aceeptable-Margin
Crtm-SumpTo-Spray-Har2B-REY
FHE-H2B-Bypassdy-
241-15D [2Fcy-74-35-8-{2 hp} 7321 5 20 29 Aceeptable-Margin
SiSBoran-lnjTankShato Vv
RHR Pmp 2B-B Min Flow Vv
241-15B [2-FCV-74-24-B (0.1 hp) 71.67 0sec 290.2 48.5 Acceptable Margin
ERCW-HdB-cthye
A28 (2RO 3-126B-B-{0-67 hpd 83-06 85 &5 25 Acceptabla-Margin
St-rlowTo-ARWR Turbshiv
242-0F | ZFEV-3-38-B-{3-hp) 96-84% 55 &5 20 Acceptable Marsin
ERSWHdFB-sta bty
ERCW-HAF-Bstn-
24228 [2REM3140B-BH{033-hp) 2367 55 ig 39 Aeceptable-Margin
Cntmt Spray Hx 2B Sup Cont Viv Butterfly Valve &
242-5€ |2-FCV-67-123-B {0.33 hp) 89.15 55 14 14 Acceptable Margin
Cntmt $pray Hx 2B Sup Disch Viv Butterfly Valve &
242-5F |2-FCV-67-124-B (0.33 hp} 88.5 S5 14 14 Acceptable Margin
SFPCS Hx Sply Hdr Isin viv
242-17A |0-FCV-70-194-B (0.33HP) 92.18* SS 28.10% 28.10% Acceptable Margin
RHR Hx B-B Qutlet Vlv
242-15E |2-FCV-70-153-B (0.33HP) 85 Ss Acceptable Margin

* Calculated voltage considering Hammer Blow feature {using 50% LRC during unseating)

**Calculated voliages based on the new analysls have heen reviewed and are considered acceptable based on the available margin.

This page revised and replaced by R2

R2

R2

R2

R2

Page 8 of 8



Cale STUDY-EEB-WBN-12-001
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Required Voltage 89-10 MOVs-Unit 2

Page 8 A,
MOV UNIDs Minimum Voltage Required in Mechanical Calculations
2-FCV-01-015 (T =SS) 414
2-FCV-01-016 (T = SS) 414
2-FCV-01-017 (T = 88) 414
2-FCV-01-018 (T = 88) 414
2-FCV-03-116A (T = SS) 376
2-FCV-03-116B (T = S§) 376
2-FCV-03-126A (T = SS) 373
2-FCV-03-126B (T = SS) 373
- 2-FCV-03-136A (T = 8S) 375
2-FCV-03-136B (T = S8) 374
2-FCV-03-179A (T = S8) 376
2-FCV-03-179B (T = 8§) 376
PREPARER: CHECKER:
N.R. Bezwada Greg Lee
~- K - 6254,.le0-—- >
Oq-{b,fq QIO/’”-{
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Attachment 5
Required Voltage 89-10 MOVs-Unit 2

Page 8 B

MOV UNIDs Minimum Voltage Required in Mechanical Calculations
2-FCV-62-061 366

2-FCV-62-063 345

2-FCV-62-090 (T = 0 secs} 322

2-FCV-62-090 (T = 5 secs) 414

2-FCV-62-0891 (T = 0 secs) 322

2-FCV-62-091 (T = 5 secs) 414

2-FCV-62-138 391

2-1CV-62-132 354

2-LCV-62-133 360

2-LCV-82-135 372

2-tCV-62-136 355

PREPARER: CHECKER:

Mark R. Joknson reg Le
;&M% (2 /013
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Page 8¢
MOV UNIDs Minimum Voitage Required in Mechanical Calculations
2-FCV-83-1 413
2-FCV-63-3 386
2-FCV-83-4 379
2-FCv-83-5 367
2-FCV-83-6 360
2-FCV-83-7 381
2-FCV-83-8 302
2-FCV-83-11 390
2-FCVv-63.22 383
2-FCV-83-47 351
2-FCV-83-48 371
2-FCV-83-87 401
2-FCV-83-72 413
2-FCV-83-73 407
2-FCV-83-80 406
2-FCV-83-93 411
2FCV-83-94 411
2-FCV-63-98 394
2-FCVv-83-118 401
2-FCV-83-152 388
2-FCV-83-153 380
2-FCV-83-156 377
2-FCV-83-157 371
2-FCV-83-172 359
2-FCV-83-175 381
2-FCV-83-25 414 (Test Condition)
2-FCV-83-26 414 (Test Condition)
2-FCV-63-25 372 (Accident Condition)
2-FCV-83-26 365 (Accident Condition)
PREPARER: CHECKER:

Mark K. Johnson

.%!?%»Wg

Greg J, Le

\AN Z”’ 1Aahz

This page added by R2



Calc STUDY-EEB-WBN-12-001

Attachment 5

Required Voltage 88-10 MOVs-Unit 2
Page 8D

MOV UNIDs Minimum Voltage Required in Mechanical Calculations

2-FCV-72-021 (T = 5 secs)
2-FCV-72-022 (T = 5 secs)
2-FCV-72-040 (T = 5 secs)
2-FCV-72-041 (T = 5 secs)
2-FCV-72-044 (T = 5 secs)
2-FCV-72-045 (T = & secs)
2-FCV-74-033 (T = & secs)
2-FCV-74-035 (T = & secs)

PREPARER:
Mark R. Jobnson

385
392
389
401
368
384
373
351

CHECKER:
Greg Lee

\h“ﬁ A oteofty

This page added by R2
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Page 2 of 12 WBN-VID-R155-0140

W) Westinghouse Electric Corperation

BUFFALD, M.Y.

Date 11/5/74

Putchaser GOULDS PUMPS DO48ES Stock Order No. 13C74082
G.0. No. ___SY=44883 #.p. 100 volt: _230/460  phaso_3 Closs _ B tnsulotian
Apparatus FR-QD&TS,TBDF,SQ.CAGE IND. MTR. Poles 4 r.pa. 1770 Cycles 60
[ 1 FAR 3 T COMMENTS
| !
Amperas Per Tarminol ot ne load 460 Valts 27.13 | i
Watts [nout ol no igad 1694 L
Starer Rea. {T-T} at 75° C - ahms 1.1323 JE_
Starting Windiag Ras. at 75" € « ohmz i
Rotar Rex. {bet rings} at 75" C - ohms
LOSSES IN WATTS AT FULL LOAD
Stray Load Loss 1012 |
Stator T2R Loas 2795 , B
Rotor T2R Loss 1180
Core Less 1030 |
Friction and Windoge Losa 440 N
% Efficiancy « Full Lsad 92 |
+ % Load 93.1 '
- ¥ Load 23.2
[ |
" Pawaer Fagtor Full Laad 29,4 i ! !
< ¥ Load 88.7 |
- ¥ Load 83.5 |I r
i !
neld 9t Full Load 1772 [ !
Amperen Pwr Term. at Ful! load 13.82 |
KW iaput at full load a1.11 f
Amperes per Texm-Rotor lacked 460 v B4R.T 3
KW input « Rotor locked 215 | Pt !‘
Max. Swc, Volts betwaen rings - i
Sec. Ampx per ring at fyll laod e l: e
Full Load Tarque {F.L.T.) in lb. ft. 2096, 2 M
Max. Targue in % f F.L. 7. 215.7 ! ey
Starting Torque in % of F.L.T. 168.6 ! s
End Play Tested 0K T o
Halonce Tasted [8):8 ) “':"'i :Z.,':
Srator Inx Tested 2100 v 60 Sae, 0% . "‘T:‘_
Roter 1ns Tesrad v Sge, - -
TEMPERATURE TESTS | :
Langth of Test in hours 7.5 i . i
Yalts i 461} ' | |
= Hormal Fyll Load Amp, 1100 : !
Toemp. Rize |Stoter Copper by Hesg. 78 | 1
in degreas C{Stator tron 148 i
Rotar Coppar :
Ratar lran % l 4
Roam temperaturs in " | 24 i ]
T i
T j ;
A —— ¥ - t —_—
Curve Hos. e S i__ l R ER
The abave is 8 trus ond Goeragt rocord of dets ouininad fram tepts mads of tho eorks of Wluinﬁhc:«ﬂe Elﬂi‘f‘iﬁ Cfmperanon. 3
REPORT OF TESTS ON INDUCTION MOTORS Signed 0 T . FEmbly S o Engeneur

fa%n 2958 % F. M. Sendive-i
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2. Al 77 (
SPEED -~ TORQUE CURVE
HR2972) Q

A7 RudeeT™ o £ 5
4 BI80 GAY E s aR SEET
100% TORQUE =,(55.5 FI. LBS.

E~2126

100

90

80

7G

60

30

40

30

j —
s TORQUE

20

10

100% SPEED = /75, R. P. M.

A

v

7

/S‘

]

“

g
1

0 10

PUMP MODEL ~ ~F4/05

IMPELLER THG, # ~ J2-¢/S™

30 40 80 90 106

Yo SPEED

20 50 &0 70

) . Py
IMPELLER DIAMETER - /oo

1007 TORQUE = H, P, x 5250

R. F. M,
) Notes: A. H. P. is the shut-off H. P. at 1007 speed with
the rated impeller diameter,
B. Sleeve Bearing starting point 1is 157 not 107,
2 P Z
Pume WR*= 2/5 18- WBNREV__O

WEBN PAGE__8

PUMP SIZE - X X/O-

1

s P

TMPELLER BATT. # - SRF 7S
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CONTAINMET A2 Zetoeal FAN 1A -A
[-MIR - 030 - 6032, -A
A

RELIA NCE ELECTRIC COMPANY

e

24701 Euclid Avenue, Cleveland, Chio 44117

WBN-VTD-R165-0110

o]

Calc. STUDY-EEB-WBN-12-001
Attachment 6

Page 6 of 12
REPORT OF ROUTINE TESTS
Induction Motor
Purchaser  Joy Manufacturing Co. Dateof Test ..o vov oo,
338 South Broadway
New Philadelphia, Ohio L4663 Manufacturer’s
- Order No. ..} XF—882396 -
The air gap, condition of bearings
and rotor balance were examined and Purchaser’s NA2836
found to be satisf ctory OrderNo. ....n00020 ...
Engineer Q\/
P. Llcurs’:ﬂJr WBNHEV
WBN PAGE. 1
NAMEPLATE DATA
Hp ii:i:: Rpm Phasa Hertz Volts Amperes
100 1.0 1786 3 60 L0 115
Temp Hisq mbient Tem . - Code Letter
Tirm o] 1]
v | e | () () T |t | RS
P shktez - 50°C/H % | Cont. - J
TEST CHARACTERISTICS
Locked A [Single Phase) A High- )
j et Na Load O Throe Phuse) R “pat:fnhziai Dg %e
L4 . - Lir- H
um Vols | Hertz | Rpm p‘?::.\s Volts | Hertz pif:-: Sﬁf%n;:_ V:;;ge ?l.“'es t
A-1 | 46a| 60 |179940.5 460] 6D | 869 - | 2000 |7-6-77
A-2 | 460] 60 1799%1.5 230 60 {414 - 12000 |7-7-77
A-3 Lo 60 179941.1 230 60 412 - 2000 7j7"?7
A-h P h60| 60 1179911.4 230| 60 411 - 2000 1 7-7-774
'
----- :
o
T
i
i
[
Notes: * Type RN insulation. @ For 60 seconds.

Data on test from
[this or duplicate}

Approved by

Issued:

8-12-77

..............

P. Licurs, Jré#
13

R —— |

L et =

e R

B i

Az,

g T At e WEibd €
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Page 7 of 12

‘-v’ " ﬁ
AEL.S.0. 1XF-882396 Aem 1786 sf. 1.0 ROTOR 604882-1RJ
FRAME  Ab44TCZ vouts 460 NEMA DESIGN  ~ TESTS.0. 1XF-882396
HP 100 AMPS 115 CODELETTER J TEST DATE 7-6-77
TYPE P puTy Cont. ENCLOSURE TEAD STATORRES @ 269C ,06439
PHASE/MERTZ 3/60 AMBOC/INSUL 50/H * E/S 597617 OHMS {BETWEEN LINES)
EEE FiT HEET S e
_{ L — : "y — - Jr‘
L S [ 1 b i gy
s HT : Ire T
pi : | : :M_
HH P R e L ey e f
B e e e
e TR el e i
oy L
st Tt i P R FoT PO
st e : W
53 : : = e Tre: : arere
HH 5 e S T S R T =R
pE o — bl i i e sote e auT:
ree: srss: Bin: mp s s e an ey P s B g s e o L
i SRS S e e S
s : R b e S e e S e T : T
SEEno R e e el o e e :
5 e : : g o ot n n
: : N T o e e 5t ;
- S roaw i "
- oy PO T (=32 T 3 et ‘
: i
SEEasaEmaanabes
b :
e R
=i i
ot
— n
e -3
E
T
AMPERES SHOWN FOR —.CONNECTION. IF OTHER VOLTAGE CONNECTIONS ARE AVAILASLE, THE
AMPERES WILL VARY INVERSELY WITH THE RATED VOLTAGE. * Tvpe RN insulation.
RELIANCE OR. 8 A-C MOTOR
‘eLecTRIC company BBL] || arc ey PERFORMANCE V29593.000
CLEVELAND, GHIO 44117 US.A. || paTE Ol CURVES ISSUE DATE  8-22-77
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TN ERou Trav, Seeesn) 1B-B
- 6YF882998 \(f’/f ; —
CONTRACT #81K5-820093,CHG. #1 P L - AL
FOR: WATTS BAR NUCLEAR PLANT i~mre-op1- 0445 -6
HVAC EQUIPMENT
TRAVELING WATER SCREENS

Cale. STUDY-EEB-WBN-12-001

SPECIAL DATA SHEET Attachment 6
Page 8 of 12
a. Manufacturer RELIANCE ELECTRIC COMPANY
b. Application TRAVELING WATER SCREENS
¢. Rated horsepower 5
d. Service factor 1.15
480 A

e. Rated voltage

f.  Full load currert per phase at the applicable rated voltage

6.8 AMPERES
g. Locked rotor current gt the applicable rated voltage
41.1 AMPERES AL 15
h. Locked rotor power factor at rated voltage 61.2%
+ i, Full load current per phase at 80% of motor rated voltage
8.8 AMPERES

J.  Locked rotor current at 80% of motor rated voltage

30.6 AMPERES

k. Locked rotor withstand time at rated voltage starting from zimbient temperature

{3-ph motors only) 20 SECONDS

L, Locked rotor withstand time at rated voltage starting from rated temperature

(3-ph motors enly) 8 SECONDS

m. Efficiency at 100%, 75% and 50% of rated horsepower

82.3%, 82.9%, B2.5%

n. Power factor at 100%, 75% and 50% rated horsepower

83.9%, 79.8%, 70.6%

MOTOR NOT SUITABLE FOR CONTINUOUS OPERATION AT 80% VOLTAGE.

wWAaTs  Eak
g1~ 819092
GYF 882975
— yE 12
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[ ELLIS AND WATTS
- CINCINNATI, OHIO 45244

wut

DOCUMENT NO. __ N0055-4 REVISION_0 4/28/86

ISSUE NO.

TITLE: __NUCLEAR ENVIRONMENTAL_QUALIFICATIQON REPQRT FQR
50 HP - 1800 RPM MOTOR

PART NO.
PART NAME
Jon ) ~
AR ) )
PREPARED BY: ¢ «"wff 240 - SWAL Ll
. K.Z. ¥anky T
X - . s g
ENGINEERING APPROVAL: 2 £ 2 ,/ . Sy

M.J. Fox, .~
O.A. APPROVAL: @@Aﬁﬁ@l 4/z8/8¢

R/ Schertier:
R chertler DATE

Tennessee Valley Authority
Watts Bar Generating Station
Contract No. 85PM8-451609

DOCUMENT NO. __N0055-4

PAGE _1
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DATE GF TE57 )

01-i5-8C

MANUFACTURERS

REPORT OF TEST-INDUCTION MOTOR ORDER NO. 6-150206
PURCHASERS
PURCHASER_ELLIS & WATTS ORDER NO. 76013
RATING
ror | rraste RATED | FULL LOAD ors [P FULL LOAD | sppyrce | Tive
H.P. R.P.M. HZ. AMPERES FACTOR RATING
COGGB 326T 50 1770 480 3 &0 56.5 1.15 CONT.
CONDITIONS OF TEST TEMPERATURE RISE-~DEG. C
STATOR ROTOR
COOLING
WINDINGS (CROSS
HOURS LINE LINE AIR cogg (CROSS OUT THREE) cgaE 0w 0t COLLECTOE
N VOLTS | AMPERES| DEG. C | THERMO-|gy pesistance methon | THERMO-| RESISTANCE | prngg
RU 0 COUPLE | gy emMpecoeD peTEcToR | METER avﬁ'ﬂggfm
METHOD |BY THERMOCOUPLE METHOD| METHOD | meTer
I BY THEARMOMETER METHOD HETHOD
3.5 483 65.7 21 68 108.8  Jemmom fommemen ] oaomeoano
CHARACTERISTICS
RESISTANCE
]
SL1P-PERCENT AMPERES (BEXERN 1 1heS) SECOMDARY SECONDARY
- STATOR ROTOR VOLTS AT AMPERES PER -
RUNNING LIGHT [ ZETEEN | BETHEEW STARDSTILL | RING AT FULL LOAD
1.53 17.4 R T e et T
TORQUE AND STARTING CURRENT HIGH-POTENTIAL TESTS
BREAK-DOWN TORQUE LGCKED ROTOR TORQUE STARTING CURRERT VOLTS A-C FOR 1 SEC.
LBS. AT 1 FT. RADIUS| LBS. AT 1 FT. RADIUS { AMPERES (LOCKED ROTOR) —
WITH-% YOLTS APPLIED | WITH-% VOLTS APPLIED STATOR ROTOR
341.0 LB-FT 1 218-99.2% 334.7-99.2% 2400 0 | m=—=—mmememam———o-
EFFICIENCIES AND POWER FACTOR
EFFICIENCY, PERCENT POWER FACTOR, PERCENT
FULL LOAD 3/4 LOAD 1/2 LOAD FULL LOAD 3/4 LOAD 1/2 LOAD
93.1 93.9 94.0 83.4 81.8 75.8
NOTES: DATA FROM TEST ON THIS MOTOR. LN ACCORDANCE WITHE IEEE 112-1984

(THIS OR DUPLICATE) FORM A-2.
THIZ DATA FOR REFERINZE ONLY UWLESS OTHERWISE SPECIFIED
PREPARED aY_L_L_%IIJiﬂiS___‘
APPROVED BY__ s /%m0 H H B32E04-050-731-C0
e bt ) LOUISAllis SHEET_T_or |
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Calculation: WBN-EEB-MS-TI06-0029 11

5.2. Secopd Level Undervoltage (Degraded Voltage) Relay Reset Setpoint

An upper boundary should also be established for the reset setting of the degraded
voltage relay. The tightest possible tolerance should be employed between the
nominal dxopout and reset setpoints. The upper boundary of the reset setting should
be equal td\the nominal setpoint plus all tolerances from any errors in accordance with
Technical Ingtruction TI-28 (Ref. 2.13). Margin should exist between the upper
boundary of tRe reset setting and the safety bus voltage equivalent to having the
minimum allowable switchyard voltage during anticipated worst-case system operating
conditions. If ojeration of the auxiliary power system under normal design transient
(starting) conditions, with the safety-related bus voitage equivalent to having the
minimum allowablg switchyard voltage determines that the bus voltage drops below the
dropout setting, theq it must recover above the upper boundary of the reset setting
prior to the lower bondary of the time delay selected in section 5.4.

The safety bus voltages associated with the upper boundary of the reset setting are
evaluated to ensure adeguate operation of the auxiliary power system under steady-
state (starting) conditions\and recovery (running) voltage conditions. The acceptance
criteria and means of evalyation is as follows:

5.2.1. Induction motok starting analyses were performed at 6672V which bounds
the operational [init of the degraded voltage relay reset setting upper
boundary, 6681V\Section 3.9) to ensure that motors and motor-operated
valves (MOVs) have adequate starting voltage as specified in section 3.8.
Using 6672V providgs conservative resuls for motor starting.

5.2.2. All static loads are eviluaied to ensure adequate operating voltages as
specified in section 3.

5.3. Second Level Undervoltage (Degraded Vgltage) - Long Time Delay
The long time delay specified in NRC Branch Yechnical Position PSB-1 is not used at
WBN.

5.4. Second Level Undervoltage {Degraded Voltage)\- Short Time Delay

5.4.1. The upper boundary of the time delay selected should be less than the safety
analysis time allowed for the emergency diesel\generators to come up to rated
speed and voltage and be ready to accept load. \The lower boundary of the
time delay should be greater than the time it takes the safety bus voltage to
recover above the upper boundary of the degraded, voltage relay reset setting
established in Section 5.2. The nominal setpoint shguld be selected
considering all errors in accordance with Technical Ingtruction TI-28 (reference
2.13).

- 5.4.2. The scenario evaluated for the short time delay is an S| concurrent with the
degraded voltage condition such that a block start attempt is made. A
determination is made of the time permitted to allow voltage to return above the
degraded voltage relay setpoint reset limit under block start transient conditions

R31

R31
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9.4.3.

54.4.

ATTACHMENT 7
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12
and still assure a subsequent start on the diesel if the voltage fails to recover,
thus, making this a start-start evaluation.

To evaluate the effect of the starting currents during the start-start scenario, the
effect on overcurrent protective devices are considered. The board voltages at
the onset of the event are, considered normal and are taken from Reference
2.2. The degraded voltage condition presumes that the voltage does not
recover but remains below the degraded voltage relay seipoint subjecting the Si
initiated motors to starting currents for the time delay selected and then
sequence onto the emergency diesel generators. The design calculated warst-
case transient voltage dip during the accident loading sequence (from reference
2.2) is used. This is conservative, because a lower voltage would produce less
starting current for the motors.

L.oads evaluated for this condition are safety-related loads required for Unit 1
which would be actuated for an Sl. Load types considered are motor loads,
vendor package loads, 120VAC motor control circuits, and MCC 120VAC
distribution panel loads. The acceptance criteria and means of evaluation is as
follows:

5.4.4.1. Motor loads are evaluated to determine the effect of the start-start
heating of the overcurrent protective devices, such that starting on the
diesel without tripping can be assured.

5.4.4.1.1. 6.9kV Switchgear Breakers - Motors fed from 6.9kV shutdown
boards do not require analysis for starfing immediately after
running at degraded voltage. Overcurrent relays derive their
input from current transformers. When power is lost, the
relays reset fo their normal state.

54412 480V Switchgear Breakers - Motors supplied from the 480V
Shutdown Boards do not require analysis for starting
immediately after running at degraded voltage. Amptector
solid state overcurrent protective devices obtain their input
from the current transformers. When the power is lost, the
protective devices reset to their normal state.

5.4.41.3. 480V MCC breakers feeding static loads - These loads are
constant impedance loads and will have reduced current
requirements at a degraded voltage, and therefore the
reduced heating effect would not challenge their applicable
protective devices.

54.4.1.4. 480V MCC protective devices feeding MOV’'s - Thermal
Overload Relays (TOL's} used in accident initiated MOV
circuits have their trip function bypassed during an accident.
The magnetic-only circuit breakers are set above the locked-
rotor current of the MOV's and would not be affected by the
operation of the MOV. Therefore the protective device
heating effects during a degraded voltage for MOV's are not
evaluated.

5.4.4.1.5. 480V MCC protective devices feeding motor loads - Motor
protective devices consist of a TOL in conjunction with a
magnetic-only circuit breaker. The magnetic-only circuit
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breakers are set above the locked-rotor current of the motor
and would not be affected and therefore not analyzed.

The TOL’s were evaluated as follows: The minimum terminal
voltage of the enveloping safety-related MCC motor was
determined from Reference 2.2. The minimum starting
voltage at motor 203-12B is calculated as follows:

%Vst @ 432 = 83.77% of 480V
%Vst @ 380 = 83.77% * 380 =73.69%
432
Vst = 73.69% * 480 = 353.71V
100

This is based on worst case voltage of 380V at t=0 for 480V C&A
‘Vent Board 1A1-A with a grid voltage drop from 164kV to
153kV, concurrent with an S1 accident.

For added margin, for conservatism 320 volts was used in this
evaluation. Next, ETAP PowerStation was used to model a
typical low voltage MCC motor in order to determine the total
starting time during a degraded voltage event. The total
starting time consists of an attempted start at a degraded
voltage of 320 volts plus a re-siart at rated 460 volis when
applied to the diesel generator. The ETAP default dynamic
model for a low voltage 50 HP motor was used as the typical
WBN MCC moter. The 50 HP model has a higher power
factor and efficiency than the smaller motor models. This
produces a higher "%Start Load" for the connected
mechanical load resulting in slower acceleration. In order to
determine a conservatism value for the motor inertia constant
"H", the motor acceleration simulation was performed several
times at 80% rated voltage until it was found that an "H"
value of 0.7 produced a 5 second acceleration time. The
results of this simulation are given in output file LV-H-7
(Attachment 1). Using this typical motor data, a simple three
bus system was modeled which could be used to switch the
motor from degraded voltage to rated voltage at a specified
time (see Attachment 2).

Two cases were analyzed using this model. In the first case, the
load was conservatively tripped from degraded voltage at 6
seconds and re-started at rated voltage at 10 seconds. This
was conservative in that the load is given 4 seconds to slow
down before it is re-energized at 10 seconds. In the second
case, the load was tripped at 11.5 seconds and immediately
re-started at rated voltage. The results of these cases are
given in output files LV-ACC-1 and LV-ACC-2 (Attachment 2
and 3). Both acceleration cases show that a typical low
voltage MCC motor will be fully accelerated in 12 seconds.
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A generic review of MCC thermal overload (TOL) devices
were evaluated to determine if they could trip during the 12
seconds of motor acceleration. The motor draws a reduced
starting current during the degraded voltage period. For
conservatism, the decay of starting current during mofor
acceleration has been ignored. For the ITE TOLs installed at
WBN on safety-related loads, a starting current of 638% will
trip the TOL in 12 seconds (see Reference 2.3). This is
based on the TOL tripping in 12 séconds hased on 555% of
TOL 100% trip amps, which is a minimum of 115% of the
motor current. The characteristic curve for size 0, 1 and 2
starters were conservatively used, since the current vs time
for size 3 and 4 starters are significantly higher. Additionally,
since the accident has just occurred, the equipment ambient
temperatures are not elevated to 40°C, and there is an
additional margin of 115% in the TOL trip time (see
Reference 2.3), Therefore, at a reduced ambient
temperature, the TOL would frip in 12 seconds for a starting
current of 734%. Due to the reduced starting voltage
available at the motors during the degraded condition, a
voltage of 1% less than the minimum starting voltage of 85%
will be conservatively used. This is based on reference 2.2
for the design calculated worst-case transient voltage dip
during the accident loading sequence. This is conservative,
because a lower voltage would produce less starting current
for the motors. Therefare, this would be equivalent to a
motor starting current of 851%. Therefore, the analysis will
evaluate all TOL'’s for class 1E motors that start for an
accident that have motor starting current greater than 850%
of full load current.

Protective devices should also be evaluated for the 460V
safety-related loads that operate during non-accident
conditions. The evaluation should consider that the safety
bus voltage is equivalent to operation at the lower boundary
of the degraded voltage relay dropout The protective devices
should be evaluated to ensure that operation of the safety-
related loads can be sustained indefinitely at this voltage
without protective device trip.

5.4.4.2. 8l actuated medium voltage motor loads are evaluated to ensure that
their thermal damage limits are not exceeded during the start-start

event.

This was determined not to be an issue. The medium voltage motors
can start with 80 percent of motor rated voltage of 6600V (i.e. 76.5%
of 6900Vin ETAP). During the start-start scenario the voltage can not
drop below 88% without actuating the loss-of-voltage relays, which wilt
trip the offsite supply in no more than 1.14 seconds. Therefore the
available voltages at the medium voltage motors will be adequate to
ensure starting and accelerating of these loads and will not challenge
the motor thermal limits during starting.
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6.

5.4.4.3. 120VAC control power transformer (CPT) fuse time characteristics are
evaluated to determine if the fuse could blow when carrying rated
inrush current of the starter and any other normally energized devices
for the safety analysis time from 5.4.1 above. See reference 2.7.

5.4.4.4. MCC 120VAC distribution panel. Fuse time characteristics are
evaluated to determine if the fuses melt during the start attempts. It is
considered that circuit components required to pick-up during starting
will be at inrush conditions.

5.5. l.oss-of-

oltage {LOV) Relay Setpoint

The loss of\voltage (LOV) relays are an integral part of the degraded voltage protection
scheme, and, their setting and time delay should be selected to limit the magnitude and
raded voltage the safety buses will encounter. The LOV relay nominal
setpoint and ajsociated time delays should be selected considering all errors in
accordance with, Technical Instruction TI-28 (Ref. 2.13). '

5.5.1. The LOV rglay voltage setpoint upper boundary should be established to be
less than, with some margin, the safety bus voltage equivalent to the design
calculated worst-case transient voltage dip during the accident loading
sequence. TNhis setpoint should also be less than the TPS calculated security
boundary voltage which is based on the grid voltage that is one failure away
from failure (see\reference 2.11).

5.5.2. The LOV relay voltgge setpoint lower limit is selected by evaluating operation of
the auxiliary power aystem under steady-state (running) conditions, with the 6.9-
kV Shutdown Board woltage as low as possible while keeping all connected
safety- related motor Igads above their stall voltage (greater than 70.7 percent
of rated motor voltage for NEMA Design "B" motors, see assumption 4.6 ). The
lower limit must also be §reater than the 6.9kV Shutdown Board voltage
equivalent to having the lowest switchyard voltage that could be sustained
without instability or collapse (see reference 2.11).

5.5.3. The lower boundary of the LQV voltage relay time delay should be iong enough
to ride through short-circuits aRd other short time system transients (lightning
strikes, switching transients, eto,}, taking into account the total sensing and
clearing times for the above type\of events. The time delay upper boundary
should be less than the safety anaJysis time allowed for loss of voltage
detection.

SUMMARY OF RESULTS
8.1. Degraded Voitage Relay Drop Out Setpoint

6.1.1. Table 1 in Section 9.0, shows the minimum calculated steady-state operating
voltage for the boards when the 6.9kV Shutdown Boards are operating at the
degraded voltage dropout lower boundary of 6555V. All 6.9kV switchgear and
480V switchgear voltages are equal to or greater than the ANSI C84.1 voltage
range B service voltages of 6560V (5V difference is considered insignificant)
and 440V, respectilvely, And 480V mccs are equal to or greater than the ANSI
C84.1 voltage range B utilization voltages of 432V.

R31
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not need to be started during a time of voltage degradation. Therefore, the voltage is
considered acceptable under those conditions.

8.3

Note 2 - Percent Required starting voltages were obtained from Att 10.7 of Ref 2.6 of
Calculation WBN-EEB-EDQ1999-010001 (Ref 2.2).

Degraded Voltage Time Delays

6.3.1.

6.3.2.

Motor Protective Device Evaluation

Per section 5.4.4.1, the only issue requiring evaluation was TOL's protecting
safety-related motors that start for an accident. The generic evaluation of
TOL'’s, in section 5.4.4.1.6, showed that only motors having locked rotor
current in excess of 850% would have to be evaluated further. A review of the
WEBN ETAP database, showed that the following motors in Table Il have a
locked rotor current greater than 850% and start for an accident:

Table Il - Locked Rotor Current Summary

[ — Name Percent
203-12B |Cont Bldg Emerg Press Fan A-A 882
203-2A Cont Bldg Emerg Air CU Fan A-A 902
205-11A _|Cont Bidg Emerg Press Fan B-B 882
205-2A _ [Cont Bldg Em Air Cinup Fan B-B 902

An evaluation of those four loads show that their TOL's are set at 115% (see
reference 2.3). Therefore they would not be an issue, because it would
increase their tolerance for tripping an additional 115%.

Fuse Evaluation for 120VAC CPT Circuits and MCC 120VAC Distribution
Panel Loads

During the start-start scenario, MCC bus voltages are below the levels used in
verifying adequate voltage in previous calculations. Control circuits for motors
being started, or other loads being energized, may be at a sustained inrush for
the duration of the start attempt (6 seconds) before going to the diesels.
Consequently fuses for these circuits must be verified to not actuate for this
condition.

Calculation WBNEEBMSTI020018 (Ref. 2.4) and its reference calculation
WBPEVARB902006, were reviewed to identify the typical circuit configurations,
their worst case burden during inrush, and the fuse size and type presently
required . The current for each circuit was calculated for the burden at rated
voliage.

Calculation WBNEEBMSTI020020 (Ref. 2.5) was reviewed to identify the worst
case inrush at rated voltage on each MCC 120VAC distribution panel. Each
panel uses the same size and type fuse.

The inrush currents were then compared with the fuse melting time-current
characteristic to determine the melt times. The results are tabulated in Tables 2,
3 and 4 in section 9.0. Use of inrush currents calculated at rated voltage is
conservative for constant impedance devices as the current at degraded
voltages will be less. The acceptance pass-fail criteria required for melting time
is 12 seconds. From a review of Tables 2, 3, and 4 all fuses will carry inrush
current for at least 12 seconds and are considered acceptable.



ATTACHMENT 7
STUDY-EEB-WBN-12-001, RO

Calculation: WBN-EEB-MS-TI06-0029  Page7 19

8.5

6.3.3. Non-Accident Degraded Voltage - Motor Protective Device Evaluation

Operation of safety-related loads with the 6,9kV Shutdown Board voltage

operating at the lower boundary of the degraded voltage relay, 6555V, will not ‘ R31
cause tripping of protective devices. Static loads are not considered, since

operation at lower voltage results in less current. The evaluation was based on

the following:

6.6kV Motors - The voltage at the boards is 6555V (95% of nominal). The | R31
increased motor current would be approximately 105% of nominal. All of the

protective relays are set to alarm only for overloads above 125% of nominal.

Therefore, operation at the lower boundary of the degraded voltage relay

dropout setting would not trip the motors.

480V switchgear motors - The lowest voitage at the 480V Shutdown Boards

would be 437 volts (Ref Table 1). The increased motor current would be l R31
approximately 110% of normal. All of the switchgear breakers are set above

115% of nominal, and most above 125% of nominal. Therefore, operation at

the lower boundary of the degraded voltage relay dropout setting would not trip

the motors.

480V mce motors - The lowest voltage at the 480V mccs would be 432 volts 1 R31
(Ref Table 1). The increased motor current would be approximately 110% of

normal. All of the TOLs are set above 115% of nominal, and most above 125%

of nominal. All motor breakers are magnetic only, and are not an issue,

Therefore, operation at the lower boundary of the degraded voltage relay

dropout setting would not trip the motors.

6.3.4. The upper limit for the time delay is 11.5 seconds, which is the maximum total time
allowed for loss of voitage detection and emergency diesel generator start in the
WBN safety analysis as documented in the FSAR, Based on the above evaluations,
it has been determined that protective devices will not trip prior to 12 seconds for -
operation at a degraded voltage for a period of time, disconnection from offsite
power, and reconnection to the emergency diesel generators.

The bounding motor starting analysis from reference 2.2, assumes the plant being in a
normal operating mode, with the grid at its expected grid schedule voltage of 165kV,
followed by an accident concurrent with the grid falling to a voltage of 153kV. For this
unlikely conservative drop in the grid, the degraded voltage relays can be reset in
approximately 6 seconds. For conservatism and margin, the lower limit for the time delay
is 8.5 seconds.

Loss of Voltage (L.O elay Setpoint and Time Delay

6.5.1. The LOV relay uppehanalytical limits were determined to be 6072 volts, which is | R32
the minimum voltage during any expected starting transient from reference
2.2 and 6560 volts which is the lowest 6.9kV Shutdown Board voltage when the
grid is degraded down to thessecurity boundary voltage of 141kV. See section
5.5.1. The upper boundary of the LOV relay is 6072 volts from reference 2.20. | R32
The current LOV setpoint meets criteria in section 5.5.1. Table IV shows
the 6.9kV Shutdown Board voltages'when the grid is degraded down to the
security boundary voltage of 141kV.
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PURPOSE
The purpose of this appendix is as follows:

¢ Evaluate impact of the degraded voltage on the protective devices of safety
related components and devices. This includes loads fed from 6.9kV and 480V
switchgear, 480V MCCs, 120V CPT circuits and MCC 120VAC distribution
panels. The equipment powered from Unit 2 boards required to support Unit 1
has been already analyzed in the main body of this calculation and therefore, not”
reviewed in this appendix.

« Ensure the duration of the degraded voltage at a given voltage level does not
result in thermal degradation or damage of any required equipment,

¢ Verify that the existing setting of degraded voltage and loss of voltage relays, as
stated in the main body, are acceptable for Unit 2

Analysis to verify adequacy of start and running voltages under degraded voltage
conditions and stall voltage analysis is performed in calculation EDQO0099920070002
(Ref. 2.1).

SOURCES OF DESIGN INPUT/REFERENCES

References listed in Section 2.0 of the main body of this calculation, except references

22,23, and 2.4, are also applicable to this appendix. Additional references are as
follows:

2.1 Calculation EDQQ000-999-2007-0002, R18 - Auxiliary Power System Analysis

2.2 Calculation EDQ002-899-2008-0004, R12 - 480V Class 1E Protection,
Coordination and TOL Heater Calculation — Unit 2

2.3 Calculation EDQ002-999-2008-0003, R4 - 120VAC Cléss 1E MCC Control

Circuit Voltage Analysis and Transformer Sizing

2.4 Calculation EDQ002-999-2008-0016, R2 — 6.9kV Protection and Coordination
Caloulation — Unit 2

2.5  Calculation WBNEEBMSTI070018, R80 — 120VAC Protection, Coordination
and Short Circuit Study

Design Input and Requirements
31 Thermal overload heaters data is obtained from Appendix 8 of Reference 2.2.
3.2  MCC control circuit loads data is taken from Ref. 2.3.

a3 Degraded Voltage and Loss of Voltage relays Setpoint (Sec 3.9 and Figure 8.3 of the
mainbody) -

Degraded Voltage Relay (27DAT, 27DBT, 27DCT)
Setpoint (Nominal) 6600V
Allowable Value: Dropout - 6570V Pickup — 6672V
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Analytical Limit; Dropout — 65655V Pickup — 6681V

Loss of Voltage Relay (27LVA, 27LVB, 27LVC)
Setpaoint (Nominal) 6000V ‘

Allowable Value: Dropout —- 5967.6Y  Pickup — 6036V
Analytical Limit: Dropout — 5934V Pickup — 6072V

40 DOCUMENTATION OF ASSUMPTIONS AND JUSTIFICATION

Assumptions and justification listed in Sections 4.1 through 4.5 in the main body of this
calculation are also applicable to this appendix. These are repeated below:;

4.1 The resistive loads do not require protective device analysis for degraded voltage.

Justification: For a degraded voltage condition, the current for constant impedance
devices decreases. Decreased current reduces the cumulative heating effect on
thermal overloads, fuses or circuit breakers.

4.2 Motor operated valves do not require protective device analysis for degraded
voltage.

Justification: The operation of the valve motors is intermittent and their overload
relays are bypassed during accident conditions. Therefore the heating effect has no
impact on this analysis. '

4.3 Motors supplied from the 480V Shutdown Boards do not require protective device
analysis for starting immediately after running at degraded voltage.

Justification: Amptector solid state overcurrent protéctive devices cbtain their input
~ from the current transformers. When the power is lost, the protective devices reset to
their normal state.

44  Motors fed from 6.9kV shutdown boards do not require protective device analysis for
starting immediately after running at degraded voltage.

Justification: Overcurrent relays derive their input from current transformers. When
power is lost, the relays reset to their normal state.

4.5 A five second acceleration time is assumed for motors with no acceleration time.

Justification: IEEE-384-1977 {Ref. 2.18 of the main body), provides a typical motor
acceleration time range from 2.5 to 4 seconds. Using 5 seconds is conservative.

50 COMPUTATIONS AND ANALYSIS
5.1 Degraded Voltage and Loss of Volitage Relays Settings
Degraded Voltage and Loss of Voltage relay setpoints are determined in the
main hody of this calculation and the currently installed settings are documented
. in Section 3.3 & Figure 8.3. These setting are reviewed to verify their
acceptability for Unit 2 as follow:

5.1.1 Degraded Voitage relay
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From the auxiliary power system voltage analysis performed in Ref. 2.1,
it Is seen that under the worst case scenario of an accident with grid
dropping from normal 164kV to the minimum of 153kV, the voltage on
the 6.9kV shutdown boards will fall below the relay dropout level at t=0+
second but recovers to a level above the relay reset value in< 5
seconds (Atl. 11.3.b of Ref. 2.1). The minimum time to reset the
degraded voltage relay so as not to isolate the shutdown boards from
the offsite power is 8.5 second (Figure 8.3).

Also as per the analysis performed in Ref. 2.1, it is verified that all safety
related equipment and devices will have adequate starting and running
voltage under the degraded voltage reset and dropout conditions
respectively, after the proposed modifications in Section 12.0 of Ref. 2.1
are implemented.

Loss of Voltage relay

From the auxiliary power system voltage analysis performed in Ref. 2.1,
it is seen that under the worst case scenaric of an accident with grid
dropping from narmal 164KV to the minimum of 153kV, the worst case
voltage on the 6.9kV shutdown boards at t=0+ second is 88.85% of
nominat voltage (Att. 11.3.b of Ref. 2.1) which is above the loss of
voltage relay nominal setting of 87% (Figure 8.3).

Based on the above, the degraded voltage and loss of voltage relays existing
seltings, listed in Section 3.3, are acceptable for Unit 2.

Effect of the starting currents during the Start-Start scenario on the overcurrent
protective devices

5.2.1

522

The effect of starting currents during Start-Start scenario on overcurrent
protective devices for safety related loads required for Unit 1 which
would be actuated for an S| are evaluated in Sections 5.4.3 and 5.4.4 in
the main body of this calculation. Load types considered are motor
loads, Static loads, 120VAC motor control circuits, and MCC 120VAC
distribution panel loads. The evaluation performed in Sections 5.4.3 and

-8.4.4 in the main body of this calculation is typical and, therefore, also

applicable for Unit 2 loads except for the TOLs since the TOLs for Unit 2
loads have been replaced with new TOLs model AR supplied by Square
D {Appendix 8 of Ref. 2.2). Unit 2 TOL evaluation is performed In

" Section 5.2.2 below.

Based on a worst case analysis performed for a 50 HP motor in Section
5.4.4.1.5 in the main body of this calculation, it was determined that a

- typical low voltage MCC motor will fully accelerate in 12 seconds during

start-start scenario, This analysis is also applicable for Unit 2 based on
similarity of U1 and U2 equipment.
A generic review of U2 MCC TOL devices (Square D type AR) is

‘performed to determine if they could trip during the 12 seconds of motor

acceleration. The motor draws a reduced starting current during the
degraded voltage period. "Since the motor starting analysis is performed
with the worst case voltage dip of 320V at the bus, the reduced starting
current is 70% (320/460) of the rated locked rotor current. For the
replacement Square D type AR TOLs installed at WBN Unit 2 on safety-
related loads, a starting current of 525% will trip the TOL in 12 seconds
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(see TOL Time-Current charactiristics in Appendix 8 of Reference 2.2).
The characteristic curve for size 0, 1 starters was conservatively used,
since the current vs time for size 2, 3 and 4 starters are higher.
Additionally, since the accident has just occurred, the eguipment
ambient temperatures are not elevated to 40°C, and there is an
additional margin of 115% in the TOL trip time (see Reference 2.2).
Therefore, at a reduced amhient temperature, the TOL would trip in 12
seconds for a starting current of 604% (525x1.15). The maximum motor
starting current that would yield 604% at degraded voltage is 863%
(604/0.7). Therefore, the analysis evaluates all TOL's for class 1E
motors that start for an accident that have motor starting current greater
than 850% of full load current.

Protective devices are also evaluated for the 6.6kV and 460V safety-
related motors that operate during non-accident conditions. The
evaluation considers that the safety bus voltage is equivalent to
operation at the lower boundary of the degraded voltage relay dropout
The protective devices are evaluated io ensure that operation of the-
safety-related loads can be sustained indefinitely at this voltage without
protective device trip.

6.6KV Motors - The lowest voltage at the boards is 6555V (85% of
nominal 6900V). The increased motor current would be approximately
105% of nominal. All of the protective relays are set 115% nominal and
most at 125% of nominal motor current (Ref. 2.4). The protective relay
(51) is set to alarm only. Therefore, operation at the lower boundary of
the degraded voltage relay dropout setting would not frip the motors.

480V switchgear motors - The lowest voltage at the 480V Shutdown
Boards would be 441 volts or approximately 92% (Attachment 11.3.a of
Ref. 2.1). The increased motor current would be approximately 110% of
normal. All of the switchgear breakers for motors are set above 125% of

" nominal (Ref. 2.2). Therefore, operation at the lower boundary of the

degraded voltage relay dropout setting would not trip the motors.

480V mce motors - The lowest voltage at the 480V mces would be 437
volts or approximately 91% (Attachment 11.3.a of Ref. 2.1). The
increased motor current would be approximately 110% of normal. TOLs
are set above 115% of nominal for motors with SF 1.0 and above 125%
of nominal for motors with SF 1.15 (Ref. 2.2). All motor hreakers are
magnetic only, and are not an issue. Therefore, operafion at the lower
boundary of the degraded voltage relay dropout setting would nct trip the
motors. ,

8| actuated medium voltage (6.6kV) motor loads are evaluated to ensure
that their thermal damage limits are not exceeded during the start-start
event.

This was determined not to be an issue. The medium voltage motors
can start with 80 percent of motor rated voltage of 6600V (i.e. 76.5% of
6800V in ETAP). During the start-start scenario the 6.9kV bus voltage
cannot drop below 87% (Section 3.3) without actuating the loss-of-
voltage relays, which will trip the offsite supply in no more than 1.14
seconds (Figure 8.3). Therefore, the available voltages at the medium
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PAGE 5
voltage motors will be adequate to ensure starting and accelerating of
these loads and will not challenge the motor thermal limits during
starting.

120VAC control power transformer (CPT) fuse time characteristics are
evaluated to determine if the fuse could blow when camrying rated inrush
current of the starter and any other normally energized devices for the
safety analysis time of 11.5 seconds (upper boundary of the degraded
voltage relay time delay, Figure 8.3) or 12 seconds in the start-start
scenario.

During the starf-start scenario, MCC bus voltages are below the levels
used in verifying adequate voltage in control circuit voltage drop
calculation. Control circuits for motors being started, or other loads
being energized, may be at a sustained inrush for the duration of the
start atternpt (6 seconds) before going to the diesels. Consequently
fuses for these circuits must be verified to not actuate for this condition.

Calculation EDQQ0299920080003 {(Appendices J and K of Ref. 2.3) was
reviewed to identify the typical circuit configurations, their worst case
burden during inrush, and the fuse size and presently installed fuses of
type TRM. The current for each circuit was calculated for the burden at
rated voltage.

The inrush currents were then compared with the fuse melting time-
current characteristic (page 8 of this appendix) to determine the melt
times. The results are tabulated in Tables B-1 and B-2. Use of inrush
currents calculated at rated voltage is conservative for constant
impedance devices as the current at degraded voltages will be less. The
acceptance pass-fail criteria required for meliing time is 12 seconds.
From a review of Table B-1 all fuses will carry inrush current for at least
12 seconds and are considered acceptable.

MCC 120VAC distribution panel fuse time characteristics are evaluated

to determine if the fuses melt during the start attempts. It is considered

that circuit compenents required to pick-up during starting will be at
inrush conditions.

Calculation WBNEEBMSTi020020 (Attachment 10.1, 10.2 of R15 of Ref.
2.5 in the main body of this calculation) was reviewed to identify the
worst case inrush at rated voltage on each MCC 120VAC distribution
panel Each panei uses KTK type fuses of the 5 amps size. From a
review of Table B-2 all fuses will carry inrush current for at least 12
seconds and are considered acceptable.

6.0 SUMMARY OF RESULTS

Based on Section 5.0, following is the summary of results:

6.1 Degraded Voltage Relay and Loss of Voltage relay Setpoint

Existing setpoints for the degraded voltage relay and loss of voltage relay are
acceptable.
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6.2 Protective Device Evaluation
6.2.1 Motors Actuated by Sl Signal

As discussed in Section 5.2.1, there is no adverse effect of the start-start
heating on the overcurrent devices on the safety related motors which
would be actuated by safety Injectlon signal and powered from safety
related 6.9kV and 480V switchgears and 480V MCCs under the
degraded voltage conditions.

6.2.2 an-Accident Safety Related Motors

Based on te analysis in Section 5.2.3, operation of safety-related loads
with the 6.9kV Shutdown Board voltage operating at the lower boundary
of the degraded voltage relay, 6555V, will not cause tripping of protective
devices. Static loads {constant impedance) are not considered, since
operation at lower voltage results in less current.

6.2.3 TOL Evaluation

The generic evaluation of TOL's in Section 5.2.2, showed that only
motors having locked rotor current in excess of 850% would have to be
evaiuated further. A review of the WBN ETAP database (Ref. 2.1)
showed that there are no motors with a locked rotor current greater than
850% and start for an accident,

6.2.4 Fuse Evaluation for MCCs 120VAC CPT Circuits and 120VAC
Distribution Panel Loads

Based on Sections 5.2.5 and 5.2.6, fuses for all 120VAC CPT Circuits
and 120VAC Distribution Panel loads are acceptable and will not blow or
melt during the 12 seconds criteria during a start-start scenario.

6.3  The upper boundary limit for the time delay is 11.5 seconds (Figure 8.3), which is
the maximum total time allowed for loss of voltage detection and emergency diesel
generator start. Based on the above evaluations, it has been determined that
protective devices will not trip prior to 12 seconds for start-start operation of motors
at a degraded voltage at which time disconnection from offsite power and
reconnection to the emergency diesel generators occurs.

CONCLUSIONS
The above analyses have demonstrated that in the event of degraded voltage

conditions, all safety related loads required for safe shutdown of the unit will be
available and perform their intended safety function.
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Acceleration of Typical Class 1E Motors; Motor Voltage at 320 V
Diesel Generator Breaker Close @ 10 Sec.
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Acceleration of Typical Class 1E Motors; Motor Voltage at 320 V
Diesel Generator Breaker Close @ 11.5 Sec.
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