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Added a time delay setting for the diesel 1oad sequencer undervoltage

relays (27D's) to prevent false diesel starts due to system transients.
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A. PROBLEM:__petermine the settings for all essential diesel [04?éa?

generator and sequencer relays.

B. RELATIONSHIP TO NUCLEAR SAFETY: The relays are a portion of

the Essential Power Distribution System for Catawba Nuclear

Station.

€. DESIGN METHODS: set the relays to protect the Diesel Generator

whenever it is operating and the sequencer undervoltage relays to

initiate sequencer operation.
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APPLICABLE CODES AND STANDARDS (Name, Number, Date, Revision):

None

OTHER DESIGN CRITERIA:

1) RE-3.01 -- Relaying - Auxiliary Systems - Equipment Protection

Settings

RELATED SAR éRITERIA (PSAR or FSAR, Page, Aﬁendment)

8.3.1.1.3.4 - Diesel Generator Protection Systems
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Station Catawba Nuclear Station _ Unit 1&2 Rev. _12 File No. Sheet 1 Of 1
Subject Class 1E Diesel Protective Relaying and Sequencer Undervoltage Relay Settings

By Date_jpf2 /4
Prob. No. __ CNC-1381.05-00-0017 Checked By Date

DIESEL GENERATOR BREAKER (1ETA18, 1ETB18, 2ETA18,
& 2ETB18) INSTANTANEOUS OVERCURRENT RELAY TRIP
(50DGT).

Relay Type: ITE 50, 2-20 Amp tap range, Catalog # 218T0641,
Reference Instruction Booklet IB-18.2.7-1 ISSUE G.

The 50DGT is utilized to protect the Emergency Diesel Generators
from adverse overcurrent conditions during parallel operations by
tripping its associated breaker and providing an alarm. When the D/G
is running unparalleled (ex. during an emergency condition on an
isolated bus), the SODGT provides only an alarm to warn of an
overcurrent condition. The relay is set at 121% of full load current
(based on 7000 kW generator rating, instead of 5750 kW derated
value) in order to prevent spurious trips during testing.

1200

Current Transformer (CT) Ratio = - 240

8750 kVA

D/G Full Load Current = —————
JIxa16kV

= 1%14.4 Amps

D/GFLA _ 12144

CT Ratio 240 >-06 Amps

CT Secondary Current

Pickup Value = 1.21 x CT Secondary Current
'=1.21 x 5.06 Amps
=6.12 Amps

PICKUP SETTING = 6.1 AMPS




Station Catawba Nuclear Station _ Unit 1&2 Rev. _12_File No. Sheet 2.0f _ 21
Subject _Class 1E Diesel Protective Relaying and Sequencer Undervoltage Relay Settings

By Date /042 (95
Prob. No. _ CNC-1381.05-00-0017 Checked By 2?@ Date,

DIESEL GENERATOR VOLTAGE CONTROLLED
OVERCURRENT (51V) RELAY

Relay Type: Westinghouse COV-8, Range: 4-12 Amps, Catalog #
1876244, Reference Instruction Booklet I.L.. 41-116E.

The Voltage Controlled Overcurrent (51V) relays are used in a two out
of three logic scheme to isolate the generator from faults on the 4160
volt essential switchgear bus. These relays operate only when the
voltage drops below a selected level (set at 80% of rated voltage).

This allows the relays to operate on overcurrents caused by faults
which cause large voltage drops, possibly resulting in generator
damage. The overcurrent unit should be set at maximum permissible
overload for the generator.

PT Ratio = 2290 _ 35
120

To determine Full Load Amps, use 7.5 MVA, 6.9/4.16 kV transformer
rating.

FLA = 1S MVAX1000 _ 1040 Amps
V3 xal6kyV

FlLA _ 1041 Amps — 4.34 Amps
CT RATIO 240

CTseconpary 1=

Select Tap 5 Time Dial 5 2.05 sec@500%
Note: Even though the generator’s rated full load current is 1214 .4

Amps, the relay setting is based on the 7.5 MVA transformer rating.
The Diesel Generator is provided as a backup to this transformer. In

IR % B A A A




Station Catawba Nuclear Station  Unit 1&2 Rev. __12 File No. Sheet 3 Of __21
Subject _Class 1E Diesel Protective Relaying and Sequencer Undervoltage Relay Settings

By Date_12/e{9S
Prob. No. _ CNC-1381.05-00-0017 Checked By z@ Date ZZZZ / Z/ -

addition, the Diesel Generator switchgear breaker is rated at 1200
Amps. .

The attached thermal damage curve has been plotted as time vs.
current, rather than time vs. P.U. rated KVA in order to permit plotting
both the thermal damage and relay curves on one graph.
The following table gives the values for the thermal damage curve
(Sp= 8750 KVA, Vg =4.16 KV):
S(KVA) I(Amps Time(secs)
1. 8750 -

- 1. 9625 -
1. 10,500 930
1.3 11,375 294
1.4 12,250 126

1.45 12,687.5 87
1.49 13,0375 66

S

Note: S=Spyx Sg; 1= N,
51V Settings: Amp Tap =5 Amps
Time Dial = 2.05 sec @ 500%
Voltage Tap = 96 Volts

Since the relay trips the D/G Breaker via 2 out of 3 logic, it is desirable
for it to trip before the incoming breaker (when paralleled) but after the
feeder breakers have an opportunity to trip and clear the fault.
Therefore, the time dial was chosen to coordinate with the incoming
breaker relay (when the D/G is paralleled) and the worst case feeder
breaker (4.16 KV Essential Feeder to the 4.16 Blackout Switchgear)
relay.

el
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Station Catawba Nuclear Station  Unit 1&2 Rev. _ 12 File No. Sheet _& Of 1
Subject _Class 1E Diesel Protective Relaying and Sequencer Undervoltage Relay Settings

By Date
Prob. No. _ CNC-1381.05-00-0017 Checked By Z?]Z Date /,

DIESEL GENERATOR NEUTRAL OVERVOLTAGE (59DGN)
RELAY

Relay Type: ITE 59G; Tap Range: 3-18 V; Catalog # 211E1175;
Reference Instruction Book IB-18.4.7-2, Issue C

The 59DGN Relay is used to initiate an alarm, and trip the D/G
breaker (if the D/G is paralleled to the essential bus) when ground
current appears in the generator neutral grounding transformer. The
pickup voltage should be approximately 5% of the maximum ground
fault voltage. The time dial setting should be a moderately inverse
curve to give a slight time delay for minimum pickup voltages and a
relatively fast pickup for ground voltages of approximately 15% or
higher.

Grounding Transformer: 10 KVA, 4160/120 VAC

Grounding Resistor: 1.08 Q, 600 Volts, 84 Amps (From Calculation
CNC-1381.05-00-0009 and CNM-1301.00-0245, CE-3608)

Transformer Ratio =4160/120 =34.67 =N

Voltage across resistor during a line to ground fault is:

vV 4160

Vsge = —— = = 69.28 Volt
SECT AN J3(3467) o

Pickup Setting~ .05 x 69.28 V=346V

59 DGN Settings: 3 Volts
Time Dial 4; 2 secs @ 300 %




Station Catawba Nuclear Station  Unit 1&2 Rev. 12 File No. Sheet _7 Of 1
Subject Class 1E Diesel Protective Relaying and Sequencer Undervoltage Relay Settings

By Date_ {
Prob. No. _ CNC-1381.05-00-0017 Checked By @ Date

DIESEL GENERATOR CURRENT DIFFERENTIAL (87G)
RELAY:

Relay Type: Westinghouse SA-1, 0.14 Amp Minimum Pickup, Catalog
# 290B225A10, Reference Instruction Booklet I.L. 41-348.1F.

CT Ratio: 1200/5

This is an instantaneous relay and therefore requires no setting.

G e




Station Catawba Nuclear Station _ Unit 1&2 Rev. _12 File No. Sheet 8 Of __ 21
Subject Class 1E Diesel Protective Relaying and Sequencer Undervoltage Relay Settings

Dat
Prob. No. __ CNC-1381.05-00-0017 Checked By % Date//

DIESEL GENERATOR REVERSE POWER (32DGT) RELAY:

Relay Type: CW Power Relay, Tap Range: 2-20 Watts, Catalog #
289B988A17, Reference Instruction Booklet I.L. 41-241.3].

The 32DGT relay is used to protect the Diesel Generator from
motoring should a loss of prime mover occur when the generator is
paralleled with the essential bus. To determine the pickup power
setting, determine the power consumption under motoring conditions,
as specified by the generator manufacturer.

1200 4200

CTRatlo— — =240 PT Ratio= —— =35
5 120

Motoring Levels of Diesel Generator (See attached Vendor Data):
a) Loss of Prime Mover (Fuel). 1=1000A, P.F.=0.05

b) Diesel Generator at standstill when it is accidently tied to live bus:
[=9900 A, PF.=0.10

c) Diesel Generator operating in parallel with system and a loss of
excitation occurs: 1=330 A, PF.=0.05

To determine the Power Tap Setting, calculate minimum power
available from motoring levels of the Diesel Generator. (Note: the loss

" of excitation motoring level will not apply due to a 40DGT, Loss of
excitation, relay being provided.)

The minimum power available during motoring will occur during the
loss of prime mover.

Vit = PT Secondary Line to Line Voltége =120 Volts

]




Station Catawba Nuclear Station  Unit 1&2 Rev. _ 12 Fite No. Sheet _q Of 1
Subject _Class 1E Diesel Protective Relaying and Sequencer Undervoltage Relay Settings
Date £1

Prob. No. __CNC-1381.05-00-0017 A4 Dat

Von= PT Secondary Line to Neutral Voltage = 1%)

P;, = Power per phase on secondary =1, x VLN X PF.
I; = 1000 Amps I; = 1000/240 = 4.17 Amps

120

qu, =417 x f

x .05

Watt Tap Setting = +3 x 4.17 x 222 x .05 =25.02 Watts

NE)

Select Watt Tap = 20 Watts

Time Delay Setting = 3 Secs @ 200 %
ICS Setting = 2.0 Amps

Time Dial Setting = 3

Note: 1 second delay at 200% should be sufficient to overnide any
transient conditions. However, experience has shown that a 3 second
delay should prevent the spurious trips detailed by minor mods CE-
3592 and CE-3592.
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May 10, 1977

Duke Power Company
P. 0. Box 2178
Charlotte, North Carolina  2B242

Attention: Mr. R. H. Wright

Subject: Catawba Nuclear Station Units 1 and 2
Diesel Generators (CN1301.00)
Mill Power No. .C-20660 :
De Laval S/N 75017/20

Gentlemen:

In reference to your letter of March 9, 1977 regarding generator
motoring conditions, we are enciosing in the attached the currents
and power factors under the conditions you mentioned. As stated
in your letter the generator would be connected to a live 4160
volt bus, therefore, we expect this to be voltage under the con-
ditions postulated.

A thermal damage curve for the subject generator is also enclosed.
Very truly yours,

"DE LAVAL TURBINE INC.
Engine & Compressor Division

A. Raf Al

A. Rafalski
Project Engineer

AR:1jj

cc: C. A. Newell
€. H. Moeller

Enclosures

CECRCTEE e 3 Y oI
L& AVAL TURBINE INC
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DIESEL . GENERATORS 1A & 18
4/20/77

- While generator is connected to an energized 4160 Volt
bus. The current and power factor under the fo]low1ng
conditions of mete@ring will be as follows:

aj) LOsa'uf'“vlwe mover - When full load field
current was being applied IL3= 1000 Amps, P.F. = ,0&

b) Diesel engine at standstill when generator is
accidentally tied to live bus (neglecting the
effect of diesel engine coupled tc generator,
the generator will start as motor.

Locked rotor current = 9900 Amps
Locked rotor P.F. = .10

. €) Diesel gcnerator operating in para]le] with sy%tcm -
' a loss of excitation occurs.

Diesel generator running at synchronous spced will
draw magnectization current from the bus.

po-t g

I = 330 Amps, P.F..= .05 St
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DIESEL GENERATOR LOSS OF EXCITATION (40DGT)
RELAY:

Relay Type: GE CEH Loss of Excitation Relay, Tap Range: Offset 0-
4 ohms, Characteristic circle diameter: 5-50 ohms, Single mho unit,
catalog # 12CEH51A4A, Reference Instruction Booklet GEK-27887C
(Taps 0,0.5,1.0,2.5,4.0)

The 40DGT Relay is used to protect the diesel generator from damage
should a loss of excitation occur. The relay is used to initiate an alarm,
and trip the D/G breaker (if the D/G is paralleled to the essential bus).

There are two settings that must be made on the CEH 51A relay. They
are the Offset Tap Setting and the Circle Diameter Restraint Tap
Setting. Per Instruction Booklet GEK-27887C, the following Offset
and Diameter settings aré recommended:

Offset = One half of the transient reactance = X'y/2
Diameter = Synchronous reactance = Xy
The following information is required to make settings:-

Transient reactance = X'3=0.170 pu

Synchronous reactance = Xg = 1.030 pu

Base MVA = Generator rating = 8.750 MVA

Base KV = Generator rating =4.16 KV

CT Ratio = 1200/5 = 240

PT Ratio = 4200/120 = 35

(KV gz ) "x CT Ratio _ (416kV)* _ 240
MVA,,, . PTRatio 8ISMVA . 35

= 13.56 Qseconpary

ZBASE (sec) =

N O S RS-
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X'd(sec) = (ZBASE) X (X'd pll) =13.56x0.170 =2.31 QSECONDARY

Xd(sec) = (ZBASE) X (Xd pU) =13.56x 1.030 = 13.97 QSECONDARY
12CEH51A4A is a 5-50 ohm relay with a 0.5-4.0 ohm offset.

A)  Offset Tap (Offset setting is the difference between the two
offset taps used):

X 2231 1150
2 2

Use the next higher setting: 1.5 Q
. Set “L” lead on 1.0 and “H” lead on 2.5

Set Restraint Tap to value corresponding to actual synchronous
reactance of machine in secondary ohms (X4 = 13.97 Q).

(Basic Minimum Diameter)x100
(Desired Diameter in Secondary Ohms)

Restraint Tap Setting (%) =

_ 5x100
1397

=35.79%

Use next lower tap: 35 %

Set upper number one lead on tap 5.
Set lower number one lead on tap 30.
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7. DIESEL GENERATOR LOAD SEQUENCER UNDERVOLTAGE (27) RELAYS: 27XA, 27YA, 277A,
27XB, 27YB, 27ZB

Relay Type ITE 27D, Tap Range 60-110 Volts, Time Delay: 0.1-1.0 seconds, Catalog # 211R6175,
Reference Instruction Booklet IB- 18.4.7-2 Issue E.

These devices are applied on the 4.16 kV essential switchgear and are located on the Diesel
Generator Load Sequencer Panels 1DGLSA-1, 1DGLSB-1, 2DGLSA-1 and 2DGLSB-1. The relays
use 2 out of 3 logic to detect loss of power on the respective essential bus.

The Diesel Generator Load Sequencer undervoltage relays are installed to initiate an Essential
Diesel Generator Start signal for loss of voltage on the 4.16 kV Essential switchgear. Loss of
voltage should be sensed as soon as practical to permit system separation and connection to
the emergency Diesel Generators. The setpoint (drop out) for loss of voltage (LOV) is assumed
to be above the 80% rated starting voltage capabilities of the 4.16 kV essential motors. {80% of
4 kV = 3200 volts). The 100 volt tap was selected since it equates to 3500 volts (84.1% of 4.16
kV nominal system voltage} when referred to the primary of the 4200/120 volt potential
transformers (PT ratio = 4200/120 = 35/1).

A time delay is employed to prevent unnecessary diesel starting during system transients. Since
experience indicates that system transients typically are shorter than 10 cycles, the time delay
should be set to:

Td =10 cycles/60Hz = 0.167 seconds

SITA 91-01(CN) identified no evidence was found that all possible errors {calculation,
calibration, PT's, relay), as well as drift, were included in determining the minimum acceptable
value or relay drop out setpoint. PIP 0-C91-0028 (PIR 0-C91-0381} addressed the degraded
voltage relay (DGVR) setpoint calculations in detail but the LOV setpoint and allowable
Technical Specification value were only briefly mentioned.

The Channel Uncertainty (CU) analysis below is performed with the square root sum of the
squares methodology per typical fleet practice and review of Reference 2. The scope section of
EDM 102, Rev 3 {Instrument Setpoint/Uncertainty Calculations) states that EDM 102 is not

specifically applicable to protective relaying.
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LAR implementation for the LOV nominal and allowable value setpoint changes. Pages 16, 17, “’/'/’ 4
18, 18a, 18b, 18c and 21 are pre-LAR implementation.

7. DIESEL GENERATOR LOAD SEQUENCER UNDERVOLTAGE (27) RELAYS: 27XA, 27YA, 27ZA,
27XB, 27YB, 27ZB

Relay Type ITE 27D, Tap Range 60-110 Volts, Time Delay: 0.1-1.0 seconds, Catalog # 211R6175,
Reference Instruction Booklet IB- 18.4.7-2 1ssue E.

These devices are applied on the 4.16 kV essential switchgear and are located on the Diesel
Generator Load Sequencer Panels 1DGLSA-1, 1DGLSB-1, 2DGLSA-1 and 2DGLSB-1. The relays
use 2 out of 3 logic to detect loss of power on the respective essential bus.

The Diesel Generator Load Sequencer undervoltage relays are installed to initiate an Essential

Diesel Generator Start signal for loss of voltage on the 4.16 kV Essential switchgear. Loss of

voltage should be sensed as soon as practical to permit system separation and connection to

the emergency Diesel Generators. The setpoint (drop out) for loss of voltage (LOV) is selected

to be above the 80% rated starting voltage capabilities of the 4.16 kV essential motors. (80% of e v. 17
4 kV = 3200 volts). The 100 volt tap was selected since it is closest to the setpoint of 3450 volts 4,,.30
(82.9% of 4.16 kV nominal system voltage) when referred to the primary of the 4200/120 volt ,,/, (I‘/
potential transformers (PT ratio = 4200/120 = 35/1).

A time delay is employed to prevent unnecessary diesel starting during system transients. Since
experience indicates that system transients typically are shorter than 10 cycles, the time delay
should be set to:

Td =10 cycles/60Hz = 0.167 seconds

SITA 91-01(CN) identified no evidence was found that all possible errors (calculation,
calibration, PT's, relay), as well as drift, were included in determining the minimum acceptable
value or relay drop out setpoint. PIP 0-C91-0028 (PIR 0-C91-0381) addressed the degraded
voltage relay (DGVR) setpoint calculations in detail but the LOV setpoint and allowable
Technical Specification value were only briefly mentioned.

The Channel Uncertainty (CU) analysis below is performed with the square root sum of the
squares methodology per typical fleet practice and review of Reference 2. The scope section of
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Channel Uncertainty (CU)

1) (VV) Voltage Variation - The 27D undervoltage relay has the foilowing rating of variation in
operating voltage for variation in control power voitage supplied to the relay:. £0.2V change in
operating voltage for 10V variation in control power voltage (Reference 1). The worst case
voltage drop for the Vital Instrumentation and Control Power System occurs with a concurrent
safety injection actuation and a loss of offsite power. The bounding scenario being modeled
for this relaying is a safety injection actuation with offsite power still available. When offsite
power is still available the Vital Instrumentation and Control Power System battery chargers will
limit the voltage drop magnitude and duration. This analysis is being performed for the worst
case conditions so that it is a bounding analysis. The worst case voltage drop according to
Reference 5, will be from 132 volts to 115 volts. 132 - 115 = 17 volts.

LWV =0.2V/10V X 17V = £0.34V

2) (TV) Temperature Variation - The 27D undervoltage relay has the following rating for
variation in temperature: +0.5V over the temperature range of 20-40 degrees C (Reférence 1).
The expected temperature range for the Diesel Generator tunnel areas where these relays are
located is 35 - 120 degrees F, per Reference 3. In the event of a LOCA or other accident
requiring Safety Injection Actuation the Diesel Generator tunnel areas will not see any
significant change in location temperature at the beginning of the event. Per Reference 2 it is
only necessary to consider process and environmental conditions that occur during the
postulated event. The Diesel Generator tunnel areas are not expected to exceed 40 degrees C
(104 degrees F) during the time frame the 27D relays are required to operate. The typical
temperature tolerance of £0.5V for the temperature range of 20 - 40 degrees C will be used in
this calculation. |

TV =10.5Vv.

3) 27D relay accuracy - Operating voltage is adjusted as required at each test interval by
accurate and proven digital test equipment. No separate uncertainty is assigned for error in
sensing the correct magnitude of source voltage. Per discussion with ABB Technical Support
personnel, only the VV and TV terms discussed above are applicable for a 27D relay tested and
calibrated in this manner. Relay drift between test intervals is addressed separately below.
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EDM 102, Rev 3 (Instrument Setpoint/Uncertainty Calculations) states that EDM 102 is not
specifically applicable to protective relaying.

Channel Uncertainty (CU)

1) (VV) Voltage Variation - The 27D undervoltage relay has the following rating of variation in
operating voltage for variation in control power voltage supplied to the relay: +0.2V change in
operating voltage for 10V variation in control power voltage (Reference 1). The worst case
voltage drop for the Vital Instrumentation and Control Power System occurs with a concurrent
safety injection actuation and a loss of offsite power. The bounding scenario being modeled
for this refaying is a safety injection actuation with offsite power still available. When offsite
power is still available the Vital Instrumentation and Control Power System battery chargers will
limit the voltage drop magnitude and duration. This analysis is being performed for the worst
case conditions so that it is a bounding analysis. The worst case voltage drop according to
Reference S, will be from 132 volts to 115 volts. 132 - 115 = 17 volts.

VV =0.2V/10V X 17V = 10.34V

2) (TV) Temperature Variation - The 27D undervoltage relay has the following rating for
variation in temperature: *0.5V over the temperature range of 20-40 degrees C (Reference 1).
The expected temperature range for the Diesel Generator tunnel areas where these relays are
located is 35 - 120 degrees F, per Reference 3. In the event of a LOCA or other accident
requiring Safety Injection Actuation the Diesel Generator tunnel areas will not see any
significant change in location temperature at the beginning of the event. Per Reference 2 it is
only necessary to consider process and environmental conditions that occur during the
postulated event. The Diesel Generator tunnel areas are not expected to exceed 40 degrees C
(104 degrees F) during the time frame the 27D relays are required to operate. The typical
temperature tolerance of £0.5V for the temperature range of 20 - 40 degrees C will be used in
this calculation.

TV =10.5V.

3) 27D relay accuracy - Operating voltage is adjusted as required at each test interval by
accurate and proven digital test equipment. No separate uncertainty is assigned for error in
sensing the correct magnitude of source voltage. Per discussion with ABB Technical Support
personnel, only the VV and TV terms discussed above are applicable for a 27D relay tested and
calibrated in this manner. Relay drift between test intervals is addressed separately below.
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4) Seismic - Since the ABB Type 270D relay is a solid state device and has no electro-mechanical
parts, it is not expected to experience degradation of performance during a seismic event. This
term is not applicable.

5) Radiation - The undervoltage relays are located in a Mild EQ environment per Reference 3.
The low radiation dose rates are not expected to affect performance. Also, any potential
cumulative effects are minimized by adjustments made during periodic calibrations. This term
is not applicable.

6) (RD}) Relay drift - Drift is a variation in instrument channel output that may occur between
calibrations that cannot be related to changes in the process variable or environmental
conditions. The best source data for relay drift is from detailed calibration records. Relay
specific calibration records from the past 11 monthly calibrations were reviewed for use in
updating this analysis. The data points that were reviewed were the AS LEFT dropout voltage
for one month compared to the AS FOUND dropout voltage at the next monthly check. This
review shows that the average drift between monthly calibrations is 0.1V. The maximum drift
measured for the complete set of calibration data on all four trains was 0.7V. Based on this
operating experience a relay drift value of 0.7V will be used in this analysis.

RD =+0.7V

7) (VT) Potential transformer accuracy - The potential transformer providing sensing voltage to
the 270 relay has a rated accuracy of +0.3% of the indicated voltage per Reference 4. For
conservatism this uncertainty term will be calculated based on the Degraded Voltage Relay
Allowable Value. Per Reference 7 this minimum value for operation of the Degraded Voltage
Relays is 3738V or 106.8V on the potential transformer secondary.

VT =106.8 X .003 = +0.32V

8) {MTE) Measuring and Test Equipment - The controlling procedures for calibration of the 27D
Loss of Voltage Relays (IP/1(2)/A/4971/010) require the relays be tested and calibrated with a
Doble Model F6150 test set. The accuracy of the test set is +0.5% of setting per Reference 6.

MTE = 100 X .005 = £0.5V

All of the terms assigned values above are random independent variables, with the exception of
relay drift which is treated as a bias.
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4) Seismic - Since the ABB Type 27D relay is a solid state device and has no electro-mechanical
parts, it is not expected to experience degradation of performance during a seismic event. This
term is not applicable.

5) Radiation - The undervoltage relays are located in a Mild EQ environment per Reference 3.
The low radiation dose rates are not expected to affect performance. Also, any potential
cumulative effects are minimized by adjustments made during periodic calibrations. This term
is not applicable.

6) (RD) Relay drift - Drift is a variation in instrument channel output that may occur between
calibrations that cannot be related to changes in the process variable or environmental
conditions. The best source data for relay drift is from detailed calibration records. Relay
specific calibration records from the past 11 monthly calibrations were reviewed for use in
updating this analysis. The data points that were reviewed were the AS LEFT dropout voitage
for one month compared to the AS FOUND dropout voltage at the next monthly check. This
review shows that the average drift between monthly calibrations is 0.1V. The maximum drift
measured for the complete set of calibration data on all four trains was 0.7V. Based on this
operating experience a relay drift value of 0.7V will be used in this analysis.

RD = +0.7V

7) (VT) Potential transformer accuracy - The potential transformer providing sensing voltage to
the 27D relay has a rated accuracy of £0.3% of the indicated voltage per Reference 4. For
conservatism this uncertainty term will be calculated based on the Degraded Voltage Relay
Allowable Value. Per Reference 7 this minimum value for operation of the Degraded Voltage
Relays is 3738V or 106.8V on the potential transformer secondary.

VT =106.8 X .003 = £0.32V

8) (MTE) Measuring and Test Equipment - The controlling procedures for calibration of the 27D
Loss of Voltage Relays (IP/1(2)/A/4971/010) require the relays be tested and calibrated with a
Doble Model F6150 test set. The accuracy of the test set is 0.5% of setting per Reference 6. e 17
. ‘ .
Zad
MTE = 98.5 X .005 = £0.493V : O
v/

All of the terms assigned values above are random independent variables, with the exception of
relay drift which is treated as a bias.
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CU =+ SQRT (VV?*+ TV? + VT? + MTE?) + RD

CU = #SQRT (0.34%* + 0.5* + 0.322 + 0.5%) + 0.7

CU =#SQRT (0.1156 + 0.25 + 0.1024 + 0.25) + 0.7
CU = #SQ RT (0.718) + 0.7

CU =+0.847 + 0.7

CU = $1.6V

The purpose of this calculation revision is to correct inappropriate input data for the
uncertainty associated with the 27D Loss of Voltage Relay. The positive and negative
uncertainty will be applied in reference to the Technical Specification Nominal Trip Setpoint
value of 3500V. This revision does not involve any proposed change to the nominal trip
setpoint.

NOTE: The term "pickup” for a 27D relay refers to the voltage where the relay will operate to
indicate a loss of voltage. Per Reference 7 the nominal trip setpoint for the LOV relays is 3500V.
The pickup setpoint must be converted to the equivalent 120V base relay setting across the VT
ratio, 4200/120.

Actual setpoint = 3500 X 120/4200 = 100V

Therefore, due to CU, the setpoint could vary in the following range
Pickup + CU = 100 + 1.6 = 101.6V

Pickup - CU = 100 - 1.6 = 98.4V

Since the CU is calculated using square root sum of the squares method, there is the possibility
that the actual error (and drift) could be more than calculated.

The difference between the LOV relay pickup and dropout, deadband, is approximately 3% or
3.0V (3% of 100 V setting) and is not adjustable (Reference 1). The reset point should be
estimated by the following equation:
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CU =+ SQ RT (VV2 + TV2 + VT2 + MTE?) + RD

CU = +SQ RT (0.34% + 0.5% + 0.322 + 0.4932) + 0.7
CU = +SQ RT (0.1156 + 0.25 + 0.1024 + 0.243) + 0.7
CU =+SQRT (0.711) + 0.7

CU=%0.843+0.7

CU = £1.54V

The positive and negative uncertainty will be applied in reference to the Technical Specification
Nominal Trip Setpoint value of 3450V.

NOTE: The term "pickup" for a 27D relay refers to the voltage where the relay will operate to

indicate a loss of voltage. Per Reference 7 the nominal trip setpoint for the LOV relays is 3450V.

The pickup setpoint must be converted to the equivalent 120V base relay setting across the VT
ratio, 4200/120.

Actual setpoint = 3450 X 120/4200 = 98.5V

Therefore, due to CU, the setpoint could vary in the following range
Pickup + CU =98.5 + 1.54 = 100.04V

Pickup -CU=98.5-1.54= 96:96V

The difference between the LOV relay pickup and dropout, deadband, is approximately 3% or
3.0V (3% of 98.5 V setting) and is not adjustable (Reference 1). The reset point should be
estimated by the following equation:

Reset = pickup X percent deadband

Reset = 98.5 X 1.03 =101.5V

¥4
|Q¢\’"

7

¥
|1zc\’"



Station Catawba Nuclear Station Unit 1&2 Rev 16 Sheet 18bof 21
Subject Class 1E Diesel Protective Relaying and equencer Undervoltage Relay Settings

File No.

Reset = pickup X percent deadband

Reset = 100 X 1.03 = 103V

Therefore, due to CU, the reset could vary in the following range:
Reset+CU=103+ 1.6 =104.6

Reset-CU=103-1.6=101.4

The time delay should remain set to 10 cycles to prevent unnecessary diesel starting during
brief system transients. An acceptable tolerance of £1 cycle is provided based on the
manufacturing accuracy of £10%.

The relay shall be set as follows:
PICKUP TAP: 100V
PICKUP VOLTAGE: 100V 10V
TIME DELAY: 10 Cycles, 0.167 sec.

The setting tolerance is £0.0V so that the relays will be set to exactly the proper setpoint.
However, when the setpoint is examined after setting the relay or for calibration check it may
drift by the amount described below.

Drift associated with the relay
Drift = £5Q RT (VV2 + TV?) + RD
Drift = £SQ RT {0.342 + 0.5%) + 0.7

Drift = £1.3V

Therefore, the setpoint should remain within the range (setpoint + drift).

Actual pickup setpoint + drift = 100 + 1.3 =101.3

Actual pickup setpoint - drift = 100 - 1.3 =98.7
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Therefore, due to CU, the reset could vary in the following range:
Reset + CU =101.5 + 1.54 = 103V
Reset - CU = 101.5- 1.54 = 100V

The time delay should remain set to 10 cycles to prevent unnecessary diesel starting during
brief system transients. An acceptable tolerance of 1 cycle is provided based on the
manufacturing accuracy of £10%.

The relay shall be set as follows:
PICKUP TAP: 10QV
PICKUP VOLTAGE: 98.5V

TIME DELAY: 10 Cycles, 0.167 sec.

The setting tolerance is £0.0V so that the relays will be set to exactly the proper setpoint.
However, when the setpoint is examined after setting the relay or for calibration check it may
drift by the amount described below.

Drift associated with the relay

Drift = £SQ RT (VV? + TV?) + RD

Drift = +SQ RT (0.34% + 0.5%) + 0.7

Drift =+1.3V

Therefore, the setpoint should remain within the range (setpoint + drift).
Actual pickup setpoint + drift =98.5 + 1.3 =99.8

Actual pickup setpoint - drift =98.5- 1.3 =97.2

‘§¢V.I7



Station Catawba Nuclear Station Unit1&2 Rev 16_ Sheet ]§c of 2)

Subject Class 1E Diesel Protective Relaying and Sequencer Undervoltage Relay Settings
File No. CNC-1381.05-(_)_0-0017 Orig By Y Date 12-
Checked By Z. FmD Date /o

Although the pickup setpoint has a £0.0V setting tolerance, £0.5V is an expected range for
setpoint drift. If the relay setpoint drift is greater than 0.5V and less than 1.3V a calibration is
required. If the relay were to drift more than 1.3V, Engineering should be notified and the relay

re-calibrated.

References:

IB 18.4.7-2, Issue E, ABB Single Phase Voltage Relays Instructions
ANSI/ISA-67.04.01-2006 (Setpoints for Nuclear Safety-Related Instrumentation)
CNLT-1780-03.03, Rev. 30, Environmental Qualification Criteria Manual
CNM-1312.02-0054.001, Rev. D11, 4160V Switchgear Instruction Book
CNC-1381.05-00-0122, Rev. 5 (Station Blackout Battery Sizing Calculation for the 125
VDC Vital 1&C Batteries)
DPC-1210.04-00-0005, Rev. 4 (Measuring and Test Equipment (M&TE) Uncertainties)
Attachment 36

. Technical Specification 3.3.5 (Loss of Power {(LOP) Diesel Generator (DG) Start
Instrumentation)




#"'(

Station Catawba Nuclear Station Unit 1&2 Rev17_ Sheet ___ of __)__(

Class 1E Diesel Protective Relaying and Sequencer Undervojtage Relay Settings
File No. CNC-1381.05-00-0017 Orig By 2, -.ﬁ.% Date ¥7fl7/c/
Checked By R4AD ioBard Date Qr[&;

Although the pickup setpoint has a 0.0V setting tolerance, +0.5V is an expected range for
setpoint drift. If the relay setpoint drift is greater than 0.5V and less than 1.3V a calibration is

Subject

required. If the relay were to drift more than 1.3V, Engineering should be notified and the relay

re-calibrated.

References:

Ve wNe

IB 18.4.7-2, Issue E, ABB Single Phase Voltage Relays Instructions
ANSI/ISA-67.04.01-2006 (Setpoints for Nuclear Safety-Related Instrumentation)
CNLT-1780-03.03, Rev. 30, Environmental Qualification Criteria Manual
CNM-1312.02-0054.001, Rev. D11, 4160V Switchgear Instruction Book
CNC-1381.05-00-0122, Rev. 5 (Station Blackout Battery Sizing Calculation for the 125
VDC Vital 1&C Batteries)

DPC-1210.04-00-0005, Rev. 4 (Measuring and Test Equipment (M&TE) Uncertainties)
Attachment 36

Technical Specification 3.3.5 (Loss of Power (LOP) Diese! Generator (DG) Start
Instrumentation) as amended by LAR from PIP C-12-5680.

Technical Specification 3.3.2, Table 3.3.2-1, Item 6.d (Auxiliary Feedwater Actuation on
Loss of Offsite Power) as amended by LAR from PIP C-12-5680.

Historical PIPs: C-11-8526, C-11-8680, C-12-5423, C-12-5424, C-12-5680
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DIESEL GENERATOR LOAD SEQUENCER SPECIAL
UNDERVOLTAGE (27) RELAYS: 27XA/SPL, 27XB/SPL-

: A28
Relay Type: ITE 27H, Tap Range 60-110 Volts, Catalog #L4HR°"*5,
v 211B0175D, Reference Instruction Booklet IB-18.4.7-2, Issue C.

These relays are applied on the 4.16 KV essential switchgear and are
located in the Diesel Generator Load Sequencer Panels 1DGLSA-1,
1DGLSB-1, 2DGLSA-1, and 2DGLSB-1. The relays allow an
accelerated sequence and take the sequencer out of test mode should a
blackout occur.

The setting of these relays should be above that of the three sequencer
27D relays. They are set as follows:

PT Ratio = 4200/120 = 35
Choose Pickup = 110 Volts; This is equal to: 35 x 110 = 3850 Volts

3850/4160 = .925; This corresponds to 92.5 % of nominal voltage.

Rg,v IS
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ASSUMPTIONS

4.16 KV Essential Switchgear bus voltage less than 3500 Volts (LVR
Dropout Setpoint) is indicative of loss of bus voltage.

REFERENCES

4.16 XV Essential Switchgear I/B, CNM-1312.02-00-0054
ITE Protective Relays I/B, IB-18.2.7-1, Issue G

Westinghouse Relay I/E, IL 41-116E

ITE Protective Relays I/B, IB-18.4.7-2, Issue C & D
Westinghouse Relay I/B, 1L 41-348.1F

Westinghouse Relay I/B, IL 41-241.3]

GE Relay I/B, GEK-27887C

230 KV Switchyard Protective Relay Calculation, EX/

PN AEWD =

CNC-1381.06-00-0037. Igsu. €
1B ;8.4.V~2AW. i)

Q. BB Proteche R
lo. BB Protechue

S eg,.cNMI312 H-000).00|
1. Pretechie. %a, TIB%\-'DG‘ 3. DG Load %

Descphve Bullehn 41-231S

s
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J.  CONCLUSIONS

Date éjlé / 12,

RELAY ANSI NO. &
FUNCTION

CODE #

MANUFACTURER, TYPE,
CATALOG #, RANGE

SETTING

1 50 DGT, Diesel

Generator Instantaneous
Overcurrent

ITE Type 50, Catalog #
218T0641, 2-20 Amps

Tap: 6.1 Amps

51V, Diesel Generator
Voltage Controlled
Overcurrent

Westinghouse Type COV-8,
Catalog # 1876244, 4-12 Amps,
80-100 Volts

Tap: 5 Amps

Trip Time: 2.05 sec @ 500 %
Voltage Tap: 96 Volts

Target: 0.2 Amps

59 DGN, Diesel
Generator Neutral
Overvoltage

ITE Type 59G,
Catalog # 211E1175,
3-18 Volts

Tap: 3 Volts
2 seconds @ 300 %

87G, Diesel Generator
Current Differential

Westinghouse Type
SA-1, Catalog # 290B225A10

(minimum pickup 0.14 amps)

N/A

32 DGT, Diescl
Generator Reverse
Power

-20-120 Watts

Westinghouse Type CW,
Catalog # 289B988A 17, Range

Tap: 20 Watts

Time: 3 secs @ 200 %
ICS Setting: 2.0 Amps
Time Dial Setting: 3

40 DGT, Diescl
Generator Loss of
Excitation

GE Typc CEH,

Catalog # 12CEHS51A4A,
Range: Offsct: 0-4 Q,
Characteristic circle diameter:
5-50 Q)

“L” lead: 1.0

“H" lead: 2.5

Lower no. one tap: 30
Upper no. onc tap: 5
Target: 0.2

27, Diesel Generator
Load Sequencer
Undervoltage (2 out of
3)

ITE Type 27D,
Catalog # 211R6175,
60-110 Volts, 0.1-1.0 secs

Dropout: 100 Volts (84.1 %)
Time Delay: 0.167 secs

Tech Spec Allowablc: 3242-Volts
494

27, Dicsel Generator
Load Sequencer
“Special” Undervoltage

ITE Type 27H,
Catalog # 211B0175DoR4| Rg\)_

]

60-110 Voltis

Pickup: 110 Volts (92.5%)
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J. CONCLUSIONS

CODE # RELAY ANSINOQO. & | MANUFACTURER, TYPE, SETTING
FUNCTION CATALOG #, RANGE

1 50 DGT, Diesel ITE Type 50, Catalog # Tap: 6.1 Amps

' Generator Instantaneous | 218T0641, 2-20 Amps .

Overcurrent .

2 51V, Diesel Generator { Westinghouse Type COV-8, Tap: 5 Amps
Voltage Controlled Catalog # 1876244, 4-12 Amps, | Trip Time: 2.05 sec @ 500 %
Overcurrent 80-100 Volts Voltage Tap: 96 Volts

Target: 0.2 Amps

3 59 DGN, Diesel ITE Type 59G, Tap: 3 Volts
Generator Neutral Catalog # 211E1175, 2 seconds @ 300 %
Overvoltage 3-18 Volts :

4 87G, Diesel Generator | Westinghouse Type N/A ~
Current Differential SA-1, Catalog # 290B225A10 :

: (minimum pickup 0. 14 amps)

5 32 DGT, Diesel Westinghouse Type CW, Tap: 20 Watts
Generator Reverse Catalog # 289B988A17, Range | Time: 3 secs @ 200 %
Power 20-120 Watts ICS Setting: 2.0 Amps

Time Dial Setting: 3

6 40 DGT, Diesel GE Type CEH, “L" lead: 1.0
Generator Loss of Catalog # 12CEHS1A4A, “H" lead: 2.5
Excitation Range: Offset: 0-4 2, Lower no. one tap: 30

Characteristic circle diameter: Upper no. one tap: 3
5-50Q Target: 0.2

7 27, Diesel Generator ITE Type 27D, Dropout: 100 Volts (84.1 %)
Load Sequencer " | Catalog # 211R6175, Time Delay: 0.167 secs
Undervoltage (2 out of [ 60-110 Volts, 0 1-1.0 secs Tech Spec Allowable: 3243-Volts
3) 3444

8 27, Diesel Generator ITE Type 27H, Pickup: 110 Volts (92.5%)
Load Sequencer Catalog # 211B0175DpR4] °|7+'
“Special” Undervoltage | 60-110 Volts )

* Rav. 17;
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