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PURPOSE

This CON evaluates the setpoints inctuded in CCN 20 to base calculation E4C-098 for the following items
to support Proposed Change Number (PCN) 488 to SR 3.3.7.3 & SR 3.3.7.4 of Units 2&3 Technical
Specifications:

Loss of voltage relay 127F
Degraded bus voitage relay 127D
Time delay relay 162D

Time delav relay 1628

Time delay relay 162T

SCE 28428 AEV 1 W98 [REFERENCE 80120 XXIV-7 18] E4C0BA 101§ wpd
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2.1.1  Setpoints for Degraded Voltage Function (127D-1,2.3.& 4 relays - ABB 27N relay)
Oesign Limit Allowable (As-found) Valuas As-elft Valuas 1
lterm [TLU = 20.89 V (0.737%), ' [Tol. = +0.45 V (0.37%), (setting tol « 0.1 V)
Engin. Margin » 0.48 V)] Engin. Margin = 0.46 V))
Relay(V) Primary (V) Relay (V) Primary (V) Relay (V) Primary (V)
Max. Reda/ 1275 4206.25 122" 4280.86° 121.50 4252.5
pickup
Max. Rela, 1224 427490 72170 4259.50" 120.90 4231 .5
dropout
Nomina reay 121 40 4245 00 12140 4249.00 121.40 4249.00
prckup 3
Nomina! relay 120 .80 4228.00 120.80 4228.00 120.80 4228.00
drapout
Min. Relay 120.056 4201.7% 120.49° 4217.15° 121.30 424550
prekup n—
Min. Resay 119.45 4180.75 11989 4196.15° 120.70 4224 50
aropout
Time delav 2 secs + 0.2 sec 2sec.s £ 0.17 sec.” 2secs £ 0.02 sec.
(120Vto0O V)

*Revised value from the value in CCN 20 to E4C-098.

2.1.2  Setpoints for Loss of Voltage Function (127F-1,2,3,& 4 relays -

____.—h ﬂdny

Wcstin&housc CV-2 relay)

Existing Propased Allowable Values Acceptable As-Left
Tech. Spec. SR 3.3.7.3b { As-Found Values) *r‘w Values
Owerall Setting (V) Relay Setting (V) Relay Sefting (V)
TWw Tol, Tol
Primary i — Pri..iary Selay Primary

3796 45

106.05

105.00 3675.00

3775

108.00

"Rcvxscd valuc from thc valuc n CCN 20 (o E4C-098.

3675.00

103.95

3638.25

SCE 26426 REV 1 UL REFERENCE SO120-00V-7 8]
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Note:

Time dhal of CV-2 relay should be adjusted such that the time delay of the entire LOVS
channel up to an including 127F-1X3 and 127F-1X/127F-1X2 is within this time
range. A LOVS channel consists of relay 127F-1 and auxiliary relays 127F-1X3 and
127F-1X1/127F-1X2 in series. This timing requirement also applies to the LOVS
channels associated with relays 127F-2, 127F-3, and 127F-4. This is the time to go

from nomina! voltage to zero (120 V10 0 V).

Setpoints for time delay relays for Degraded Voltage Function

.. SR33.73.a

Proposed Allowable Values
(Acceplable As-Found Values)

Acceptable
As-Left setting

Setting

1620-1238 4

Seftting

Tol

(m'l i ‘uumcn) aaecl
110 222 £186. 110 £ 18 22

Setting
(seconds)

110 =2

1625-12384

43 :0.19

43:014

+0.05

43 £ 008

1627-1238 4

125 +04

No change from CCN 20 to calculation E4C-098.

1.25 £ 0.37

125 1005
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2.2 Recommendations

221 Revise Surveillance uirements of Techmecal S

:cification section 3.3.7 as follows:

Exisung Allowsble Vales Recommended Allowable Values
Degraded Voltage Funcuon : 4181 Vand < Degraded Vollage Function
75V | Dropout » 4196 V (Nowe 1)
I Pickup s 4281 V (Note 2)
SDVSS (Sustained Degraded Grid Vollage) SDVSS (Sustained Degraded Gind Voltage):
SR1373., Time delay: T'ime delay:
L 127D ¢ 1.8 seconds and < 2.2 ) 127D < 2.17 seconds (Note 3)
seconds " 162D < 128 seconds (Note 3)
" 162D = 88 seconds and s 132
seconds
DGVSS (Degraded Grid Vohage with SIAS DGVSS (Degraded Grid Vollage with SIAS)
Signal)
Tune delay:
Time delay A 127D 2 1 B3 seconds and s 2.17
i 127D 2 1.8 secomds and 5 2.2 seconds
seconds w 1625 > 416 seconds and < 4 44
u 1625 2 4.1 seconds and s 4.4% seconds
RECONGS u 162T » 088 seconds and « | 62
w. 162T 2 0.85 seconds and ¢ | 65 seconds
_seconds
SR3373» Loss of Voltage Function : 3554 V and Loss of Voltage Function 2 3554 V (Nowe 1)
s J796 V
Tune delay: <« 1.0 seconds at 0 V (Noe 4)
Time delay: « 0.95 seconds and < | 05 seconds
adV
SR3374 Venty Response Time of required DG-LOV
(Note) channel i1s withun | 05 seconas

Notes

1 Surveillance of the lower limit of the dropout voltage is important (o safety because the operation of the
undervoltage relay at the setpoint ensures the protection of electrical equipment from low operating
voitage.

2 Surveillance of the upper limit of the pickup voltage 1s required to verify that the relay wall reset at the
minimum bus voltage of 4297 V.,

3 Surveillance of the upper limit of the time delay is required hecause only the upper limit of the time delay
15 important to safety.

4, Time dial of CV-2 relay should be adjusted such that the time delay of the entire LOVS channel up to and

including 127F-1X3 and 127F-1X/127F-1X2 is within this time range. A LOVS channe! consists of
relay 127F-1 and auxiliary relays 127F-1X3 and 127F-1X1/127F-1X2 in series. This timing requirement
als applies to the LOVS channels associated with relays 127F-2, 127F-3, and 127F-4. This is the time (0
go from nomunal voltage to zero (120 Vo O V)

SCE 20420 AEV ' WO (REFERENCE SO 2320XV-7 18) E4CO08 115 wpd
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127D-1 2.3 &4
{Applicable TS
SR337.9)

2N

127F-123.& 4
(Applicable TS
SR3371.%

cva

222 Revise Test Procedures SO2(3)-11-114A and SO2(3)-11-11.1B to change acceptance
criteria for as-found dropout and pickup voltages of 127D relays and as-left time delay

value of 127F relays as shown below:

Note:

Time dial of CV-2 relay should be adjusted such that the time delay of the entire LOVS channel
up to and including 127F-1X3 and 127F-1X1/127F-1 X2 is within this time range. A LOVS
chanrel consists of relay 127F-1 and auxiliary relays 127F-1X3 and 127F-1X1/127F-1X2 in
series. This iming requirement also applies to the LOVS channels associated with relays 1 27F-
2, 127F-3, and 127F-4. This is the time to go from nominal voltage to zero (120 Vio O V)

o ‘L-

Dropout

Acceplance
crieeria

198 sec. 02.02
sec

183sec 0217
¢

0.965 sec.
(Nowe)

075 wcw

2.23  Instrument calibration

As recommended in CCN 20 to calculation E4C-09, the following equipment
(equivalent or better accuracy) are required for instrument calibration:

Undervoltage relays

Instrument ID

127D-1,23,. & 4
127F-1.23, & 4

Nominal Acceprance

]

Crieria

1307 Vo
1209V

1989V 12089V 0
121.70 V 12231V

10395 Vw
10608 V

l 10154V 10

AS-Found 1.0 sec. (Now) 108 47V

Calibration equipment

Fluke 45 Mulumeter with a user selected
reading rate of medium and voltage range of
300 V or equal.

Time delay relays

162D-1,2,3. & 4

EE———

Wilmar SC-101 with a user selected range of
second or equal

1625123, & 4
162T-1,23, & 4

Wilmar SC-101 with a user selected range of
millisecond or gqual

SCE 26426 RFEV 1 890 MEFEFRENCE SO123-XXNV.7 14

EACOUN 1 7S wpo
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3 ASSUMPTIONS

3. The reset time of § cycles for Westinghouse type CV-2 relay was assumed based on the similar
electro-mechanical G.E type IAVS4E relay.

32 The following instruments are assumed to be used for calibration of undervoltage relays and time
delay telays (see recommendation 2.2.3).

Undervoltage relays: Fluke 45 Multimeter with a user selected reading rate of medium and
voltage range of 300 V,
Time delay relays: Wilmar SC-101 with a user selected range of second and millisecond
3.3 The following relay voltage setting tolerances were assumecd:
Setting
Relay tolerance Reference
127D-1,2,3,&4 (27N) 0.1V Surveillance test data (refer (o para. 4.4)
127F-123,& 4 (CV-2) %1% Surveillance test data (refer to para. 4.3) and

Attachment 9.10 of CCN 20 to E4C-098

34 Since dnift tolerances of some relays are not available, the following misce!laneous tolerances
which include dnft tolerance for voltage tap were assumed:

127D-1,2,3,&4 (27TN) 10.36%
127F-1,2,3,&4 (CV-2) £1.29%

As shown in paragraphs 4.3 & 4.4, measured drifts of the relays are less than these assumed
tolerances.

35 Time setting tolerances of the following relays were assumed:

Setting
162D-1,23.&% 4 +2 seconds Refer 1o para. 4.5
1628-1,23.& 4 10.05 second Refer to para. 4.6
162T-1,23.& 4 10.05 second Refer o para. 4.7
127D-1,2,3,& 4 20.02 second Refer to para. 4.4
127F-1,23.& 4 1% Attachment 9.10 of CCN 20 to EAC-098

As shown in paragraphs 4.3, 4.4, 4.5, 4.6, & 4.7, measured drifts of the relays are less than
these assumed tolerances.

3.6 ABB catalog for 27N relay specifics an accuracy of £10% for tume delay. However, ABB (Mr
Chiff Downs) states that the accuracy of £10% 15 very conservative value that includes
temperature effect, power supply effect, and miscellaneous tolerance.

SCE 20420 AEV ' WL [REFERENCE. SO123-XX1IV.T 15 EACOBH1n 15 wia
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Type test resuits for 27N relay (Auachment 9.11 of CCN 20 to E4C-098) shows the following

accuracies:
Accuracy: Max. 5% (ume tap setuing at 1)
Temperziure effect: $0.1% in a range of (°C 10 40°C
Power supply effect: Not available

Based on the above data, the following random tolerances for 27N relay ume delay were

assumed:
Retference tolerance: 5%
Temperature effect: +0.1%

Power supply vaniation: $0.1%
Miscellaneous tolerance: 18.66%

37 ABB clarifies that temperature and control power effects on the accuracy are non-random (refer
to Attachment 9.16 of the base calculation E4C-098, rev. 1). However, it was assumed that the
worst case effects (+0.1% for control power effect and £0.4% for temperature effect) are random.

38 Operating time tolerance of +5% for CV-2 relay is based on the calibration tolerance of 1% as
stated in Attachment 9.10 of CCN 20 10 E4C-098. The operating tolerance of +5% is considered
to include temperature effect, dnft allowance, and miscellaneous allowance.

Voltage tap tolerance of 3% for CV-2 relay is based on the calibration tolerance of 1 % as stated
in Attachment 9.10 of CCN 20 to E4C-098. The voltage tap tolerance of £3% is considered to
include temperature effect, drift allowance, and miscellaneous allowance.

39 Temperature effect on accuracy for Agastat series E7000 Class 1E relay 1s not available.
However, the specification (Attachment 9.12 of CCN 20 to E4C-098) for series 7000 non-1E
relay states "The maximum shift in the average of three consecutive time delays from 77°F is
-20% at -20°F, +20% at 165F"." This temperature variation will be used for series E7000 Class
|E relay.

Voltage effect on accuracy is not available. Therefore, it was assumed that voliage effect on
accuracy is included in the relay accuracy of 210%.

319 Since drift tolerances of some relays are not available, the following miscellaneous tolerances
(which include drift tole: ance) for time delay were assumed based on the existing tolerances of
the time delay relays in Tech. Spec. SR 3.3.7.3.a:

162D-1,23.& 4 £16.3%
1628-1,23,&84 13.13%
162T-1,23.&44 29.3%

As shown in paragraphs 4.5, 4.6, & 4.7, measured drifis of the relays are less than these
assumed tolerances.

SCF 26426 RFV | 808 MEFERENCE SO125-XXWV.7 18] E4C098 1715 wpo
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4 DESIGN INPUT

4.1 Undervoltage relay 127D-1,2,3,4 settings (refer (o the base calculation E4C-098)

Relay 4160 V bus voltage

Setung(V) volts P.U
Maximum reset 122.75 4296.25 1.033
Maximum dropout 122.14 4274.90 1.028
Nominal reset 121.40 4249.00 1.021
Nomuinal dropout 120.80 4228.00 1.016
Minimum reset 120.05 4201.75 1.010
Minimum dropout 119.45 4180.75 1.005

4.2 Technical Data for miscellaneous devices

4.2.1  West. CV-2 undervoltage relay (references 6.2 & 6.4 and Attach. 9.10 of CCN 2010

E4C-098))

Device No: 127F1, 127F2, 127F3, and 127F4

MFR: Westinghouse

Style No: 1875516

Tap Range: 55-140V

Temperature range: -20°C 10 55°C

Burden: 2.4 VA w/ 0.29 power factor @105 V TAP
364 VA & 0.34 PF at 105 V tap (Existing)
466 VA & 0.35 PF at 93 V tap (Existing)

Inst. book: LL. 41-201K

Tap setting 105V

Time dial: Adjust ime delay of 127F] relay such that the time delay of

the entire LOVS channel up to and including 127F1X3 and
127F1X1/127F1X2 is 1.00 £ 0.05 seconds. A LOVS
channe!l consists of relay 127F1 and auxiliary relays 127F1X3
and 127F1X1/127F1X2 in senies. This timing requirement
also applies to the LOVS channels associated with relays
127F2, 127F3, and 127F4.

Accuracy: Voltage tap - 3%
Voltage tap calibration - 21 %
Time curve - 5%
Time dial calibration - £1%

Reset time (contact opening): S cycles (refer to paragraph 3.1)

BCF 26426 AEV 1 498 (REFERENCE S0120-XXIV.7 1§ EACO0M 116, wpe
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422 ABB undervoltage relay (references 6.3 & 6.4)
Device No: 127D-1, 2,3, 4
Manufacturer: ABB
Type: 27N
Catalog #: 411T5375
Pickup range: 70-120V
Pickup setting: 1214V
Dropout: 70-99% of pickup (Note 1)
Dropout delay: 2-20 seconds
Delay setting: 2 seconds
Reset time: Less than 2 cycles
Control voltage: 100-140V DC
Temperature range: -301w0+70° C
Burden: OSVAa 120V
Repeatability tolerance (Note 2):
With | ic filt
a @ constant temperature & control voltage - £0.1%
b For allowable dc control power range (100-140 V) - #0.1%
& Temp. range

Oto+55°C - 20.75%
+1010 +40° C - £0.4%
2010+470°C-£1.5%
d Time delay - £10% or £20 mulliseconds whichever is greater.

1 Difference between pickup and dropout can be set as low as 0.5 %
2 The three repeatahility tolerances are cumulative and are random tolerances
(refer to para. 3.7)

423 GE potential transformer (refer to base calculation E4C-098)

Type: JVM-3
Ratio: 42001120V
Accuracy: 0.3W, X, Y, 1.2Z burden at 120V

4.2.4 Environmental condition data (reference 6.8)

Min. temp. Max. temp.
Arca Normal normal/accident
CB Area BS SO°F 95°F/95°F
(ESF SWGR room)

SOF 26426 REY | MO8 FEFERENCE SO1Z0-XXY-7 1§) £AC088 1015 wpd
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4.2.5 Fluke 45 multimeter (Attachment 9.8 of CCN 20 to base calc. E4C-098))

300V range

Accuracy: +0.2% of reading + 10 digits
Full scale: 300V AC

Resoluton: 001V

Note:  Since the resolution ar medium sampling rate (refer to para. 3.2) on 300 V
range is 10 mV, the reference accuracy is £(0.2% + 10x0.01V) @ £(0.2% + 0.1

V)
30 r
Accuracy: 0.05% + 3
Full scale: 30mA
Resolution: 1 yA

Note:  Since the resolution at medium sampling rate (refer 1o para. 3.2) on 30 mA
range 1s 1 pA, the reference accuracy is £(0.05% + 3 x 0.00000] A) = £(0.05%
+ 0.000003 A)

426 Timer (Attachment 9.9 of CCN 20 10 base calc. E4C-.098)

Manufacturer: Wilmar
Type: SC-101
Operation Modes: Dry contact, NO or NC

DC patential, OFF or ON
AC potential, OFF ON
Temperature range: 0°C 10 50°C

Range: Cycles - 0-99999
Milliseconds - 0-99999
Seconds - (-999.99

Accuracy*: Dry contact - 21 millisecond
DC voltage - £1 millisecond
AC voltage - £1/4 cycle

* Notes

(h The “clock"” and "read-out" tolerance listed below must be added in compuung
the overal! accuracy:
a The internal clock tolerance - £0.06%
b Above accuracies are £1 less significant digit

(2) The AC voltage accuracy given is the worst case at low voltages and improves

SCE 26420 REV ' 098 MEEAENCE. 50120 XXWV-7 .78

E4CO08 015 wpo
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with high voltage.

4.2.7 Time delay relay (Attachmeat 9.18 of base calc. E4C-098, rev. 1)

Device No.: 1628-1,2,3, & 4

Manufacturer: ABB

Catalog No.: 41772170

Time delay range: 0.01 - 9.99 seconds

Accuracy: Repeatahility - 20.5% or +15ms whichever is greater.

Vanation of timing with change in ambient temp. - +2% or
$20ms whichever is greater for -20°C 1o +70°C

Vanation of timing with change in control voltage - £2% or
220ms whichever is greater for -20% 10 +10% voltage

varianon.

4.2.8 Time delay relay (Attachment 9.18 of base calc. E4C-098, rev. 1)

Device No.: 1627-1,2,3, & 4
Manufacturer: Amerace Corp
Catalog No. Agastat E7012PB
Time delay range: 0.5 - 5 seconds
Accuracy: 210%

429 Time delay relay (Attachment 9.18 of hase calc. E4C-098, rev. 1)

|
\
|
Dewvice No.: 162D-1,2,3, & 4
|
|

Manufacturer: Amerace Corp
Catalog No.: Agastat E7012PKL
Time delay range 1-300 seconds
Accuracy: z10%

SCE 26.42¢ REV | OB (REFEARENCE SO123-XXV 7 18) FACORE 1016 wpat




E&TS DEPARTMENT [

CALCULATION SHEET |aeum coune N-15  [pace _1s orse

CCN CONVERSION
Project or DCP/FCN _INITS 2 & 3 __Calc No. _E4C-(08 . SO .._-&__5
Subject 4 KV SWITCHGEAR PROTECTIVE RELAY SETTING CALCULAT Sh

— - & 1ON  Sheet of

BAYE 1
ATE ‘g'
Joon K e
it 6 Lennartz S
= : §
el
43 CV-2 Loss of Voltage relay test data
uss of voltage relay CV-2 (reference 6.
Channe Operating
Min. Trp Voltage (V) Time (sec)
Bus Felay (120 V1o O V)
lost date
Nominal As-loft As-found Naminal
satting sefting |  Asdelt
127F-1 109.1 0.974
EEmmma ——
127F-2 Nale 2 1039 L RS
2A04/
21697 127F-3 104 6 | 0967
127F 4 106 104 2 10 0 969
127F-1 1060 | (Nae1) 0.965
s Note2 | 1085 | | 0.964
2A006/
21597 127F-3 103.5 { 0964
127F 4 1041 0.967
T 5., 5 - e &
127F -1 I iR
3A04/ 127F-2 102.9 | 0.986
21597 Nole ?
| __127F-3 045 | 0976
127F -4 104.5 0.988
127F-1 103.5 0.962
3A08/ 127F-2 R i . 0.965
21597 Nate 2
127F-3 103.0 | 0.964
127F 4 T 102.7 __0.962
Notes: 1. Time dial of CV-2 relay should be adjusted such that the time delay of the entire LOVS
channel up 1o and including 127F-1X3 and [ 27F-1X1/127F-1X2 is within this time
range. A LOVS channel consists of relay 127F-1 and auxiliary relays 127F-1X3 and
127F-1X1/127F-1X2 in senes. This timing requirement also applies to the LOVS
channels associated with relays 127F-2, 127F-3, and | 27F-4,
- § As-left min. tnp voltages for 4.16 KV buses are not available. Since the function of the
CV-2is10 generate LOVS on loss of voltage condition within a specific time, CV-2
relay with a fixed time dial will dropout at the same time on a loss of power condition
regardiess of voltage tap settings (existing voltage tap of 105 V is arbitrary). Therefore,
As-Left min. tmp voltage of CV-2 relay is not criucal for this analvsis.

SCE 26420 REV 1 BUO REFERENCE SO123.XX1V.7 18| E4C008¢1n 16 wae



E&TS DEPARTMENT ey S

CALCULAT|ON SHL‘ET PRELIM. CCNNO. N-15 PAGE __16 OF 50

lcen convERsION

L ICCNNO. CON - ah
Project or DCP/FCN _UNITS 2 & 3 Cale No. _E4C-Q98 " —ar
Subbct 4 KV SWITCHGEAR PROTECTIVE RELAY SETTING CALCULATION Sheet of
-
g
>
¥ 2
Loss of voltage relay CV:2 (reference 6.14) _
Bus/ As-ound As-hetl
last date Reay Pur . I "
Trip Vohage Channel aperating Trp Vohage | Channel aperating
(Vo Tume (sec) (V0 | Time (sac)
(120v-0V) (120v-0V)
. 4+_~ —— e
127F-1 102.75 1.01 1086.1 0.9582
2A04/ 127F-2 103.84 0 9485 108.0 0.958
22398 i
127F-3 104.25 09744 105.0 0.987
127F-4 102.54 09138 108.1 0.953
r-—A—-v —_— —— —
127F-1 105.1 0.97 106.4 096
2A06/ 127F-2 106.1 ' 0.95 106.1 096
2/6/99 ¥ -—
127F-3 104.4 ! 0.96 104.8 096
127F 4 1041 095 | 104.3 0.96 |

Note;  Data for buses 3JA04 & 3A06 are not available.
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E&TS DEPARTMENT ICCN NOJ
CALCULATION SHEET PRELIM. CCNNO. N-15 PAGE _17_ OF 50
CCN CONVERSION

Project or DCPIFCN UNITS2& 3 CaleNo. E4C.098 gvwo.oon- o9
Subject 4 KV SWITCHGEAR PROTECTIVE RELAY SETTING CALCULATION Sheet of
mm DATE | e V] ORIGNATOR. WE DATE T

Joon Kim 8 Leanariz b

r -
44 27N Degraded Bus Veliage relay test data

As-Found

Note,

Dropat Time (sec) Time (sec)
voltage (V) (120 V- 0 V) vaitage (V) voltage (V) (120V-0V)
1270-1 120.7 2.02 121.3 120.7 2.01
B T S S T R 121.3 120.8 2%
3A04/ | i {
81595 127D-3 120.7 2.00 218 | 1307 2.00
12704 1208 2.00 121.5 120.8
1270D-1 120.8 2.0 i 1 s
|_127D-2 120.9 2.00 121.3 120.8
306/
waps | 12703 | 1208 2.0 1215 120.9
12704 120.8 1208

Data for buses 2A04 & 2A06 are not availabie.

SCF 26420 REV * MO8 REFERENCE SO120-XXIV-7 8]
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E&TS DEPARTMENT ey s

CALCULAT|ON SHEET PRELIM. CCNNO. N-15 PAGE _18 OF 50

CCN cowvcecnsoou Q 5
N NO .
Projector DCP/FCN UNITS2 &3 ~ Calc No. E4C-098 = - 4
Subject 4 KV SWITCHCEAR PROTECTIVE RELAY SETTING CALCULATION Sheet of
Vo DATE RE DATE V. ] ORIGINATOR ] OATE.

Joon Kim 8 Lennartz

REV
rch |0‘1

Dropout Time (sec) Pickup Dropout Time (sec) I
whage(V) | (120v-0V) | wvoltage (V) voltage (V) (120v-0V)
_ 12701 120.37 2.0059 121.95 _120.78 1.9671
1270-2 120.35 2.0045 121.40 120.8 2006
ZA04/ | !
122a98 | 12700 | 12044 1.9939 121,41 120.8 1.687
12704 120 45 1.9952 121.98 120.7 1,865
_ 12701 | 12062 e R ) 121.37 120.78 E 1.99
2A06/ 127D-2 120.59 1.99 121.81 12077 199
12/ %96
127D-3 120.60 188 121.31 120.73 2.00
12704 120.59 1.99 121.30 120.70 1.68
12701 120.3 1.99 121.3 1208 2.00
127D-2 1204 | 2.0 121.3 120.9 2.01
3A0¢/
anam’
3A06/
5797

SCE 26428 REV 1 886 [HEFERENCE SO120-XXV.7 1§ P




EATS DEPARTMENT ECEW AT "

CALCULATION SHEET PrEM. Covo W18 [pace 1s or s
5 CCN CONVERSION: 5
Project or DCP/FCN _UNITS 2 & 3 Calc No. EAC-098 B N e A
Subject WWQ{MWULAHQ& Sheet of
~ o7y e
Joon Kim B Lennartz <
..... > ¥
1 &2
- -

Time (sec)
(120V-0V,

201

2.01

2.01

Note; Data for buses 3A04 & 3A06 are not available.
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E&TS DEPARTMENT

CALCULATION SHEET

Project or DCP/FCN _UNITS2& 3  Cale No. _E4C-008
Subject 4 KV SWITCHGEAR PROTECTIVE RELAY SETTING CALCULATION Sheet
" TATE Vit T " o1 T

ICCN NO
PRELIM. CCNNO. N-15 PAGE _20 OF 50

CCN CONVERSION: 2 j

CCNNO. CCN -

45 162D Time Delay relay test data

Time delay relays 1620 (reference 6.10)

Bus

l

| Relay

Operating time (sec)

|

As-left (1)

As-left (2)

As-left (3)

12/26/96

2A06/
12/3/98

16201
f———-—-—
| 16202
P———-—-—‘

1620-3
} i

1620-4

]

| 1620-1 1
e
16202 |

1620-3

-t

16204

1
16201

|
1620-2

1620-3

16204

162D-1

162D-2

1620-3

16204

118.4

}

116.3

1186

1102

1124

na.z

1154

127

120.4

118.8

ma

1128

na2

114

m

114

118

115

m

100.4

1094

108.5

107.6

1108

1061

105.9

109.8

1128

110.5

1106

1102

127

104.4

108.6

108.0

Note:  Time setting tolerance of 2 seconds for as-left time delay test is not applicable to these tests because the

tests were performed before the 2 seconds tolerance was specified in CCN 20 to calculation E4C-098.
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E&TS DEPARTMENT

CALCULATION SHEET

Project or DCP/FCN _UNITS2&3 ~ CaleNo. E4C-098

PAGE _21_OF 50 |

ICCN NO
PRELIM. CCNNO. N-15
CCN CONVERSION
CNNO. CCN -

a9

|

Subject 4 KV SWITCHGEAR PROTECTIVE RELAY SETTING CALCULATION Sheet

e ~ DATE

DATE

of

ml&w—l{m

T

REV
INDICA

Time delay retays 1620 (reference 6.14)
p—— ——— —— —— r—- .
| Operating time (sec)
Bus Relay
Nominal As-found As-eft (1) As-left (2) As-lett (3)
162D-1 113.32 1108 111,93 111.92
2A04/ 1620-2 110.43 100.0 108.0 108.37
22399
1820-3 115.63 108.85 11048 109.26
16204 112.08 106 41 108.57 108.72
162D-1 112.89 108 74 11098 110.39
B el
2A08/ 1620-2 108.50 10945 109.54 109.45
26099 [ it 110
162D-3 11343 108.79 094 110.81
16204 11048 109.51 110.27 110.05
182D-1
3A04/ 182D-2
sty s Not available Not available Not availabie Not avaiable
1620-3
16204
16201
3A06/ 162D0-2
1620-3
b
| 16204

SCF 20426 REV | N8 [REFERENCE. SO120-XXv.7 18]
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E&TS DEPARTMENT

CALCULATION SHEET

ICCN NO/

| PRELIM. CCNNO. N-15

PAGE _22 OF 50

Project or DCP/FCN UNITS 2 & 3 Cailc No. _E4C-098

Subject 4 KV SWITCHGEAR PROTECTIVE RELAY SETTING CALCULATION Sheet

"BATE l AE I DATE '

EEME } GATE T o DA

woon Kim B Lennariz

CCN CONVERSION
CCNNO. CCN -

of

" Kl

—

>
(")
<

INDICAT

46 1628 Time Delay relay test data

___Time delay relavs 162 Greference 6.10)

Operating time (sec)
Bus Fakay S
Nominal As-found As-left (1) As-lell (2) | As-ieft (2)
16281 429 429 4.30 ‘ 429
2404/ 1628-2 4.29 4.20 429 i 429
12/26/96
1625-3 4.30 4.34 429 4.30
16254 4.0 429 429 ; 429
! 1628-1 4.30 4.30 4.30 1 429
2A06/ 1628-2 4.3 | 4.3 4.3 1 4.3
12/3/96 4.30 T 2
1825-3 | 4% 4.30 4.30 4.3
16264 | 4% | 4.30 4.30 4%
16281 l 43 4.3 43 43
|
3A04/ 1628-2 g 4.3 4.3 4.3 43
414/97 !
1628-3 | 4.3 4.3 43 43
16284 ‘ 43 43 43 43
1625-1 L 4 4.30 4.30 430
- - ‘r——— - -
3A06/ 1628-2 4.3 4.31 4.31 4.9
757
1828-3 4.3 4.1 4.3 a3
18284 4.3 4.31 4.31 4.3

- -

SCTE 26420 REV ' W08 REFERENCE SO123)03V.7 18]
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E&TS DEPARTMENT

CALCULATION SHEET

Project or DCP/FCN _UNITS 2 & 3 Caic No. _E4C (098
Subject MWMSEW Sheet

Joon Kim

BRI ] e

B Lennartz

ICCN NO./
PRELIM, CCNNO. N-15

PAGE _ 23 OF %0

CCN CONVERSION.

CCNNO. CCN -

9

of

L —. S

!i

+ .
- -

REV
INDICA

_mmmﬂw_

Operating tme (sec)
Bus Relay 3
Norninal As-tound As-lelt (1) As-elt (2) As-lelt (3)

1625-1 429 429 429 429
2A04/ 1628-2 429 429 429 4.29
2/23/99 ! Nj

1628-3 4.2% | 429 429 429

L =
18254 4.30 429 429 429
16251 493 | 43 4.3 43
T -

2A06/ 1628-2 4.9 ' 43 4.3 4.3
26/99 £

1828-3 4.3 49 4.3 43

16254 43 43 43 43

Mote;  Data for buses 3A04 & 3A06 are not available.

SCE 26428 REV 1 VBB (REFERENCE: SO'23-XX V-7 18]
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E&TS DEPARTMENT et e
CALCULATION SHEET orelw. conno N1S_|one_a_or o |

LCN CONVERSION Q 5
Project or DCP/FCN _UNITS 2 & 3 Cale No. E4C-098 Q0N NO. O0N - I

Subject iklmwmmishnx. NG CALCULATION Sheet of
m - o"{ -m—

i

Joon Kim

B Lennariz

REV
INDICA

tests were performed before the 0.05 seconds tolerance was specified in CCN 20

l Operaling time (sec)
Bus = alay -
Naminal As-lound As-left (1) As-left (2) As-ett (3)
| 1e2T-1 1.35 132 1.39 1.32
2A04/ | 16272 1.31 1.2 1.82 1.33
122996 [~
1627-3 1.29 1.30 1.30 1.30
16274 1.32 1.32 1.32 1.33
162T-1 1.28 1.26 126 1.27
2A06/ 16272 1.29 1.26 1.24 1.24
12/308 1.25 i
1627-3 1.38 145 1.38 1.36
6274 129 1.30 127 1.27
162T-1 1.27 1.27 127 129
3A04/ 16272 1.28 1.28 128 1.28 |
aamr - " .
162T-3 1.29 1.29 1.29 1.29
62T 1.28 1.28 1.28 127
1627-1 1.3 1.29 1.29 1.30
3A06/ 1627-2 1.29 1.28 129 1.30
ST97 s
16275 1.27 1.28 1.29 1.28
16274 1.27 1.27 1.28 1.30
Note:  Time setting tolerance of 0.05 seconds for as-left ime delay test is not applicable to these tests hecause the

to calculation E4C-008

I

SCE 26426 REV ' 98 [REFERENCE 30120 XXV -7 1§)
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E&TS DEPARTMENT o T

ICON N(

CALCULATION SHEET [PRELM CONNO N-15 |PAGH

SCN CONVERS ON

7N\
A

a CNN CCN -
Project or DCP/FCN _UNITS 2 & 3 _Calc No. _E4C-008 2 ())-

Subject 4 KV SWITCHCEAR PROTECTIVE RELAY SETTING CALCULATION Sheet Lase

f IRKGINATOR DA | 313 T DATE REVY DRIGINATOR ! DA it

Joon Kim | B Lennartz |
}
+

|
|

Time delay relays 1627 (reterence 6 14)
|

Operaling me (s

Note; Data for buses 3A04 & 3A06 are not available
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E&TS DEPARTMENT Pch o
CALCU LAT'ON SHEET PRELIM. CCNNO. N-15 PAGE 26 OF 50
s CCN CONVERSICON
Project or DCP/FCN M__C“C No. m_09§ _C:C_N NO CCL{~ i ~_&i‘-l

Subject 4_K__S_W_IICHS.LEA&ERQIECI IVE_&ELALSEIILS.LLALQLL_AIIOﬁ Shoot

i

V[ CARIKATOR —T—DATE

Joon Kim B Lennartz

INDICA TOR

REV

INTENTIONALLY LEFT BLANK

\
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Project or DCPIFCN _UNITS 2 & 3 Calc No. _E4C-098 ot i a3

CALCULATION SHEET T Soun. N4l s v
QCN CONVERSION
Project or DCPIFCN _UNITS 2 & 3 Calc No. _E4C-098 coum. ooN- )9 |
Subject 4 KV SWITCHGEAR PROTECTIVE RELAY SETTING CALCULATION Sheet of
- —

REV

EETS DEPARTMENT ICCN NO./

AT

L L

premre g g
Joon Kim B Lennariz <
& —] ;3
@
F -
H METHODOLOGY
5.1 Definition
5.1.1  Allowanle values (reference 6.6)
Allowable values of a seipoint are the design limit adjusted by the sum of the absolute
value of the applicable tolerance plus the engineering margin.
Aliowable value (min.) = Design limit + [Pos. tolerancel + Engineering margin
Allowable value (max.) = Design limit - INeg. tolerance! - Engineenng margin
Any operating procedures containing procedural sieps having values, including
surveillance acceptance values, must be more conservative than or equal to the allowable
values.
5.1.2  Acceptable As-Left values
Setpoint + Setting tolerance
5.1.3  Acceptable As-Found values
The same value as the allowable value
5.2 Setpoints of the Undervoltage Relay

521

233

Degraded Undcfvou.age Relay (27N)

Per sections 5.8 of base calculauon E4C-098, revision 1, the maximum reset (pickup)
voltage of the relay should be equivalent to the highest 4.16 KV ESF bus voltage
Cetermined by calculation E4C-082 (System Dynamic Voltages During Design Basis
Accaident) during the automatic sequencing of ESF loads immediately following a design
basis accident. The minimum dropout voltage of the relay should be equal 10 or greater
than the post acaident steady state voltage of 4.16 KV ESF bus voltage determined by
calculavion E4C-090 (Auxihiary System Voltage Regulation).

Calculate analytcal limits and allowable values for the maximum reset voltage and time
delay, considering TLU of the relay circuit.

Loss of Voltage Relay (CV-2)
Yoltage ap
Since the function of the CV-2 is to generate LOVS on loss of voltage condition within a

specified time, CV-2 relay with a fixed time dial will dropout at the same time on a loss
of power condition regardless of voltage tap sewtings (voltage tap of 105 V is artatrary)

SCE 20426 AEV | 808 (REFEAENCE 50120 XXV .7 18] E4C008/ 1718 wpd



E&TS DEPARTMENT [

CALCULATION SHEET

Project or DCP/FCN _UNITS 2 &3 Calc No. _E4C-098 jod CCNNO. 2CN -

ICCN NO./
PRELIM, CCNNO. N-15 PAGE _28 OF 50
CCN CONVERSION: a 5
of
DATE T

RFV
INDICAT

53

5.4

Therefore, TLU of the CV-2 relay vollage tap is not entical factor. However, the
following should be noted:

g As shown in section 5.8 of base calculation E4C-098, revision 1, the relay
should operate at 75% of 4.16 kV bus voltage within 15 seconds to protect

motors from short ime voltage dips.

2 Dunng surveillance test, the following item should be verified as specified by
the relay manufacturer:
v 1% cahbraton
L] Repeatability of the relay, considering tolerances of the relay &
M&TE.
Time delay

Time dial of CV-2 relay was adjusted such that the time delay of the enture LOVS

channel up to and including 127F-1X3 and 127F-1X1/127F-1X2 is 1.00 £ 0.05 seconds.
A LOVS channel consists of relay 1 27F-1 and auxiliary relays 127F-1X3 and 127F-
IX1/127F-1X2 in series. This timing requirement aiso applies 1o the LOVS channels

associated with relays 127F-2, 127F-3, and 127F-4

Since the upper limit of the time delay is the limiting condition, adjust CV-2 relay time

dial to limit the maximum time delay if the entire LOVS channel to 1.00 second,

considenng TLU of the relay cirewnt and pickup time of the auxiliary relays 127F-1X1

and 127F-1X2 (X3).

Setpoints of ime delay relays 162D-1.2,3, & 4, 1628-1,2,3, & 4, and 162T-1. 2. 3. & 4

Caiculate the design limits and allowable values of the time de gy, considering TLU of the relay

circuit.

Total Loop Uncerainty (TLU) of metering devices

5.4.1  Tne following uncertainties are considered per Standard JS-123-103C (reference 6.6):

a. Device tolerance
L] Reference accuracy
B Dnft allowance
. Power supply allowance
- Temperature allowance (normal & accident)

F

SCE 20420 REV | 898 [HEFERENCE SO123-XXV.7 18]
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E&TS DEPARTMENT ficen NO. 5

CALCULATION SHEET i conwo. 18 e or zp |
liv CONVERSION -
Project or DCPIFCN_UNITS2& 3 Cale No. _E4C-098 conwo. GoN- )5 |
Subject MWR%EMBEMWM ION Sheet of
ATE TS

NATOR 1 DATE l E::E SO . ﬂﬂ l .
Joon Kim 8. Lennariz 3
: - §2
-
b. M&TE tolerancg
L M&TE accuracy requirement
L Readability requirement(One half of one minor division for analog
MA&TE and the value of the least significant digit for digital M&TE)
» M&TE temperature requirement
= M&TE reference standards requirement (25% of M&TE accuracy)
C. Setting tolerance allowance, if applicable
d. Readabulity allowance for meters
& Miscellaneous allowance

54.2  The following tolerances are considered for allowable values:

a. Drift allowance
b. Setting tolerance
& Miscellaneous allowance

55 Relay Circuit Tolerance

A combiration of the Straight Sum and Square Root Sum of the Squares (RSS) methodologies
will be utihized per SCE Standard JS-123-103C (reference 6.6). The random elements of
uncertainty are combined under the RSS methodology. and any non-random uncertainties are
added algebraically (straight-sum) to the RSS result as shown below:

a. Random, independent elements are combined by RSS methodology:
U_t(\v:*xz‘_yz*zz)m

Where: W, X, Y, & Z are random, independent elements of uncertainty and U is the
total uncertainty.

o

Random, dependent elements are first comhined algerraically according to their
dependency to form new independent elements. Then, as independent elements, they
are combined with other independent elemunts by RSS methodology as follows:
Umt [W e X4 (Y+2))"

Where: Y & Z are random, dependent elements of uncentainty, W, X, and (Y + 2) are
random, independent elements of uncertainty, and U is the total uncertainty.

& Non-raadom element should be combined algebraically (straight sum) with the resulis of

SCE 20420 REYV ' 98 (REFERENCE 80123.XX1V.7 15) EACOBO N 15 wpo
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CALCULAT|ON SHEET PRELIM. CCNNO. MN-15 PAGE _30 OF 50
YCCN CONVERSICN 95
Project or DCP/IFCN _UNITS 2 & 3 Calc No. _E4C-098 R o

i IN DATE

Joon Kim 8 Lennariz

Subject 4 KV LWWWFMMMM Sheet of
A 1

I AT T IRE DATE ]

REV
INDICATO

the RSS computation for random, independent elements.
Ust (W X4Y)242

Where: W, X, & Y are random, independent elements of uncertainty, Z is non-randem
element of uncertainty, and U is the total uncertainty.

SCE 26426 REV 1 /08 [REFERENCE. S0123-X0X0V-7 18]
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CALCULATION SHEET eReLM. CoNNO. N1 [pace a1 or o
{CSN CONVERSION Q-5
Project or DCP/FCN _UNITS 2 & 3 Calc No. _E4C-008 CONNO. 00N - N " Ak

Subject M*SEIICHGBARPRQIEQUYE.RELAHETIMCALQILAILQN Sheet of
‘ "DATE WE i CATE o 7

Joon Kim 8 Lonnantz

REV
INDICAT

INTENTIONALLY LEFT BLANK
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CALCULA'HON SHEET PRELIM. CCNNC. N-15 PAGE _32 OF 50
CCN CONVERSION
Project or DCP/FCN_UNITS 2 & 3 Calc No. _E4C-098 P Gw—e & fi l

Subject 4 KV SWITCHGEAR PROTECTIVE RELAY SETTING CALCULATION
L L g —

E&TS DEPARTMENT

ICCN NO/

of

REV
INDICA

Sequencing Relays and Circuit Test

SO2-1I-11.1A - S.R. Unit 2 ESF Train A
SO2-11-11.1B - S.R. Unit 2 ESF Train B
SO3-1I-11.1A - S.R. Unit 3 ESF Train A
SO3-11-11.1B - S.R. Unit 3 ESF Train B

Joan Kim -4
1
6 REFERENCES
&1 G £. Protection and Control Products Cawalog GEZ-7723
6.2 Instructions Westinghouse 1.L.41-201.4C - Type CV Valtage Relays for Class 1E Application
6.3 Asea Brown Boveri Information Bulletin, 1B 7.4.1.7-7 Issue D
6.4 Drawings
30220-2
30299
30300
6.5 V/P §023-302-2-84 & 85 - B/M bus A04 & A0S
6.6 SCE Standard JS$-123-103C, Instrument Setpoints/Loop Accuracy Calculation Methodology.
6.7 Surveillance Operating Instruction SO23-3-3.23.1 - Diesel Generator Refueling Interval Tests
6.8 DBD-SO23-TR-EQ - Environmental Qualification Topical Report
6.9 90042 - Nuclear Consolidated Data Base
6.10  Maintenance Orders (History)
Bus . _MO Testdr e
2A04 96030942 12/26/96
2A06 96031127 12/3/96
JAO04 96050677 4/14/97
3A06 96050678 51197
6.11 Test Procedures for Loss of Voltage (LOVS), Degraded Voltage (SDVS, DGVSS) and

BCE 26426 AEV. | 898 (REFERENCE SO 123-XXIV-7.15)
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6.12

CV-2 relay test data

Ris.. MO Testdate
2A04 97021004 21597
2A06 97021013 215/97
3A04 97020999 215/97
3A06 97021000 215/97

Maintenance Orders (History)

3JA04 94071244 8/15/95
3A06 94071245 8/4/95
Maintenance Orders (History)
Bus . _MO Test date
2A04 98060307 2/23/99
2A06 98060308 26/99
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7 NOMENCLATURES

AR Action Request

CCN Calculation Change Notice

EDG Emergency Diesel Generator
DGVSS Degraded Gad Voitage Signal with SIAS
LOVS Loss of Voltage Signal

NCR Non Conformance Report

Para. Paragraph

SDVS Sustained Degraded Voltage signal
SR Surveillance Requirement

SRSS Square Root Sum of the Squares
Tol. Tolerance

TLU Total Loop Uncertainty
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8 EVALUATION / COMPUTATIONS

8.1 TLU calculation

8.1.1  Measuning and testing equipment (M&TE) tolerance
8.1.1.1 Fluke 45 tolerance (refer to paragraph 4.2.5)
Yoltage - 300 V range
a. M&TE accuracy reguirement
Fluke 45 multimeter random accuracy is £ 0.2% + 10 digits

Since the resolurion at medium sampling rate on the 300 V range is 10
mV, the reference accuracy is £(0.2% +10x0.01V) = £(0.2% + 0.1V)

If the device is set near 121 V, then 0.1 V is equivalent to about

0.083%. Therefore, the random accuracy of Fluke 45 multimeter is
10.283%.

b. M&TE readahility requirement
The resolution at medium sampling rate on the 300 V range is 10 mV.
If the relay is set near 121 V, then 10 mV is equivalent 1o about
$£0.0083%.

& M&TE ternperature requirement
Per Fluke 45 specificaiion the temperature coefficient of Fluke 45
voltmeter is less than 0.1 times the applicable accuracy of +0.283%
per degree C for 0°C to 18°C and 28°C to 50°C (32°F to 64.4°F and
82.4°F 10 122°F). The temperature range at SWGR room is S0°F (0
95°F.

Temperature range (o be considered:

S0°F (10°C) to 64.4°F (18°C) or 82.4°F (28°C) to 90°F (32.2°C).
At 50°F (10°C) ambwent te uperature,

MA&TE temperature effect is (0.1/degree C) x 8°C x 20.283% =
+0.2264%

d. MATE reference standard requirement
25% of M&TE accuracy is 0.25 x £0.283% = £0.07%

e SRSS total = £(0.283% 4+ 0.0083° + 0.2264° + 0.07") "% = +0.369%
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8.1.1.2 Wilmar umer SC-101, tolerance (refcr to para. 4.2.6)

Dry contact and DC voltage:

a. M&TE accuracy requirement
Wilmar timer SC-101 random accuracy is £ | millisecond.
If the timer measures approximate 10 seconds, then 0.001 second 1s
equivalent to 0.01%.

b. M&TE readatnlity requirement
Since the least significant digit is 0.001 second for millisecond range,
If the timer measures 10 seconds, then 0.001 second is equivalent to
$0.01%

& M&TE temperature requirement:  20.06%

d. M&TE reference standard requirement
25% of M&TE accuracy is 0.25 x 20.01% = £0.0025%

e SRSS total = £(0.01% + 0.01° + 0.06* + 0.0025%)"*% = £0.062%

AC voltage:

a. M&TE accuracy requirement
Wilmar timer SC-101 random accuracy is £ 1/4 cycle
If the timer measures approximate 10 seconds, then 1/4 cycle is
equivalent 1o about 0.042%.

b. M&TE ieadability requirement
Since the least significant digit is 0.001 second for millisecond range,
If the tmer measures 10 seconds, then 0.001 second is equivalent to
about $0.01%

¢ M&TE temperature requirement:  $0.06%

d MA&TE reference standard requirement
25% of M&TE accuracy is 0.25 x $£0.042% = 20.0105%

¢ SRSS total = $(0.042° + 0.01° + 0.06” + 0.0105*)"?%  £0.075%

¥ -

SCE 26420 REY | W98 REFERENCE SO123-XXIV-7 18)

E4C098 1115 wod



R R S s A e S e R i S e S R A D R

EATS DEPARTMENT ey
CALCU LATION SHEET PRELIM. CCNNO. N-1§ PAGE _38 OF 50

CCN CONVERSION: a ‘/

Projector DCPIFCN UNITS2&3 Calc No. _E4C-098 e ol

Subject meﬂmﬁm CW Sheet _____ of

“OATE | WE pp—
Joon Kim B Lennatz

8.1.2 Relay voltage tap tolerance

E

REV
INDICAT(

r

8.1.2.1 Tolerances to be considered

L M&TE (Fluke 45) tolerance (refer to para. 8.1.1.1)
Random: £0.369%
v Voltage transformer accuracy
Random: 1 0.3% (refer to para. 4.2.3)
L 27N Relay Tolerance (refer to para. 4.2.2)
Random : Pickup and dropout settings, repeatability at constant

temperature and constant control voltage = + 0.1%

Pickup and dropou settings, repeatahility over
allowable dc control power range = + 0.1%

Pickup and dropout settings, repeatability over
temperature range = £0.4% for a relay with
Harmonic Filier (HF). The ESF SWGR rocom
temperature will be maintained between S0° F (10°
C) and 95° F (35° C) during normal and emergency
operations (reference 4.2.4).

L Voitage setting tolerance

Randorn accuracy £0.1 V ( refer to para.3.3)

If the relay 1s set near 121 V, then 0.1 V is equivalent to about
0.083%.

. Miscellaneous tolerance
Random tolerance $0.36% (refer 10 para. 3.4)
8.1.2.2 TLU of 27N relay circuit - design limit
a. 27N Relay pickup and dropout setting, repeatahility over allowable dc
control power » 0, 1%

b. 27N Relay pickup and dropout setting, repeatability over temperature
range = $0.2% without HF and #0.4% with HF

SCE 26426 7EV 1 M98 MEFERENCE SC123 X0V 7 18) E4CO08 1715 wpo
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8.1.2.3

8.1.2.4

TLU = 2( 0.1 ¢ 0.4°+ 0.17 + 0.369* + 0.083° 4+ 0.3° + 0.36")°% = £0.737%

27} Relay pickup and dropout setting, repeatability at constant
tem erature and constant control voltage w £0.1%

M&TE requirement = £0.369%
Voltage setting tolerance = £0.083%
PT tolerance = 0.3%

Miscellaneous tolerance = £0.36%

Tolerance for allowable values during surveillance test (relay only)

Voltage setting tolerance: #0.083%.

Miscellaneous tolerance: #0.36%

Tolerance for allowable value = £(0.083% + 0.36%)"*% = +0.37%

As-Left secting (relay only)

20.1 V (refer to para. 3.3)
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8.1.3  TLU of 27N relay time delay setting
8.1.3.1 Tolerances to be considered:
3 M&TE (Wilmar SC-101) tolerance (refer to para. 8.1.1.2

Random £0.062%

» 27N relay tolerance (refer to para. 3.6)
Accuracy: +5%
Temperature effect: $0.1%

Power supply: 20.1%
SRSS total = (5% + 0.17 + 0.19)*% « +5.002%

v Time setung tolerance

v Misce!laneous tolerance
Random £8.66% (refer to para. 3.6)
8.1.3.2 27N relay time delay tolerance
8.13.2.1 TLU for des:gn limit
SRSS total = £(0.062° + 5.002° + 1'+ 8.66")"*% = £ 10.05%
8.1.3.22 Tolerance for allowabie values during surveillance test

Time setung tolerance - 1%
Miscellaneous tolerance - £8 66%

SRSS total = (1% + 8.66%) "% = +8.72%
51333 As-Left setting

$0.02 second (refer to para. 3.5)

Random +0.02 second = £(0.02 sec. / 2 sec.) » 1% (refer (o para. 3.5)
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8.1.4 TLU of CV-2 relay voltage tap

8.1.4.1 Tolerances to be considered

L MA&TE, Fluke 45, tolerance - +0.369% (refer 1o para. 8.1.1.1)
L CV-2 relay accuracy - £3% (refer 10 para. 4.2.1)
L Miscellaneous tolerance - £1.29% (refer to para. 3.4)

8.1.4.2 TLU of CV-2 relay circuit
SRSS total » £(0.369° < 0.37 4 37 4 1.29%) % = £3.3%

Since the voltage setung of the CV-2 relay is a arbitrary setting, this TLU w:l

L] Voltage transformer accuracy - + 0.3% (refer to para. 4.2.3
be used (o verify the operahility of the CV-2 relay.

8.1.43 As-Left setting
$1% (refer 1o para. 3.3)

8.1.5 TLU of CV-2 relay time delay setting(refer o para. 3.8 & Attach. 9.10 of CCN 20 to
E4C-09%8)

8.1.5.1 Tulerances to be considered:

. M&TE, Wiimar SC-101, tolerance (refer to para. 8.1.1.2)
10.062%
5%

8.1.5.2 CV-2relay ime delay tolerance
SRSS total = £(0.062° + 5%)2% = +5%
8.1.5.3 As-Left setting

|
L CV-2 relay tolerance
11% (refer to para. 3.3)

o gy

:
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8.1.6.2

8.1.6  Tolerance of time delay relays 162S-1,2,3,&4

8.1.6.1 Tolerances to be considered:

L] MA&TE (Wilmar SC-101) tolerance (refer to para. 8.1.1.2)
Random £0.062%
- Relay tolerance

Repeatability - £0.5% or 15ms whichever is greater.
[15ms 15 0.35% (0.015 sec. / 4.3 sec. = 0.35%))
Ambient temp. effect - 2%
Voltage variation effect - 2%
SRSS total = £(0.5% + 2% + 29)"*% = +2.87%
L Time setting olerance
£0.05 sec. / 4.3 sec. = £1.163% (refer to para. 3.5)
. Miscellaneous tolerance
Random 23.13% (refer to para. 3.10)
Tolerance of time delay relays 1628-1,2,3,&4
8.1.6.2.1 TLU for design limt
SRSS total = £(0.062° 4 2.87° + 1.163% + 3.13%) %% = £4.4%

8.1.6.2.2 Tolerance for allowable values during surveillance test

Time setuing tolerance - £1.16%
Miscellaneous wlerance - #3.13%

SRSS total = £(1.16° + 3.13)"'% = £3.34%
81623 As-Left setting

£0.05 second (refer to para. 3.5)
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8.1.7  Tolerance of ume delay relays 162T-1,2,3,&4

8.1.7.1 Tolerances to be considered:

. M&TE (Wilmar SC-101) tolerance (refer to para. 8.1.1.2)
$0.062%

L3 Relay accuracy - £10%

L] Temperature effect on accuracy (refer to para. 3.9)

Since the maximum shift in the average of three consecutive time
delays from 77°F is -20% at -20°F and +20% a1 165°F,
(-20% / 97°F) = 0.206%/°F and (+20% / 88°F) = +0.227%/"F

At the SWGR room temperature of SO°F, -0.206% x 27°F = -5.562%
At the SWGR room temperature of 95°F, +0.227% x |8°F = +4.1%

$5.562% wll be used
. Time setting tolerance

+0.05 second (refer to para. 3.5)
£(0.05 sec. / 1.25 sec.) = +4%

L] Miscellaneous tolerance - £25.3% (refer to para. 3.10)
8.1.7.2 Tolerance of time delay relays 162T-1,2,3.&4
8.1.7.2.1 TLU for design limut
SRSS total = £(0.062° + 10° + 5.562° + 4* +29.3")""% = £32%
81722 Tolerance for allowable values during surveillance test

Time setting olerance - +4%
Miscellaneous tolerz - £29.3%

SRSS total = (47 . 29.3)°% = +29.87%
8.1.7.2.3 As-Left setting

£0.05 second (refer 1o para. 3.5)
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8.1.8  Tolerance of time delay relays 162D-1,2.3.&4

8.1.8.1 Tolerances to be considered

L M&TE (Wilmar SC-101) tolerance (refer to para. 8.1.1.2)
£0.062%

L3 Relay accuracy - £10%

* Temperature effect on accuracy (refer to para. 3.9)

Since the maximum shift in the average of threc consecutive time
delays from 77°F is -20% at -20°F and +20% at 165°F,
(-20% / 97°F) = 0.206%/°F and (+20% / 88°F) = +0.227%/°F

At the SWGR room temperature of SO°F, -0.206% x 27°F = -5.562%
At the SWGR room temperature of 95°F, +0.227% x 18°F = +4.1%

£5.562% will be used.
. Time setting tolerance

+2 seconds (refer 1o para. 3.5)
2 sec./ 110sec.) = £1.8%

. Miscellaneous tolerance - £16.3% (refer to para. 3.10)
8.1.8.2 Tolerance of time delay relays 162D-1.2,3,&4
8.1.8.2.1 TLU for design limit
SRSS total = #(0.062° + 107 + 5.562° + 1.8° 4+ 16.3%)3¢% = +20%
8.1.8.22 Tolerance for allowable values during surveillance test

Time setting tolerance - £1.8 %
Miscellaneous tolerance - £16.3%

SRSS total = #(1.8% + 16.3%)*% = £16.4%
81823 As-Left setung

$2 seconds (refer to para. 3.5)
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8.2

27N Relay Voltage Setpoints

8.2.1

Given data for 27N relay setting
¢ 27N relay reset voltage at 4.16 KV :
4201.75 V (base calc. E4C-098, rev. 1)
v 27N relay dropout voltage:
99.5% of relay reset (pickup) voitage (refer to para. 4.2.2)
. Relay circuit tolerance:

TLU for design limut - £0.737% (refer (o para. 8.1.2.2)
Tolerance for aliowable value - +0.37% (refer to para. 8.1.2.3)

* PT ratio: 4200 V/120 Ve 35 ( refer to para. 4.2.3)
27N relay setting - design limit
PT secondary voltage at 27N relay reset value = 4201.7SV /35« 12005V

Minimum relay dropout voltage = 120.05 V x 0.995 (99.5% of pickup) = 119.45 V
Mimimum relay dropout primary voltage = 119.45 V x 35 = 4180.75 V

TLU = 20.737% (refer to para. 8.1.2.2)
=121 Vx0.00737 =« 0.89 V

Consider an engineering margin of ..46 V to agree with the existing nominal setting of
121,40V,

Nominal relay reset (pickup) voltage = 120.05 V + TLU + Engineening margin
= 12005V 4083V +046V
=121.40V

Nominal relay reset (pickup) primary voltage = 121.40 V x 35 = 4249.00 V

Nomunal relay dropout voltage = 121.40 V x 0.995 = 120.80 V
Nominal relay dropout primary voltage = 120.80 V x 35 = 4228.00 V

Maximum relay reset (mickup) voltage = 121.4 V + TLU + Engineering margin
=1214V 4+ 089V 4046V
= 12275V

Maximum relay reset (pickup) primary voltage = 122.75 V x 35 = 4296.25 V

b.
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Maximum relay dropout voltage = 122.75 V x 0.995 = 122.14 V
Maximum relay dropout primary voltage = 122.14 V x 35 =4274.50 V

The min. relay dropout voltage at 4.16 KV bus is 119.45 V x 35 = 4180.75 V or 1.00¢
p-u. which exceeds the post acoident steady state voltages of 4.16 KV Class 1E buses
shown in paragraph 8.4.2 of CCN 20 1o E4C-098.

8.2.3 27N relay setting - Allowable values (As-Found) during surveillance test

Nominal relay reset (pickup) voltage = 121.40 V
Nominal relay reset (pickup) primary voltage = 121.40 V x 35 = 4249.00

Nominal relay dropout voltage = 121,40 V x 0,995 = 12 10V
Nominal relay dropout primary voltage = 120.80 V x 35 = 4228.00 V
Tolerance for allowahle value = $0.37% (refer to para. 8.1.2.3)

=121 Vx 00037 =045V

Cor.auier an engineering rargin of 0.46 V (refer to para. 5.1 & 8.2.2),

‘iinimum relay reset (pickup) voltage = 121.4V - TLU - Engincering margin
=]21.4V-045V-046V
= 12049V

Minimum relay reset (pickup) primary voltage = 120.49 V x 35 = 4217.15V

Minimum relay dropout voltage = 120.49 V x 0.995 = 119.89V
Minimum relay dropout pnmary voltage » 119.89 V x 35 = 4196.15 V

Maximum relay reset (pickup) voltage = 121.40 V + TLU + Engineering margin
=]214V+045V+046V
=12231V
Maximum relay reset (pickup) primary voltage = 122.31 V x 35 = 428085 V
Maximum relay dropout voltage = 122.31 V x 0.995 = {21, 70V
Maximum relay dropout primary voltage = 121.70 V x 35 =4259.5 V

8.2.4 27N relay seting - As-Left setting during surveillance test (refer to para. 8.1.2)

Nominal relay reset (pickup) voltage = 121.40 V
Nomuinal relay reset (pickup) primary voltage = 121.40 V x 35 = 4249 00 (1.021 p.u.)

Nominal relay dropout voltage = 121.40 V x 0.995 = 1208 V
Nominal relay dropoul primary voltage = 120.80 V x 35 = 4228.00 V (1.016 p.u.)

SOF 26426 REV 1 898 REFERENCE 80120 XXNV-7.18) E4COMS 715 wor
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Setung tolerance = 20.1 V (refer 1o para. 3.3)
Minimum relay reset (pickup) voltage = 12140V -0.| Ve 121,30V
Minimum relay reset (pickup) primary voltage = 121.30 V x 35 = 42455 V (1.021 p.u.)
Minimum relay dropout voltage = 121.30 V x 0.995 = 120.7 V
Minimum relay dropout primary voitage = 120.7 V x 35 = 4224.5 V (1.016 p.u)
Maximum relay reset (pickup) voltage = 12140V + 0.1 V= 121.5V
Maximum relay reset (pickup) primary voltage = 121.5 V x 35 = 4252.5 V (1.022 p.u.)
Maximum relay dropout voltage = 121.5 V x 0.995 = 1209 V
Maximum relay dropout primary voltage = 120.9 V x 35 =4231.5 V (1.017 p.u.)
B.3 27N relay tme delay setpoint (refer to para.s 3.5 & 8.1.3)

8.3.1

8.3.2

27N relay time delay - design limit

Setpoint - 2 seconds

Design limut - 2 seconds £ 10% = 2 seconds ¢ 0.2 second

27N relay ume delay - Allowable value (As-Found setting) during surveillance test
Setpoint - 2 seconds

Allowabie value - 2 seconds £ 8.72% = 2 seconds & 0.1744 second

27N relay ume delay As-Left setting

2 seconds £ 0.02 second
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8.4

CV-2 Relay Voltage Setpoint ( refer to para.s 3.3, 5.2.2, & 8.1.4)

4.1

84.2

8.4.3

Operating range of CV-2 relay
Relay setpoint: 105V
TLU of CV-2 relay: +3.3%

Since the function of the CV-2 is to generate LOVS on loss of voltage condition within a
specific time, CV-2 relay with a fixed time dial will dropout at the same time on a loss
af power condition regardless of voltage tap settings (existing voltage tap of 105 V is
arbatrary). Therefore, TLU of £3.3% for the CV-2 relay voltage tap will be utilized for
Tech. Spec. and surveillance procedure.

Relay operating voltage. considenng relay circuit inaceuracy:

Min. operating voltage at relay » 105 V x 0.967 = 101.54 V
Min. operating voltage at bus » 101.54 V x 35 = 3553.9 V

Max. operating voltage at relay = 105V x 1.033 = 108.47 V
Max. operating voliage at bus = 108.47 V x 35 = 3796.45 V

CV-2 relay voltage tap As-Left setting
105V21%=105V2IOSY

In order to protect the 4.16 kV motors during a short time voltage dip, the CV-2 relay
should operate within 15 seconds at 75% of rated motor voltage.

The voltage at the CV-2 relay corresponding to 75% of rated motor voltage:
Vesy = (0.75 x rated motor voltage) / PT ratio
- (0.75 x 4160 V) / 35
=891V
The voltage drop hetween 4.16 KV bus and 2 motor is considered negligible.
Considering relay circuit inaccuracy:

Ve me =891 V09678616V
Vs oe = 89.1V x1.033 = 9204 V

These voltages correspond to 82.1% and 87.7% of the existing relay tap setting (105 V),
respectively. The existing relay (with 105 V tap and time dial #1) will operate within §
seconds at these voltages.

b
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8.5

CV-2 relay time delay setpoint ( refer (o para.s 35,38, 522 &8.1.5)

8.5.1

852

853

Existing setting

Time dial of CV-2 relay was adjusted such that the time delay of the entire LOVS

channel up to and including 127F-1X3 and 127F-1X1/127F1-X2 is 1.00 £ 0.05 seconds.
A LOVS channel consists of relay 127F] and auxiliary relays 127F-1X3 and 127F-

1X1/127F-1X2 in senes. This urming requirement also applies to the LOVS channels

associated with relays 127F-2, 127F-3, and 127F-4

Allowable values
Since the upper limit of the time deiay is the limiting condition, adjust CV-2 relay time

chal to limit the maximum time delay if the entire LOVS channel to 1.00 second,

considering TLU of the relay circuit and pickup time of the auxiliary relays 127F-1X3
and 127F-1X1/X2.

Time delay of the entire LOVS channel should be

X second + 5% of X second + 10 cycles (2-HFA relays operating time) < 1.0 second
(Refer to CON 20 to E4C-098 for HFA relay operating tome)

Where X is operating time of CV-2 relay on loss of voltage

1.05X second + 10 cycles < 1.0 second

1.05X < 0.83 second, X < 0.79 second

Adjust time dial t0 operate in 0.79 second on loss of voltage

Upper limit » 0.79 sec. x 1.05 + 10 cycles = 0.9962 second < 1.0 second

Since the minimum operating time of the GE HFA relay is not availabie, only the CV-2
relay tolerance of 5% is conservatively considered.

Lower |imit = 0.79 x 0.95 = 0.7505 second
0.75 second < Allowable limit s 1.0 second

M&TE tolerance of 0.062% (refer to para. 8.1.1.2) is considered negligible for less than
1 second time range.

As-Left setting
Upper limit: 0.79 sec. + 1% (setting tolerance ) + 10 cycles = 0.965 second

Lower limit: 0.79 sec. - 1% (setting tolerance ) = 0.782 second
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8.6 Time delay relay 162D-1,2,3,& 4 setpoint (refer to para. 8.1.8)

8.6.1 Setpoint for design limit

Setpoint - 110 seconds

110 seconds £ 20% = 110 seconds + 22 seconds
8.6.2 Setpoint for allowable value

110 seconds £ 16.4% = 110 seconds + 18 seconds
8.6.3 As-Left setting

110 seconds % 2 seconds

8.7 Time delay relay 1628-1,2,3,& 4 setpoint (refer to para. 8.1.6)

8.7.1 Setpoint for design limit

Setpoint - 4.3 seconds

4.3 seconds £ 4.4% = 4.3 seconds  0.19 second
8.7.2 Setpoint for allowable value

4.3 seconds + 3.34% = 4.3 seconds £ 0.14 second
8.7.3 As-Left setung

4.3 seconds + 0.05 seconds

8.8 Time delay relay 162T-1,2,3.& 4 setpoint (refer to para. 8.1.7)

8.8.1 Setpoint for design limit

Setpoint - 1.25 seconds

1.25 seconds % 32% = 1.25 seconds £ 0.4 second
8.8.2 Setpoint for allowable value

1.25 seconds £ 29.87% = 1.25 seconds ¢ 0.37 second
8.8.3 As-Left setting

1.25 seconds £ 0.05 seconds
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