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EARTH FAULT

4.2 P142 (51BS-N) 18
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115/13.8 KV TRANSFORMER DIFFERENTIAL PROTECTION RELAY SETTING

380/115 KV TRANSFORMER DIRECTIONAL E/F PROTECTION RELAY LV-N

PHASE FAULT

115KV BUS COUPLER O/C  PROTECTION RELAY SETTING

115/13.8KV POWER TRANSFORMER  PROTECTION

115KV BUS SECTION O/C  PROTECTION RELAY SETTING

EE-221424

115KV BB/BF  PROTECTION RELAY SETTING

115KV BUS SECTION E/F O/C RELAY

115/13.8 KV TRANSFORMER LV DIRECTIONAL O/C PROTECTION RELAY 

115KV LINE PROTECTION RELAY SETTING

INDEX

115/13.8 KV TRANSFORMER LV NEUTRAL O/C PROTECTION RELAY 

STATION QATIF 115/13.8KV SUBSTATION NO. 2 A

DOCUMENT: RELAY SETTING CALCULATION
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115KV BB DIFFERENTIAL PROTECTION (WITH BUILT IN BF) RELAY 
SETTING

EARTH FAULT
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115/13.8 KV TRANSFORMER RESTRICTED EARTH FAULT PROTECTION 
RELAY SETTING

115/13.8 KV TRANSFORMER HV NON DIRECTIONAL O/C PROTECTION 
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115KV BUS COUPLER E/F O/C RELAY

115KV NEW QATIF U/G CABLE 1,2,3 & 4 PROTECTION SET-1 RELAY SETTING 
(will be sumitted later after receiving measured line parameters)
115KV NEW QATIF U/G CABLE 1,2,3 & 4 PROTECTION SET-2 RELAY SETTING 
(will be sumitted later after receiving measured line parameters)

2



DOC. NO.

Rev.

 

6

PHASE FAULT

6.1 13.8KV STATION SERVICE TRANSFORMER FEEDER O/C RELAY REF615 (50/51) 36

EARTH FAULT

6.2 REF615 (50N/51N) 37

7

PHASE FAULT

7.1 REF615 (50/51) 38

EARTH FAULT

7.2 REF615 (50N/51N) 39

8

PHASE FAULT

8.1 13.8KVBUS SECTION O/C RELAY REF615 (50/51) 40

EARTH FAULT

8.2 REF615 (50N/51N) 41

9

9.1 Capacitor bank neutral un-balance setting MICOM-P142 42

9.2 13.8kV Capacitor bank inst PH O/C  protection (50PA, 50PB & 50PC) ABB-RXIG22 43

9.3 13.8kV Capacitor bank INST E/F  protection-RXIG22 (50PN) ABB-RXIG22 44

9.4 13.8kV Capacitor bank IDMT PH O/C  protection MICOM-P142 45

9.5 13.8kV Capacitor bank IDMT E/F  protection MICOM-P142 46

9.6 13.8kV Capacitor bank O/V   protection 59-1 MICOM-P922 47

9.7 13.8kV Capacitor bank O/V   protection 59-2 MICOM-P922 48

9.8 13.8kV Capacitor bank U/V   protection MICOM-P922 49

10

10.1 13.8KV BUSBAR PROTECTION RELAY SETTING MCAG14 50

10.2 MVTP11 52

13.8KV BUS SECTION EARTH FAULT RELAY

INDEX

13.8KV BUSBAR PROTECTION RELAY SETTING

13.8KV BUSBAR PROTECTION HIGH IMPEDANCE CT SUPERVISION RELAY

DESCRIPTION

13.8KV STATION SERVICE TRANSFORMER FEEDER PROTECTION

EE-221424

STATION QATIF 115/13.8KV SUBSTATION NO. 2 A

13.8KV CAPACITOR BANK RELAY SETTING

SECTION Page No

13.8KV OUTGOING FEEDER E/F O/C RELAY

13.8KV OUTGOING FEEDER O/C RELAY

13.8KV STATION SERVICE TRANSFORMER FEEDER EARTH FAULT RELAY

DOCUMENT: 

13.8KV BUS SECTION PROTECTION

13.8KV OUTGOING FEEDER PROTECTION

RELAY SETTING CALCULATION

3



DOC. NO.

Rev.

 

11

11.1 115KV BCU SYNCHROCHECK FUNCTION SETTING REC670 53

12 TRANSFORMER AVR SETTING

12.1 TAPCON260 54

Annexure-A : Relay and Metering One Line Diagram
Annexure-B : Relay Coordination graphs and ETAP file
Annexure-C : Relay Ordering No.
Annexure-D : Transformer Data and Fault Level Data
Annexure-E : Other Information
Annexure-F : Relay Confoguration Files in PDF format

115/13.8 KV POWER TRANSFORMER AVR SETTING

DOCUMENT: RELAY SETTING CALCULATION

SECTION DESCRIPTION Page No

STATION

EE-221424

115KV BCU SYNCHROCHECK FUNCTION SETTING

QATIF 115/13.8KV SUBSTATION NO. 2 A

INDEX

4



1.1 115KV BUSBAR DIFFERENTIAL PROTECTION (WITH BUILT IN BF) RELAY SETTING (REB 500)

Circuit 
Ref :

Relay 
Designation

Relay 
Type

Make ABB Doc. Ref

Aux. 
Voltage 

CT Ratio PT Ratio

Nominal 
Current

Rated Voltage Freq

CT Data

CT Ratio   :    Primary 3000 A Adopted tap

               :    Secondary 1 A 2000 A

Class TPS

CT Knee Point Voltage  (Vkp) 1666.6 V

Magnetising current IM at Vkp 30 mA

CT Secondary resistance RCT 3.13 Ohms

Ik min                                                                                 1000                          Op char. L1,L2.L3 1000  A

k                            Op char. L1,L2.L3 0.8

Diff. current Alarm c            Op char. L1,L2.L3 10 % I kmin

Delay            Op char. L1,L2.L3 5 S

Ik min                                                                                 1000           Op char. L0 300 A

k            Op char. L0 0.8

Diff. current Alarm c            Op char. L0 10 % I kmin

Delay            Op char. L0 10   s

                
Breaker  Failure  Protection

BFP Active Active

Setting (per CT) 1.2 In

Timer 1 Active Active

Ttimer 2 Active Active

Timer 1 100 ms

Ttimer 2 150 ms

Inter trip pulse Duration 200 ms

Logic type 1

EE-221424

A

DOCUMENT: Doc. No.:

STATION: Rev. No.:

RELAY SETTING CALCULATION

QATIF 115/13.8KV SUBSTATION NO.2

REB500

60HZ

Bus 1A,1B,2A,2B 
and check zone

125 V DC

1A

87B+50BF

2000/1 _

 

QATIF 115/13.8KV 
SUBSTATION NO. 2 5

RELAY SETTING
REV.A



Document Title: DOC. NO.

Substation: Rev. No.

2.1 115/13.8KV Power Transformer Differential Protection

Circuit 
Ref :

Relay 
Designation

Relay 
Type

Make ABB Doc. Ref

Aux. 
Voltage 

CT Ratio
Relay 
order #

Nominal 
Current

Rated 
Voltage

Freq

  HV MV Remarks

Voltage Ratio 115 / 13.8 kV

Connection D / y

Vector group

Rating  ONAN 50 / 50 MVA

Rating  ONAF 67 / 67 MVA

OLTC Type

Highest tap 1 129.38 kV

Nominal tap 11 115 kV  Nominal tap

Lowest tap 27 92 kV

Rated Current @ 67 MVA at Highest tap= MVA*1000/SQRT(3) x KV

299 A

Rated Current @ 67 MVA at Nominal tap= MVA*1000/SQRT(3) x KV

336 A

Rated Current @ 67 MVA at Lowest tap = MVA*1000/SQRT(3) x KV

420 A

% Impedance on 50MVA Base HV-MV HV-TV MV-TV

Positive Sequence Impedance, Tap 1 23.60% - -

Positive Sequence Impedance, Tap 11 22.00% - - Nominal tap

 

Positive Sequence Impedance, Tap 27 22.30% - -

Transformer HV side CT ratio 3000 / 1 A MRCT

Adopted tap 500 / 1 A

Rated HV Side. current @67MVA 336 A  

500/1A
RET670 *1.2-B40X00-D02-D04P01-
01-C-B-K-B-B-B3-DAXE

_

OLTC range                                                                                  115 (+10 to -16) x 1.25%kV           

RET670

60HZ

T601, T602 & T603

125 V DC

1A

87T / T601
87T / T602
87T / T603

EE-221424

A

RELAY SETTING CALCULATION

QATIF 115/13.8KV SUBSTATION NO.2

Dyn1

Calculation for Transformer Differential Protection 87T settings :

QATIF 115/13.8kV 
SUBSTATION NO.2 6

RELAY SETTING
Rev.A



Document Title: DOC. NO.

Substation: Rev. No.

EE-221424

A

RELAY SETTING CALCULATION

QATIF 115/13.8KV SUBSTATION NO.2

Transformer MV side CT ratio 4000 / 1 A DRCT

Adopted tap 4000 / 1 A

Rated Sec. current @ 67MVA 2803.1 A

Maximum current error due to OLTC  (26 taps x 1.25%) = 32.5 %

Setting Parameter for Differential protection DIFP

Unit

KV

KV

KV

A

A

A

-

-

-

ClockNumberW1 deg

-

-

-

-

-

-

-

-

-

%

% of Ir

% of Ir

%

%

-

TV rating voltage-RatedVoltageW3

RatedCurrentW3

--

-- TV rating current-

-- 2803

RatedVoltageW2 -- 13.8 MV rating voltage

RatedCurrentW2

27 the highest Tap position

Winding1 (W1) Tap Changer location

LowTapPosOLTC1

StepSizeOLTC1 -- 1.25% max. resolution of Tap

TapLowVoltTC1 -- 5

-- 1 the lowest Tap position

On/Off Off

TconfigForW2 On/Off Off

wye (y) MV side connection type

-- 1 [30 deg lag] clock number

ConnectTypetW3

--

MV rating current

DELTA (D)

--

HV side connection type

ConnectTypetW2

ZSCurrSubW1 On/Off On
Operation Zero Seq Current 
Subtraction Off/On for HV

LocationOLTC1 Winding1 (W1) / Winding2 (W2)

ZSCurrSubW2 On/Off On

TconfigForW1

Operation Zero Seq Current 
Subtraction Off/On for LV

Other Parameters -- -
not relevant for this application 
use default value

I5/I1 ratio 5-100 25% Fifth to first harmonic ratio

I2/I1 ratio 5 -100 15% Second to first harmonic ratio

Idure 100 - 5000 575% Unrestrained limit

RatedTapOLTC1

HighTapPsOLTC1 --

-- 11 the nominal Tap position

Idmin 10 - 60 30% Maximum Sensitivity

RatedCurrentW1 -- 336 HV rating current

ConnectTypetW1 --

Range Setting Description

-- 115 HV rating voltage

Parameter

- TV side connection type

RatedVoltageW1

QATIF 115/13.8kV 
SUBSTATION NO.2 7

RELAY SETTING
Rev.A



Doc. No.: EE-221424

Rev. No.: A

2.2 115/13.8KV Transformer LV Restircted Earth Fault  Protection Relay Setting 

Circuit Ref 
:

Relay 
Designation

Relay Type Make Areva

Aux. 
Voltage 

CT Ratio ORDERING NO

Nominal 
Current

Freq

CT Data

CT Ratio   :    Primary 4000 A

               :    Secondary 1 A

Class TPS

CT Knee Point Voltage  (Vkp) 500 V

Magnetising current IM at Vkp 30 mA

CT Secondary resistance RCT 14 Ohms

Max Through fault current 

Max Through fault current 25 k A

Relay setting calculations

As per MCAG relay catalogue,

Vs' > If (Rs + Rp)

VsA = VA/Ir + Ir Rsr

Is = Ir + nIe

where,

Vs' = Minimum required stability voltage

If = Maximum sec. through fault current

Rs = CT secondary winding resistance

Rp = maximum loop lead resistance between

CTs and relay

VsA = Actual voltage setting

VA = relay burden

Ir = Relay setting current

Rsr = Resistance of Stabilising series resistor

Is = Effective fault setting expressed in

secondary current

87REF

4000

60HZ

DOCUMENT: RELAY SETTING CALCULATION

MCAG 14

SS DB 0220A

T601 , T602 & T603

125 V DC

1

STATION: QATIF 115/13.8KV SUBSTATION NO.2

QATIF 115/13.8KV
SUBSTATIN NO.2

8
RELAY SETTING

 REV.A



Doc. No.: EE-221424

Rev. No.: A

DOCUMENT: RELAY SETTING CALCULATION

STATION: QATIF 115/13.8KV SUBSTATION NO.2

Ie = Magnetising current of CT

n = number of CT groups forming the

protected zone.

To determine stability voltage for through fault V s'

Voltage across the relay at I FS   (VS)

CT Resistance (RCT) = 14 Ohms

Lead Loop Resistance (RL) = 0.875 Ohms

Maximum through fault current reflected in CT secondary If = 25x1000x1/4000 = 6.3

VS' = IFS * ( RCT +  RL )       = 6.25 X (14+0.875)

92.96875 Volts

Setting voltage 93 V

Setting of the Pickup for the relay, Ir 0.1 A

Rated burden of the relay at relay setting 1 VA

To determine series stabilising resistance R sr

Stabilising Resistance Rsr = (Vs' - VA/Ir)/Ir (Required) 830.00 ohms

Selected value of stabilising Resistors 1000.00 ohms

Actual Voltage Setting VsA = VA/Ir + Ir*Rsr 93.00 V

the required resistance to the rated value ratio 83.00%

Minimum Fault sensitivity

The offered CT Im 30 mA

Ip T * (Ir + nIm + IM)

Ir 0.10 A

Im at Ual x VsA

Ual

30 x 93 / 500

0.006 A

Total Im for 4 CTs 4 x 0.0056

nIm 0.023 A

IM at Vs 0.52*(sqrt(2)*Vi / C)1/b

C 900

b 0.25

0.52 x (SQRT(2) x 93/ 900)^4

0.00024 A

Ip T * (Ir + nIm + IM)

4000 x (0.1 + 0.023 + 0.00024)

493.0 A

The Sensitivity of the bus bar  Protection is 12.32%  of CT  rating 

Im at Vs'

Rsr selection is suitable since its not less 
than 65% 

QATIF 115/13.8KV
SUBSTATIN NO.2

9
RELAY SETTING

 REV.A



Doc. No.: EE-221424

Rev. No.: A

PHASE FAULT

2.3 Applicable for -

Relay ordering number = P142316D6M044OJ

System voltage: HV = 115.0 KV

LV = 13.8 KV

CT Ratio = 500 /1 A

Load = 67 MVA

Load Current = 67*1000/(115*sqrt(3)) 336

Tripping co-ordination = 13.8kV Bus Tie O/C Protection
Tripping co-ordination curve = Annexure-B
Overload Factor = 1.20

Relay Pick up Setting Pick up = 1.2*336/500 0.80640 A

Pick up current Chosen = 0.81 In
Required Tripping co-ordination with = T803 MV Directional O/C RelayT803 MV Directional O/C Relay operating time at fault = 0.35S @ 14520 A
Fault Current on HV Side = 8830*13.8/115 (ETAP Fault File-Annexure B) 1059.60 A

= 0.73S @ 8830A

Required operating time for HV side Directional O/C relay = 0.726 + 0.35 1.08S

fault current on HV Side = 14520 * 13.8/115 = 1742.4
Multiple of fault current w.r.t pickup current = 1059.6/(0.81*500) 2.61630

Relay operating time at TMS = 1 = 0.14 / (2.6162962962963^0.02 - 1) = 7.21 S

Required TMS = 1.076 / 7.20854982736079 = 0.15

TMS Chosen = 0.150

Operating time @ 1.052kA = 0.15*0.14/(2.6162962962963^0.02-1)   =   1.081282474

Highset setting = 1.25 times of Maximum through fault current

Maximum through fault current = 1059.00A

= 1.25*1059.6/500 2.649

HS Chosen = 2.65In

Settings for 67MVA Powertransformer HV side Non Directional O/C Relay - 50/51 HV (AREVA P142)

IDMTL Curve = Standard Inverse(IEC)

Relay Pick up Setting = 0.81 In - Setting Range = 0.08 to 4xIn  in step of 0.01In

TMS = 0.150 - Setting Range = 0.025 to 1.2  in step of 0.025

HS pick up setting = 2.65In - Setting Range = 0.08 to 32In  in step of 0.01In

High Set time delay = 0.050 - Setting Range = 0.00 to 100s  in step of 0.01s

115KV POWER TRANSFORMER HV Side NON DIRECTIONAL O/C Relay 
(AREVA-P142)

DOCUMENT: 

STATION: 

RELAY SETTING CALCULATION

QATIF 115/13.8KV SUBSTATION NO. 2

OPERATING TIME OF 13.8KV BUS TIE O/C RELAY FOR FAULT AT 
13.8KV BUS

QATIF 115/13.8KV
SUBSTATION NO.2

10

RELAY SETTING
REV.A



Doc. No.: EE-221424

Rev. No.: A

PHASE FAULT

2.4 Applicable for -

Relay ordering number = P142316D6M04FOJ

System voltage: = 13.8 KV

CT Ratio = 4000 /1 A

Load = 67 MVA

Load Current = 67*1000/(13.8*sqrt (3)) 2803.00 A
Tripping co-ordination curve = Annexure-B

Grading of Transformer LV Directional relay is such that it should operate before Bus Tie O/C relay for Transformer fault

Recommended Pick up setting = 50% of load current

Relay Pick up Setting Pick up = 0.5*2803/4000 0.35038 A

Pick up current Chosen = 0.36

Maximum 3 phase fault current = 8830 A (ETAP Fault File-Annexure B) 8830.00 A

Bus Tie operating  time for this fault current = 0.719S

Required Transformer LV side directional O/C relay operating time = 0.35 s

Multiple of fault current w.r.t pickup current = 8830/(0.36*4000)

= 6.130

Relay operating time at TMS = 1 = 0.14 / (6.13^0.02 - 1) = 3.79 S

Required TMS = 0.35 / 3.79 = 0.09 S

TMS Chosen = 0.100

Operating time @ 8.83 kA = 0.1*0.14/(6.13^0.02-1) = 0.379

Settings for 67MVA Autotransformer MV side  Directional O/C Relay - 67 MV (AREVA P142)

IDMTL Curve = Standard Inverse(IEC)

Relay Pick up Setting = 0.36 In - Setting Range = 0.08 to 4xIn  in step of 0.01In

TMS = 0.100 - Setting Range = 0.025 to 1.2  in step of 0.025

380KV AUTOTRANSFORMER MV Side DIRECTIONAL O/C Relay (AREVA-
P142)

DOCUMENT: RELAY SETTING CALCULATION

STATION: QATIF 115/13.8KV SUBSTATION NO.2

QATIF 115/13.8KV
SUBSTATION NO.2 11

RELAY SETTING
REV.A
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Doc. No.: EE-221424

Rev. No.: A

EARTH FAULT

2.5 Applicable for -

Relay ordering number = P142316D6M054OJ

System voltage: HV = 115.0 KV

LV = 13.8 KV

CT Ratio = 500 /1 A

Load = 67 MVA

Load Current = 67*1000/(115*sqrt(3)) 336

Tripping co-ordination = None
Tripping co-ordination curve = Annexure-B
Required Sensitivity = 15% (of CT Rating)

Relay Pick up Setting Pick up = 0.15 In 0.15 In

Pick up current Chosen = 0.15 In
Required Tripping co-ordination with = T803 MV Directional O/C RelayT803 MV Directional O/C Relay operating time at fault = 0.35S @ 14520 A
Maximum unbalance secondary current = 5 Times of Setting (assumed)

Required operating time = 0.50S 0.50S

fault current on HV Side = 14520 * 13.8/115 = 1742.4
 

Relay operating time at TMS = 1 = 0.14 / (5^0.02 - 1) = 4.28 S

Required TMS = 0.5 / 4.27972007094537 = 0.117

TMS Chosen = 0.125

Operating time = 0.125*0.14/(5^0.02-1)   =   0.534965009

Highest setting = 1.25 times of maximum unbalance secondary current

= 1.25*5*0.15*500/500 0.9375

= 0.94In

Settings for 67MVA Powertransformer HV side Non Directional E/F Relay - 50N/51N (AREVA P142)

IDMTL Curve = Standard Inverse(IEC)

Relay Pick up Setting = 0.15 In - Setting Range = 0.08 to 4xIn  in step of 0.01In

TMS = 0.125 - Setting Range = 0.025 to 1.2  in step of 0.025

HS pick up setting = 0.94In - Setting Range = 0.08 to 32In  in step of 0.01In

High Set time delay = 0.000 - Setting Range = 0.00 to 100s  in step of 0.01s

115/13.8KV TRANSFORMER HV Side DIRECTIONAL E/F Relay (AREVA-
P142)

DOCUMENT: 

STATION: 

RELAY SETTING CALCULATION

QATIF 115/13.8KV SUBSTATION NO.2 

QATIF 115/13.8KV
SUBSTATION NO.2

12

RELAY SETTING
REV.A



Doc. No.: EE-221424

Rev. No.: A

EARTH FAULT

2.6 Applicable for -

Relay ordering number = P142316D6M044OJ

System voltage: HV = 115.0 KV

MV = 13.8 KV

CT Ratio = 4000 /1 A

Load = 67 MVA

Load Current = 67*1000/(13.8*sqrt(3)) 2803

Tripping co-ordination = Annexure-B
Tripping co-ordination curve = Annexure-B
Grading of Transformer LV DEF relay is such that it should operate before Bus Tie E/F relay for transformer fault

Relay Pick up Setting Pick up = 0.15 In 0.15 A

Pick up current Chosen = 0.15 In
Required Tripping co-ordination with = T803 MV Directional O/C RelayT803 MV Directional O/C Relay operating time at fault = 0.35S @ 14520 A
Maximum Through fault current = 9090 A (ETAP Fault File-Annexure B)

13.8kv Bus Tie O/C Relay operating time for this fault current = 0.703 0.703S

Required operating time = 0.35 s
fault current on HV Side = 14520 * 13.8/115 = 1742.4
Multiple of fault current w.r.t pickup current = 9090/(0.15*4000) 15.15000

15.150

Relay operating time at TMS = 1 = 0.14 / (15.15^0.02 - 1) = 2.51 S

Required TMS = 0.35 / 2.50605677006555 = 0.14

TMS Chosen = 0.150

Operating time @ 9.09kA = 0.15*0.14/(19.49^0.02-1)   =   0.375908516

Settings for 67MVA Powertransformer MV side  Directional E/F Relay - 67 MVN (AREVA P142)

IDMTL Curve = Standard Inverse(IEC)

Relay Pick up Setting = 0.15 In - Setting Range = 0.08 to 4xIn  in step of 0.01In

TMS = 0.150 - Setting Range = 0.025 to 1.2  in step of 0.025

67 MVA POWER TRANSFORMER MV Side DIRECTIONAL E/F Relay 
(AREVA-P142)

DOCUMENT: 

STATION: 

RELAY SETTING CALCULATION

QATIF 115/13.8KV SUBSTATIO NO.2 

QATIF 115/13.8KV
SUBSTATION NO.2

13

RELAY SETTING
REV.A



Doc. No.: EE-221424

Rev. No.: A

EARTH FAULT

2.7 Substation - QATIF 115/13.8KV SUBSTATION NO. 2

Applicable for - 67MVA TRANSFOMER MV GROUND O/C Relay (AREVA-P142)

Relay ordering number = P142316D6M044OJ

System voltage: = 13.8 KV

CT Ratio = 4000 /1A

Load = 67 MVA

 

Load Current = 67*1000/(13.8*sqrt(3)) = 2803.08 A

Required sensitivity = 40.00% OF CT RATING

Relay Pick up Setting = 0.4*1 = 0.4000 In

Pick up Chosen = 0.400 In Pick up Current Chosen = 0.400 A

Required Co-ordination = 13.8kV Bus Tie E/F Relay

Fault current for co-ordination = 9090 A (ETAP Fault File - Annexure B)

Bus Tie E/F Relay operating time for this fault current = 0.14 x0.25/(11.363^0.02-1) 0.70799784

Required Operating time = 0.35+0.707

= 1.058S

Multiple of fault current w.r.t pick-up current = 9090/(0.4*4000)

= 5.58

Operating time at TMS=1 = 0.14/(5.581^0.02-1)

= 4.00S

Required TMS = 1.05799783966979 /4 = 0.265

TMS Chosen 0.275S

Operating Time @8.93kA = 0.275*0.14/(5.581^0.02-1) = 1.100

Settings for 67MVA  TRANSFORMER MV GROUND O/C Relay - 51G (AREVA P142)

IDMTL Curve = Standard Inverse(IEC)

Relay Pick up Setting = 0.40 A - Setting Range = 0.08 to 4xIn  in step of 0.01In

TMS = 0.275 - Setting Range = 0.025 to 1.2  in step of 0.025

DOCUMENT: RELAY SETTING CALCULATION

STATION: QATIF 115/13.8KV SUBSTATION NO. 2

QATIF 115/13.8KV
SUBSTATION NO.2 14

RELAY SETTING 
REV.A
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3.1 115KV BUS COUPLER OVERCURRENT RELAY SETTING 

PHASE FAULT

Substation - QATIF 115/13.8KV SUBSTATION NO.2 

Applicable for -

Relay Type = P142

Relay Ordering No. = P142316D6M044OJ

System voltage: = 115.0 KV

CT Ratio = 2000 /1 A

Load Current = 808.00 A (ASSUMED)

Over load factor = 1

Tripping co-ordination curve = Annexure-B

Load Current = 808 A

Relay Pick up Setting = 1 X 808/2000 = 0.40400 A

Pick up  current Chosen = 0.41

Maximum fault current at 115kV Bus = 24600 A (ETAP Fault File - Annexure B)

Required op. time for this fault current is = 0.50 Sec

Multiple of fault current w.r.t pick-up current = 24600/(0.41x2000)

= 30 Since 30>20

Operating time at TMS =1 = 0.14 /(20^0.02-1) = 2.2674 S

Required TMS = 0.5 /2.26736 = 0.221

TMS Chosen = 0.225

Operating time at selected TMS = 0.14 * TMS / (multiples of optg. Current ^0.02 -1)

= 0.14  * 0.225/ (20^0.02 - 1) = 0.5102 s

Settings for 115kV Bus Coupler O/C Relay - 50/51 (AREVA P142)

IDMTL Curve = Standard Inverse(IEC)

Plug Setting = 0.41 - Setting Range = 0.08 to 4xIn  in step of 0.01In

TMS = 0.225 - Setting Range = 0.025 to 1.2  in step of 0.025

DOCUMENT: EE-221424

STATION: A

RELAY SETTING CALCULATION

QATIF 115/13.8KV SUBSTATION NO.2 

115KV BUS COUPLER FEEDER OVERCURRENT 
RELAY

QATIF 115/13.8KV SUBSTATION NO.2 15

RELAY SETTING
REV.A
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3.2 115KV BUS COUPLER E/F OVERCURRENT RELAY SETTING 

EARTH FAULT

Substation - QATIF 115/13.8KV SUBSTATION NO.2

Applicable for -

Relay Type = P142

Relay Ordering No. = P142316D6M044OJ

System voltage: = 115.0 KV

CT Ratio = 2000 /1 A

Tripping co-ordination curve = Annexure-B

Relay Pick up Setting = 20% of CT RATING = 0.2In

Pick up  current Chosen = 0.2

Maximum 1 Ph earth fault current att 115kV Bus  = 19500 A (ETAP Fault File - Annexure B)

Required operating time at 19500 A = 0.4000S

Multiple of fault current w.r.t pick-up current = 19500/(0.2x2000)

= 48.75 Since 48.75 > 20

Operating time at TMS =1 = 0.14 /(20^0.02-1) = 2.2674 S

Required TMS = 0.4 /2.26736 = 0.176

TMS Chosen = 0.175

Operating time at selected TMS = 0.14 * TMS / (multiples of optg. Current ^0.02 -1)

= 0.14  * 0.175/ (20^0.02 - 1) = 0.3968 s

Settings for 115kV Bus Coupler O/C Relay - 50/51 (AREVA P142)

IDMTL Curve = Standard Inverse(IEC)

Plug Setting = 0.2 - Setting Range = 0.08 to 4xIn  in step of 0.01In

TMS = 0.175 - Setting Range = 0.025 to 1.2  in step of 0.025

DOCUMENT: EE-221424

STATION: A

RELAY SETTING CALCULATION

QATIF 115/13.8KV SUBSTATION NO.2

115KV BUS COUPLER E/F OVERCURRENT RELAY

QATIF 115/13.8KV SUBSTATION NO.2 16

RELAY SETTING
REV.A
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4.1 115KV BUS SECTION OVERCURRENT RELAY SETTING 

PHASE FAULT

Substation - QATIF 115/13.8KV SUBSTATION NO.2

Applicable for -

Relay Type = P142

Relay Ordering No. = P142316D6M044OJ

System voltage: = 115.0 KV

CT Ratio = 2000 /1 A

Tripping co-ordination curve = Annexure-B

Load Current = 808 A (assumed)

Overload Factor = 1.0 KV

Relay Pick up Setting = 1 X 808/2000 = 0.40400 A

Pick up  current Chosen = 0.41

Max. 3 ph. fault current = 24600 A (ETAP Fault File - Annexure B)

= 0.51 Sec

Required op. time for B/S relay is = 0.51+0.35 0.86016

Multiple of fault current w.r.t pick-up current = 24600/(0.41x2000)

= 30 Since 30 > 20

Operating time at TMS =1 = 0.14 /(20^0.02-1) = 2.2674 S

Required TMS = 0.86016 /2.26736 = 0.379

TMS Chosen = 0.400

Operating time at selected TMS = 0.14 * TMS / (multiples of optg. Current ^0.02 -1)

= 0.14  * 0.4/ (20^0.02 - 1) = 0.8593 s

Settings for 115kV Bus Section O/C Relay - 50/51 (AREVA P142)

IDMTL Curve = Standard Inverse(IEC)

Plug Setting = 0.41 - Setting Range = 0.08 to 4xIn  in step of 0.01In

TMS = 0.400 - Setting Range = 0.025 to 1.2  in step of 0.025

115KV BUS SECTION FEEDER OVERCURRENT 
RELAY

BUS COUPLER  operating time for this fault current

DOCUMENT: EE-221424

STATION: A

RELAY SETTING CALCULATION

QATIF 115/13.8KV SUBSTATION NO.2

QATIF 115/13.8KV SUBSTATION NO.2 17

RELAY SETTING
REV.A
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4.2 115KV BUS SECTION E/F OVERCURRENT RELAY SETTING 

EARTH FAULT

Substation - QATIF 115/13.8KV SUBSTATION NO.2

Applicable for -

Relay Type = P142

Relay Ordering No. = P142316D6M0440J

System voltage: = 115.0 KV

CT Ratio = 2000 /1 A

Tripping co-ordination curve = Annexure-B

Relay Pick up Setting = 25% of CT RATING = 0.25In

Pick up  current Chosen = 0.25

Maximum 1 phase earth fault current at 115 kV Bus  = 19500 A (ETAP Fault File - Annexure B)

BUS COUPLER operating time for this fault current = 0.3968S

= 0.396+0.35 0.747

Multiple of fault current w.r.t pick-up current = 19500/(0.25x2000)

= 39 Since 39 > 20

Operating time at TMS =1 = 0.14 /(20^0.02-1) = 2.2674 S

Required TMS = 0.74679 /2.26736 = 0.329

TMS Chosen = 0.350

Operating time at selected TMS = 0.14 * TMS / (multiples of optg. Current ^0.02 -1)

= 0.14  * 0.35/ (20^0.02 - 1) = 0.7936 s

Settings for 115kV Bus Section O/C Relay - 50/51 (AREVA P142)

IDMTL Curve = Standard Inverse(IEC)

Plug Setting = 0.25 - Setting Range = 0.08 to 4xIn  in step of 0.01In

TMS = 0.350 - Setting Range = 0.025 to 1.2  in step of 0.025

115KV BUS SECTION E/F OVERCURRENT RELAY

Required Operating time 

DOCUMENT: EE-221424

STATION: A

RELAY SETTING CALCULATION

QATIF 115/13.8KV SUBSTATION NO.2 

QATIF 115/13.8KV SUBSTATION NO.2 18

RELAY SETTING
REV.A
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6.1 13.8KV STATION SERVICE TRANSFORMER FEEDER OVERCURRENT RELAY SETTING 

PHASE FAULT

Substation - QATIF 115/13.8KV SUBSTATION NO.2 

Applicable for -

Relay Type = REF615

Relay Ordering No. =

System voltage: HV = 13.8 KV

LV = 0.38 KV

CT Ratio = 400 /1 A

Load  (Transformer Rating) = 0.5 MVA

Load Current = 21.00 A

Over load factor = 1.2

Tripping co-ordination curve = Annexure-B

Load Current = 21 A

Relay Pick up Setting = 1.2*21/400 = 0.06300 A

Pick up  current Chosen = 0.07

Max. 3 ph. fault current at the transformer LV = 14860 A (ETAP Fault File - Annexure B)

Fault current seen by relay transformer HV = (14860*0.38/13.8)

= 409  A

409 A

= 0.35 Sec

Multiple of fault current w.r.t pick-up current = 409/(0.07x400)

= 14.607

Operating time at TMS =1 = 0.14 /(14.607^0.02-1) = 2.5411 S

Required TMS = 0.35 /2.5411 = 0.138

TMS Chosen = 0.150

Operating time at selected TMS = 0.14 * TMS / (multiples of optg. Current ^0.02 -1)

= 0.14  * 0.15/ (14.607^0.02 - 1) = 0.3812 s

Highset setting = 1.25 times of Maximum through fault current

Maximum through fault current = 409.000 A

= 1.25 * 409/ 400 = 1.28

HS Chosen = 1.28 In

Time delay = 0.05 s

Settings for Station Service Transformer HV  side O/C Relay - 50/51 (REF615)

IDMTL Curve = Standard Inverse(IEC)

Plug Setting = 0.07 - Setting Range = 0.05 to 5*In  in step of 0.01

TMS = 0.150 - Setting Range = 0.05 to 15  in step of 0.05

HS pick-up setting = 1.280 In - Setting Range = 0.10 to 40xIn  in step of 0.01In

Highset time delay = 0.05 - Setting Range = 0.04 to 200s  in step of 0.01s

13.8KV STATION SERVICE TRANSFORMER T301 & T302 
FEEDER OVERCURRENT RELAY

Required O/C relay Operating time for this fault current 

DOCUMENT: EE-221424

STATION: A

RELAY SETTING CALCULATION

QATIF 115/13.8KV SUBSTATION NO.2 

QATIF 115/13.8KV
SUBSTATION NO.2 36

RELAY SETTING
REV.A
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8.2 13.8KV STATION SERVICE TRANSFORMER FEEDER E/F OVERCURRENT RELAY SETTING 

EARTH FAULT

Substation - QATIF 115/13.8KV SUBSTATION NO.2 

Applicable for -

Relay Type = REF615

Relay Ordering No. =

System voltage: HV = 13.8 KV

CT Ratio = 400 /1 A

Load  (Transformer Rating) = 0.5 MVA

Load Current = 21.00 A

Over load factor = 1.2

Load Current = 21 A

Recommended Pick up Setting = 2% of CT rating

Relay Pick up Setting = 0.02 x 1 = 0.02000 A

Pick up  current Chosen = 0.05

Max. through fault current  = 5 X HV FULL LOAD CURRENT

= 5 X 21 105.00 A

= 0.35 Sec Assumed

Multiple of fault current w.r.t pick-up current = 105/(0.05x400)

= 5.25

Operating time at TMS =1 = 0.14 /(5.25^0.02-1) = 4.1518 S

Required TMS = 0.35 /4.15176 = 0.084

TMS Chosen = 0.100

Operating time at selected TMS = 0.14 * TMS / (multiples of optg. Current ^0.02 -1)

= 0.14  * 0.1/ (5.25^0.02 - 1) = 0.4152 s

Settings for Station Service Transformer HV  side E/F O/C Relay - 50N/51N (REF615)

IDMTL Curve = Standard Inverse(IEC)

Plug Setting = 0.05 - Setting Range = 0.05 to 5*In  in step of 0.01

TMS = 0.100 - Setting Range = 0.05 to 15  in step of 0.05

13.8KV STATION SERVICE TRANSFORMER T301 & 
T302 FEEDER E/F OVERCURRENT RELAY

Required Operating time 

DOCUMENT: EE-221424

STATION: A

RELAY SETTING CALCULATION

QATIF 115/13.8KV SUBSTATION NO.2 

QATIF 115/13.8KV
SUBSTATION NO.2 37

RELAY SETTING
REV.A
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7.1 13.8KV OUTGOING FEEDER OVERCURRENT RELAY SETTING 

PHASE FAULT

Substation - QATIF 115/13.8KV SUBSTATION NO.2 

Applicable for -

Relay Type = REF615

Relay Ordering No. =

System voltage: HV = 13.8 KV

CT Ratio = 600 /1 A

Load = 5.0 MVA ASSUMED

Load Current = 209.00 A

Over load factor = 1.2

Tripping co-ordination curve = Annexure-B

Load Current = 209 A

Relay Pick up Setting = 1.2*209/600 = 0.41800 A

Pick up  current Chosen = 0.42

Max. 3 ph. fault current at remote end bus = 7870 A (ETAP Fault File - Annexure B)

= 0.35 Sec

Multiple of fault current w.r.t pick-up current = 7870/(0.42x600)

= 31.23 Since 31.032 > 20

Operating time at TMS =1 = 0.14 /(20^0.02-1) = 2.2674 S

Required TMS = 0.35 /2.26736 = 0.154

TMS Chosen = 0.160

Operating time at selected TMS = 0.14 * TMS / (multiples of optg. Current ^0.02 -1)

= 0.14  * 0.16/ (20^0.02 - 1) = 0.3628 s

Highset setting = 1.25 times of Maximum through fault current

Maximum through fault current = 7870.000 A

= 1.25 * 7870/ 600 = 16.4

HS Chosen = 16.40 In

Time delay = 0.05 s

Settings for OUTGOING FEEDER O/C Relay - 50/51 (REF615)

IDMTL Curve = Standard Inverse(IEC)

Plug Setting = 0.42 - Setting Range = 0.05 to 5*In  in step of 0.01

TMS = 0.160 - Setting Range = 0.05 to 15  in step of 0.05

HS pick-up setting = 16.400 In - Setting Range = 0.10 to 40xIn  in step of 0.01In

Highset time delay = 0.05 - Setting Range = 0.04 to 200s  in step of 0.01s

13.8KV OUTGOING FEEDER OVERCURRENT 
RELAY

Required O/C relay Operating time for this fault current 
Assuming remote end relay 
operates instantaneously

DOCUMENT: EE-221424

STATION: A

RELAY SETTING CALCULATION

QATIF 115/13.8KV SUBSTATION NO.2 

QATIF 115/13.8KV
SUBSTATION NO.2 38

RELAY SETTING
REV.A
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7.2 13.8KV OUTGOING FEEDER E/F OVERCURRENT RELAY SETTING 

EARTH FAULT

Substation - QATIF 115/13.8KV SUBSTATION NO.2 

Applicable for -

Relay Type = REF615

Relay Ordering No. =

System voltage: HV = 13.8 KV

CT Ratio = 600 /1 A

Load  = 5.0 MVA ASSUMED

Load Current = 209.00 A

Over load factor = 1.2

Load Current = 209 A

Recommended Pick up Setting = 10% of CT rating

Relay Pick up Setting = 0.1 x 1 = 0.10000 A

Pick up  current Chosen = 0.1

Max. through fault current  = 6290 A

= 0.35 Sec Assumed

Multiple of fault current w.r.t pick-up current = 6290/(0.1x600) 104.83

= 20 SINCE 104.83 > 20

Operating time at TMS =1 = 0.14 /(20^0.02-1) = 2.2674 S

Required TMS = 0.35 /2.26736 = 0.154

TMS Chosen = 0.150

Operating time at selected TMS = 0.14 * TMS / (multiples of optg. Current ^0.02 -1)

= 0.14  * 0.15/ (20^0.02 - 1) = 0.3401 s

HIGHSET SETTING =

MAXIMUM REMOTE END FAULT CURRENT = 6290.0 A

= 1.25*6290/600 13.1042 s

HS CHOSEN = 13.11In

IDMTL Curve = Standard Inverse(IEC)

Plug Setting = 0.1 - Setting Range = 0.05 to 5*In  in step of 0.01

TMS = 0.150 - Setting Range = 0.05 to 15  in step of 0.05

HIGHEST SETTING = 13.11In Setting Range = 1 to 40xIn  in step of 0.01

= 0.02s Setting Range = 0.02 to 200s  in step of 0.01s

13.8KV OUTGOING FEEDER E/F OVERCURRENT 
RELAY

Required Operating time 

1.2 TIMES OF MAXIMUM REMOTE END FAULT 
CURRENT

HIGHEST TIME DELAY

DOCUMENT: EE-221424

STATION: A

RELAY SETTING CALCULATION

QATIF 115/13.8KV SUBSTATION NO.2 

Settings for Outgoing Feeder E/F O/C Relay - 50N/51N (REF615)

[ ] 1c u r r e n tf a u l t   o f M u l t i p l e s 0 . 0 2 −

QATIF 115/13.8KV
SUBSTATION NO.2 39

RELAY SETTING
REV.A
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8.1 13.8KV BUS SECTION OVERCURRENT RELAY SETTING 

PHASE FAULT

Substation - QATIF 115/13.8KV SUBSTATION NO.2 

Applicable for -

Relay Type = REF615

Relay Ordering No. =

System voltage: = 13.8 KV

CT Ratio = 4000 /1 A

Load Current = 2803.00 A ASSUMED

Over load factor = 1.1

Tripping co-ordination curve = Annexure-B

Load Current = 2803 A

Relay Pick up Setting = 1.2 X 2803/4000 = 0.84090 A

Pick up  current Chosen = 0.85

Max. 3 ph. fault current = 8830 A (ETAP Fault File - Annexure B)

fault current for coordination = 13.8KV OUTGOING FEEDER O/C FAULT CURRENT

=

= 0.36 Sec

Required op. time for B/S relay is = 0.36+0.35 0.72

Multiple of fault current w.r.t pick-up current = 8830/(0.85x4000)

= 2.597

Operating time at TMS =1 = 0.14 /(2.597^0.02-1) = 7.2650 S

Required TMS = 0.7228 /7.265 = 0.099

TMS Chosen = 0.100

Operating time at selected TMS = 0.14 * TMS / (multiples of optg. Current ^0.02 -1)

= 0.14  * 0.1/ (2.597^0.02 - 1) = 0.7192 s

Settings for 13.8kV Bus Section O/C Relay - 50/51 (REF615)

IDMTL Curve = Standard Inverse(IEC)

Plug Setting = 0.85 - Setting Range = 0.05 to 5*In  in step of 0.01

TMS = 0.100 - Setting Range = 0.05 to 15  in step of 0.05

DOCUMENT: EE-221424

STATION: A

RELAY SETTING CALCULATION

QATIF 115/13.8KV SUBSTATION NO.2 

13.8KV BUS SECTION FEEDER OVERCURRENT 
RELAY

IDMT optg time of 13.8kV OUTGOING Feeder O/C relay for this fault 
current

QATIF 115/13.8KV SUBSTATION NO.2 40

RELAY SETTING
REV.A
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8.2 13.8KV BUS SECTION E/F OVERCURRENT RELAY SETTING 

EARTH FAULT

Substation - QATIF 115/13.8KV SUBSTATION NO.2 

Applicable for -

Relay Type = REF615

Relay Ordering No. =

System voltage: = 13.8 KV

CT Ratio = 4000 /1 A

Load Current = 2803.00 A

Over load factor = 1.1

Tripping Coordination = 13.8kV OUTGOING Feeder O/C E/F Protection.

Tripping co-ordination curve = Annexure-B

Load Current = 2803 A

Relay Pick up Setting = 20 % of CT Sec. rating = 0.20000 A

Pick up  current Chosen = 0.2

Max. through fault current  = 9090 A (ETAP Fault File - Annexure B)

= 0.3400S

= 0.34+0.35 0.69

Multiple of fault current w.r.t pick-up current = 9090/(0.2x4000)

= 11.363

Operating time at TMS =1 = 0.14 /(11.363^0.02-1) = 2.8108 S

Required TMS = 0.69 /2.8108 = 0.245

TMS Chosen = 0.250

Operating time at selected TMS = 0.14 * TMS / (multiples of optg. Current ^0.02 -1)

= 0.14 *0.25/ (11.363^0.02 - 1) = 0.7027 s

Settings for Bus Section E/F O/C Relay - 50N/51N (REF615)

IDMTL Curve = Standard Inverse(IEC)

Plug Setting = 0.2 - Setting Range = 0.05 to 5*In  in step of 0.01

TMS = 0.250 - Setting Range = 0.05 to 15  in step of 0.05

DOCUMENT: EE-221424

STATION: A

RELAY SETTING CALCULATION

QATIF 115/13.8KV SUBSTATION NO.2 

13.8KV BUS SECTION A304  E/F OVERCURRENT 
RELAY

Required Operating time 

IDMT optg time of OUTGOING Feeder E/F O/C relay for this fault 
current

QATIF 115/13.8KV SUBSTATION NO.2 41

RELAY SETTING
REV.A
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9 13.8KV CAPACITOR BANK RELAY SETTING

9.1 CAPACITOR BANK NEUTRAL UN-BALANCE SETTING

Substation - QATIF 115/13.8KV SUBSTATION NO.2

Applicable for - 13.8kV CAPACITOR  BANK

Relay Type = AREVA - MICOM P142

Relay Ordering Data = P142316D6M0440J

System voltage: = 13.8 KV

CT Ratio = 50 /5 A

ALARM STAGE CURRENT  SETTING = 2.0 A

ALARM STAGE TIME  SETTING = 5 Sec

TRIP STAGE CURRENT SETTING = 4.14 A

TRIP STAGE TIME SETTING = 1.0 Sec

Settings range  for 13.8kV capacitor bank neutral un-balance current relay 46-1 & 46-2(Areva - MICOM P142)

SETTING FOR STAGE-1

= 2.00 A

= 5.00 s

SETTING FOR STAGE-2

= 4.14 A

= 1.00S

STARTING CURRENT

OPERATING TIME

STARTING CURRENT

EE-221424

STATION: A

RELAY SETTING CALCULATION

QATIF 115/13.8KV SUBSTATION NO.2

DOCUMENT: 

OPERATING TIME

QATIF 115/13.8KV
SUBSTATION NO.2 42

RELAY SETTING 
REV.A
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9 13.8KV CAPACITOR BANK RELAY SETTING

EE-221424

STATION: A

RELAY SETTING CALCULATION

QATIF 115/13.8KV SUBSTATION NO.2

DOCUMENT: 

9.2 13.8kV Capacitor bank inst PH O/C  protection (50PA, 50PB & 50PC)

Substation - QATIF 115/13.8KV SUBSTATION NO.2

Applicable for - 13.8kV CAPACITOR  BANK

Relay Type = ABB - RXIG22

Relay Ordering Data RK 411 008 DG

System voltage: = 13.8 KV

CT Ratio = 1200-600-400/1A

Adopted Tap 600 /1 A

= 2.03kA 

= 2.55kA 

Relay  setting = 1.2 X outrush Current / (SQRT(2) X CTR)

=1.2 x 2.55X 1000 /( sqrt(2) x600)

= 3.61 A

Relay setting = 4.50 A

Back-Back switching is not consider since this detail is not available 

Settings range  for 13.8kV capacitor bank instantaneous PH O/C  - ABB - RXIG22 (50PA,50PB&50PC)

= 4.50 A

Note : Since the relay operating current increases to +600% for 360HZ this setting will not operate the relay during Inrush 
condition.

RELAY SETTING

Maximum peak inrush current 

Maximum peak outrush current 

QATIF 115/13.8KV
SUBSTATION NO.2 43

RELAY SETTING 
REV.A



Doc. No.:

Rev. No.:

9 13.8KV CAPACITOR BANK RELAY SETTING

EE-221424

STATION: A

RELAY SETTING CALCULATION

QATIF 115/13.8KV SUBSTATION NO.2

DOCUMENT: 

9.3 13.8kV Capacitor bank INST E/F  protection-RXIG22 (50PN)

Substation - QATIF 115/13.8KV SUBSTATION NO.2

Applicable for - 13.8kV CAPACITOR  BANK

Relay Type = ABB - RXIG22

Relay Ordering Data RK 411 008 DG

System voltage: = 13.8 KV

CT Ratio = 1200-600-400/1A

Adopted Tap 600 /1 A

2030A @ 358 HZ

2550A @ 358 HZ

RELAY SETTING = 2.25A

Back-Back switching is not consider since this detail is not available 

   

Settings range  for 13.8kV capacitor bank instantaneous E/F Protection(50PN) - ABB - RXIG22

= 2.25ARELAY SETTING

Maximum peak inrush current 

Maximum peak outrush current 

Note : Since the relay operating current increases to +600% for 360HZ this setting will not operate the relay during Inrush 
condition.
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9 13.8KV CAPACITOR BANK RELAY SETTING

EE-221424

STATION: A

RELAY SETTING CALCULATION

QATIF 115/13.8KV SUBSTATION NO.2

DOCUMENT: 

9.4 13.8kV Capacitor bank IDMT PH O/C  protection 

Substation - QATIF 115/13.8KV SUBSTATION NO.2

Applicable for - 13.8kV CAPACITOR  BANK

Relay Type = AREVA - P142

Relay Ordering Data P142316D6M0440J

System voltage: = 13.8 KV

CT Ratio = 1200-600-400/1A

Adopted Tap 600 /1 A

Capacitor  rating = 7.0 MVar

Capacitor  current = =  7x10^3/(sqrt(3) x 13.8) 293.00 A

Relay setting = (1.35Xcapacitor current/CT ratio)

= (1.35X293/600) 0.66 In

Relay IDMTL curve = VERY INVERSE

Fault current considered = 5000A Assumed

Operating time required = 0.5  s Assumed

Fault current in multiples of relay setting = (5000/(0.66X600) 12.63 times

= (13.5/12.63-1) 1.16 S

Required relay operating time = 0.50 s Assumed

Required TMS setting = (0.5/1.16) 0.44

TMS SETTING = 0.45

Settings range  for 13.8kV capacitor bank IDMT  PH O/C Protection(51P) - AREVA - P142

IDMTL Curve = Very Inverse(IEC)

Plug Setting = 0.66 In - Setting Range = 0.08 to 4A in step 0.01A

TMS = 0.45 - Setting Range = 0.025 to 1.2 in step 0.005 

Relay operating time at TMS 1 for 13.66 times the 
fault current
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9 13.8KV CAPACITOR BANK RELAY SETTING

EE-221424

STATION: A

RELAY SETTING CALCULATION

QATIF 115/13.8KV SUBSTATION NO.2

DOCUMENT: 

9.5 13.8kV Capacitor bank IDMT E/F  protection 

Substation - QATIF 115/13.8KV SUBSTATION NO.2

Applicable for - 13.8kV CAPACITOR  BANK

Relay Type = AREVA - P142

Relay Ordering Data P142316D6M0440J

System voltage: = 13.8 KV

CT Ratio = 1200-600-400/1A

Adopted Tap 600 /1 A

Capacitor  rating = 7000.0 KVar

Capacitor  current =   7000/(sqrt(3) x 13.8) 293.00 A

Relay setting = 50% of CT current 

= 0.5

Relay IDMTL curve = Normal Inverse

Fault current considered = 5000 A Assumed

Operating time required = 0.25 s Assumed

Fault current in multiples of relay setting = (5000/(0.5X600) 16.67 times

=

= (0.14/16.67^0.02-1) 2.42 S

Required relay operating time = 0.25 s

Required TMS setting = (0.25/2.42) 0.10

TMS SETTING = 0.10

Settings range  for 13.8kV capacitor bank IDMT E/F  Protection(51N) -AREVA - P142

IDMTL Curve = Normal Inverse(IEC)

Plug Setting = 0.50In - Setting Range = 0.08 to 4A in step 0.01A

TMS = 0.10 - Setting Range = 0.025 to 1.2 in step 0.005 

Relay operating time at TMS 1 for 15.63 times the 

QATIF 115/13.8KV
SUBSTATION NO.2 46

RELAY SETTING 
REV.A



Doc. No.:

Rev. No.:

9 13.8KV CAPACITOR BANK RELAY SETTING

EE-221424

STATION: A

RELAY SETTING CALCULATION

QATIF 115/13.8KV SUBSTATION NO.2

DOCUMENT: 

9.6 13.8kV Capacitor bank O/V   protection 59-1

Substation - QATIF 115/13.8KV SUBSTATION NO.2

Applicable for - 13.8kV CAPACITOR  BANK

Relay Type = AREVA P142

Relay Ordering Data P14231AD6M0**0BJ

PT Ratio = 13.8KV/SQRT(3)/115V/SQRT(3))

Overvoltage setting- Alarm = 105% of nominal voltage

= (1.05*66.39) 70.0 V

Time settings = 5.00S

Overvoltage setting- Trip = 110% of nominal voltage

= (1.1x66.39) 73.0 V

Time settings = 3.00 S

Settings range  for 13.8kV capacitor bank O/V Protection(59-1) -AREVA P142

starting voltage U> = 70 V

Time seting  tU> = 5.00 S

starting voltage U>> = 73 V

Time seting  tU>> = 3.00 S
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9 13.8KV CAPACITOR BANK RELAY SETTING

EE-221424

STATION: A

RELAY SETTING CALCULATION

QATIF 115/13.8KV SUBSTATION NO.2

DOCUMENT: 

9.7 13.8kV Capacitor bank O/V   protection 59-2

Substation - QATIF 115/13.8KV SUBSTATION NO.2

Applicable for - 13.8kV CAPACITOR  BANK

Relay Type = AREVA P142

Relay Ordering Data P14231AD6M0**0BJ

PT Ratio = 13.8KV/SQRT(3)/115V/SQRT(3))

Overvoltage setting- Alarm = 105% of nominal voltage

= (1.05*66.39) 70.0 V

Time settings = 5.00S

Overvoltage setting- Trip = 110% of nominal voltage

= (1.1x66.39) 73.0 V

Time settings = 3.00 S

Settings range  for 13.8kV capacitor bank O/V Protection(59-2) -AREVA P142

starting voltage U> = 70 V

Time seting  tU> = 5.00 S

starting voltage U>> = 73 V

Time seting  tU>> = 3.00 S
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9 13.8KV CAPACITOR BANK RELAY SETTING

EE-221424

STATION: A

RELAY SETTING CALCULATION

QATIF 115/13.8KV SUBSTATION NO.2

DOCUMENT: 

9.8 13.8kV Capacitor bank U/V   protection 

Substation - QATIF 115/13.8KV SUBSTATION NO.2

Applicable for - 13.8kV CAPACITOR  BANK

Relay Type = AREVA P142

Relay Ordering Data P14231AD6M0**0BJ

PT Ratio = 13.8KV/SQRT(3)/115V/SQRT(3))

Under voltage setting = 85% of nominal voltage

= (0.85*66.4) 56.4 V

Time settings = 5.00S

Under voltage setting = 70% of nominal voltage

= (0.7*66.4) 46.5 V

Time settings = 3.00S

Settings range  for 13.8kV capacitor bank U/V Protection(27) -AREVA P922

= 56.44 V

= 5.00 S

= 46.48 V

= 3.00 S

Starting voltage 27-1

Time seting  t 27-1

Starting voltage  27-2

Time seting  27-2

QATIF 115/13.8KV
SUBSTATION NO.2 49

RELAY SETTING 
REV.A



Doc. No.: EE-221424
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10.1 13.8 KV BB Differential Protection (High Impede nce) Relay Setting 

Circuit Ref 
:

Relay 
Designation

Relay Type Make Areva

Aux. 
Voltage 

CT Ratio ORDERING NO

Nominal 
Current

Freq

CT Data

CT Ratio   :    Primary 4000 A

               :    Secondary 1 A

Class TPS

CT Knee Point Voltage  (Vkp) 500 V

Magnetising current IM at Vkp 30 mA

CT Secondary resistance RCT 14 Ohms

Max Through fault current 

Max Through fault current 25 k A

Relay setting calculations

As per MCAG relay catalogue,

Vs' > If (Rs + Rp)

VsA = VA/Ir + Ir Rsr

Is = Ir + nIe

where,

Vs' = Minimum required stability voltage

If = Maximum sec. through fault current

Rs = CT secondary winding resistance

Rp = maximum loop lead resistance between

CTs and relay

VsA = Actual voltage setting

VA = relay burden

Ir = Relay setting current

Rsr = Resistance of Stabilising series resistor

Is = Effective fault setting expressed in

secondary current

DOCUMENT: RELAY SETTING CALCULATION

MCAG 1413.8KV BUS B1, B2 & B3

125 V DC

1

STATION: QATIF 115/13.8KV SUBSTATION NO.2

87B1-A, 
87B1-B,
 87B1-C,
 87B2-A,
 87B2-B,
 87B2-C,
87B3-A,
 87B3-B,
 87B3-C

4000/1A

60HZ

QATIF 115/13.8KV 
SUBSTATION NO.2
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Doc. No.: EE-221424

Rev. No.: A

DOCUMENT: RELAY SETTING CALCULATION

STATION: QATIF 115/13.8KV SUBSTATION NO.2

Ie = Magnetising current of CT

n = number of CT groups forming the

protected zone.

To determine stability voltage for through fault V s'

Voltage across the relay at I FS   (VS)

CT Resistance (RCT) = 14 Ohms

Lead Loop Resistance (RL) = 1.05 Ohms

Maximum through fault current reflected in CT secondary If = 25x1000x1/4000 = 6.25

VS' = IFS * ( RCT +  RL )       = 6.25 X (14+1.05)

94.0625 Volts

Setting voltage 95 V

Setting of the Pickup for the relay, Ir 0.2 A

Rated burden of the realy at relay setting 1 VA

To determine series stabilising resistance R sr

Stabilising Resistance Rsr = (Vs' - VA/Ir)/Ir (Required) 450.00 ohms

Selected value of stabilising Resistors 450.00 ohms

Actual Voltage Setting VsA = VA/Ir + Ir*Rsr 95.00 V

the required resistance to the rated value ratio 100.00% Rsr selection is suitable since its not less than 6 5% 

Minimum Fault sensitivity

The offered CT Im 30 mA

Ip T * (Ir + nIm + IM)

Ir 0.20 A

Im at Ual x VsA

Ual

30 x 95 / 500

0.00570 A

Total Im for 17 CTs 17 x 0.0057

nIm 0.097 A

IM at Vs 0.52*(sqrt(2)*Vi / C)1/b

C 540

b 0.25

 0.52 x (SQRT(2) x 95/ 540)^4

0.00199 A

Ip T * (Ir + nIm + IM)

4000 x (0.2 + 0.0969 + 0.00199)

1195.6 A

The Sensitivity of the bus bar  Protection is 29.89 %  of CT  rating 

Im at Vs'

QATIF 115/13.8KV 
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DOCUMENT: RELAY SETTING CALCULATION

STATION: QATIF 115/13.8KV SUBSTATION NO.2

10.2  13.8 KV BB Differential Protection (High Impe dence) CT Supervision Relay
 

Circuit Ref 
:

Relay 
Designation

Relay Type Make Areva

Source fault level = 25000 A

Type of  protection = CT Secondary Supervision 

Type of  relay = MVTP 

Tr. T601 Ful load current = 2803 A

Sensitivity required = 10% of load current

Sensitivity required = 280.3 A

CT Ratio =
CT secondary resistance Rs = 14 Ohms

Lead resistance (6 sq mm cable) Rp = 1.05 Ohms

=

Voltage developed across the relay
Current reflected in CT secondary = 280.3/(4000/1) A

= 0.0701 A

V = Current x (Rs + Rp + Rsr)

V = 0.07(14+1.05 + 450) V
= 32.588 V
= 33 V

Selected voltage tap in the relay = 2 V
Time setting = 3 s

BUS 1B, 2B & 3B

95B1-A,
95B1-B,
95B1-C,
95B2-A,
95B2-B,
95B2-C,
95B3-A,
95B3-B,
95B3-C

MVTP11

4000/1A
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11.1 115KV BCU SYNCHROCHECK FUNCTION SETTING

Circuit Ref 
:

Relay 
Designation

Relay 
Type

Make ABB Doc. Ref

Aux. 
Voltage 

CT Ratio PT Ratio

Nominal 
Current

Rated 
Voltage

Freq

Synchro Check Relay - REC670 for 115 KV  

Substation QATIF 115/13.8KV SUBSTATION NO.2

System voltage: 115 KV

PT sec. Voltage: U1 L-N (line) 115/R3 = 66.4 V

PT sec. Voltage: U2 L-N (Bus) 115/R3 = 66.4 V

System Frequency 60 Hz

Relay Details REC670 

SETTINGS

Base Voltage in kV (UBase) 115.0 kV

Voltage Difference limit

Phase shift for Auto & Manual

Frequency diff for Auto & Manual 0.200 HZ

Breaker closing Time 0.080 s

Bus voltage high limit

Line voltage high limit

Time delay output for Synch Auto 0.100 s

Time delay output for Synch Auto 0.100 s

125V

DOCUMENT: 

STATION: 

15 %UBase

20.00 deg

80 %UBase

80 %UBase

 A601, A602, A603, 
A604, A605, A606, 
A607,  A608, A609,  
A611, A614, A617      

BCU

_

Ur=110V AC

REC 670

EE-221424

A

RELAY SETTING CALCULATION

QATIF 115/13.8KV SUBSTATION NO.2

60HZ

115kV/sqrt3 : 115/sqrt3 -115x  115/sqrt3 
- 115V

_
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STATION: Rev. No. A

12.1 115/13.8KV POWER TRANSFORMER AVR SETTING
Input data

Rating of Power transformer = 67 MVA ONAF
Voltage ratio of Power transformer = 115/13.8 KV

Vector group = Dyn1

% Impedance (HV-LV) = 22.0% @50MVA

Tap range = +12.5% to -20%

Type of  relay = MR - TAPCON260

Relay settings
Mode of operation

Local / Remote REMOTE

Auto / Manual Auto

Desired voltage level 115

Bandwidth 0.750%

Delay timer 1 30s

Delay timer 2 5s

Under voltage blocking U< 90%

Over voltage detection U> 110%

Over current blocking I> 77%

Measuring transformer
Voltage transformer 13.8 KV

Current transformer 4000/1A

Phase angle between current path and 

voltage path 

LDC
Ur 0

Ux 0

Z compensation
Voltage raise 0

Limitation 0

Parallel control
Master / follower Master / follower

CT Parameter

Ratio:

Adopted tap: 4000/1A
Class:
Burden:
TR. parameter
Tr Rating:
Tr % impedance:
Voltage rating
Vector Group
Tap range +12.5% to -20%
VT parameter
Ratio:

67 MVA ONAF

Dyn1

13800/115V

90 Deg

RELAY SETTING CALCULATION

QATIF 115/13.8KV SUBSTATION NO.2

22% @ 50MVA
115/13.8KV

4000-3000-2500-2000-1500-
1000/1A

CL 0.5
30VA

QATIF 115/13.8KV
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ANNEXURE-A 

 

(Relay and metering one line diagram) 

































 

 

 

 

 

 

 

 

 

 
ANNEXURE-B 

 

(ETAP result and co-ordination graph) 
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ETAP Star 11.0.0C

13.8KV PHASE FAULT CURVE
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Engineer:

Filename: E:\DG298\RELAY SETTINGS\REV.0\QATIF 2 SS\QATIF 2 SS.OTI
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ETAP Star 11.0.0C

13.8KV EARTH FAULT CURVE

Project:

Location:

Contract:

Engineer:

Filename: E:\DG298\RELAY SETTINGS\REV.0\QATIF 2 SS\QATIF 2 SS.OTI

Date: 10-23-2013   

SN: DAR-ENGING

Rev: Base

Fault: Ground
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SN:    DAR-ENGING

Filename: QATIF 2 SS

Project:  ETAP 

Contract:   

Date: 10-23-2013 

Revision: Base

Config.: Normal

Electrical Transient Analyzer Program

Short-Circuit Analysis

ANSI Standard

3-Phase, LG, LL, & LLG Fault Currents

30-Cycle Network

Number of Buses:

Number of Branches:

Number of Machines:

 24

 1

 19

 0

 0

 0

 1

 19

 0

 0

 18

 1

 0

 0

 0

 4

 1

Swing V-Control TotalLoad

XFMR2 Total Tie PDImpedanceLine/CableReactorXFMR3

Synchronous

Generator Total

Lumped

Load

Induction

Machines

Synchronous

Motor 

Power

Grid

Unit System:

Project Filename:

Output Filename:

System Frequency: 60.00 Hz

English

QATIF 2 SS

E:\DG298\RELAY SETTINGS\REV.0\QATIF 2 SS\Untitled.SA2
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SN:    DAR-ENGING

Filename: QATIF 2 SS

Project:  ETAP 

Contract:   

Date: 10-23-2013 

Revision: Base

Config.: Normal

Adjustments

Transformer Impedance:

Reactor Impedance:

Tolerance

Overload Heater Resistance:

Transmission Line Length:

Cable Length:

Temperature Correction

Transmission Line Resistance:

Cable Resistance:

Percent

Degree C

Individual

/Global

Individual

/Global

Individual

Individual

Individual

Individual

Apply

Adjustments

Apply

Adjustments

Yes

Yes

No

No

No

Yes

Yes
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SN:    DAR-ENGING

Filename: QATIF 2 SS

Project:  ETAP 

Contract:   

Date: 10-23-2013 

Revision: Base

Config.: Normal

Bus Input Data

ID Type

Bus

Sub-sys

Initial Voltage

 %Mag. Ang.Base kVNom. kV

 13.800 13.800LoadBus1  1 -30.00 100.00

 115.000 115.000LoadBus1A  1  0.00 100.00

 115.000 115.000LoadBus1B  1  0.00 100.00

 13.800 13.800LoadBus2  1 -30.00 100.00

 115.000 115.000LoadBus2A  1  0.00 100.00

 115.000 115.000LoadBus2B  1  0.00 100.00

 13.800 13.800LoadBus3  1 -30.00 100.00

 115.000 115.000SWNGBus5  1  0.00 100.00

 115.000 115.000LoadBus6  1  0.00 100.00

 115.000 115.000LoadBus7  1  0.00 100.00

 115.000 115.000LoadBus8  1  0.00 100.00

 115.000 115.000LoadBus9  1  0.00 100.00

 115.000 115.000LoadBus11  1  0.00 100.00

 115.000 115.000LoadBus13  1  0.00 100.00

 13.800 13.800LoadBus14  1 -30.00 100.00

 13.800 13.800LoadBus15  1 -30.00 100.00

 13.800 13.800LoadBus16  1 -30.00 100.00

 0.380 0.380LoadBus20  1  0.00 100.00

 13.800 13.800LoadBus21  1 -30.00 100.00

19 Buses Total

All voltages reported by ETAP are in % of bus Nominal kV.  

Base kV values of buses are calculated and used internally by ETAP .  
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SN:    DAR-ENGING

Filename: QATIF 2 SS

Project:  ETAP 

Contract:   

Date: 10-23-2013 

Revision: Base

Config.: Normal

Line/Cable Input Data

ID Library Size #/Phase T (°C) R1 X1 Y1

Line/Cable

R0 X0 Y0

Ohms or Siemens per 1000 ft per Conductor (Cable) or per Phase (Line)

Adj. (ft) % Tol.

Length

Cable1  15NCUS3 400  16404.2  1  0.0187508  0.0310896  0.0298124  0.0789676 75 0.0

Line / Cable resistances are listed at the specified temperatures.
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SN:    DAR-ENGING

Filename: QATIF 2 SS

Project:  ETAP 

Contract:   

Date: 10-23-2013 

Revision: Base

Config.: Normal

 2-Winding Transformer Input Data 

Phase Shift

ID MVA Prim. kV Sec. kV % Z X/R Prim. Sec.

Transformer % Tap Setting

% Tol.

Rating Z Variation

+ 5% - 5% Type Angle% Z

Adjusted

T302  0.500  13.800  0.380  5.00  3.09  0    0    0   0  Dyn -30.000 0  5.0000

T601  67.000  115.000  13.800  29.00  50.40  0    0    0   0  Dyn  30.000 0  29.0000

T602  67.000  115.000  13.800  29.00  50.40  0    0    0   0  Dyn  30.000 0  29.0000

T603  67.000  115.000  13.800  29.00  50.40  0    0    0   0  Dyn  30.000 0  29.0000

2-Winding Transformer Grounding Input Data

ID MVA Prim. kV Sec. kV

Transformer

Type

Rating Primary

Grounding

Conn.

Type

Secondary

Amp OhmkVkV OhmAmpType

T302 D/Y 0.380 13.800 0.500 Solid

D/Y 13.800 115.000 67.000T601 Solid

D/Y 13.800 115.000 67.000T602 Solid

D/Y 13.800 115.000 67.000T603 Solid
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SN:    DAR-ENGING

Filename: QATIF 2 SS

Project:  ETAP 

Contract:   

Date: 10-23-2013 

Revision: Base

Config.: Normal

Branch Connections

ID From Bus To Bus R X ZType

CKT/Branch % Impedance, Pos. Seq., 100 MVAbConnected Bus ID

 Y

T302 Bus2  307.90  951.42  1000.00Bus202W XFMR

T601 Bus9  0.86  43.28  43.28Bus142W XFMR

T602 Bus11  0.86  43.28  43.28Bus152W XFMR

T603 Bus13  0.86  43.28  43.28Bus162W XFMR

Cable1 Bus1  16.15  26.78  31.27Bus21Cable

A301 Bus14 Bus1Tie Breakr

A302 Bus15 Bus2Tie Breakr

A303 Bus16 Bus3Tie Breakr

A304 Bus2 Bus1Tie Breakr

A601 Bus1B Bus1ATie Breakr

A602 Bus1B Bus2BTie Breakr

A603 Bus1A Bus2ATie Breakr

A604 Bus8 Bus13Tie Breakr

A605 Bus7 Bus11Tie Breakr

A607 Bus6 Bus9Tie Breakr

SW1 Bus5 Bus1ATie Switch

SW2 Bus5 Bus2ATie Switch

SW3 Bus2B Bus2ATie Switch

SW4 Bus2A Bus6Tie Switch

SW5 Bus1A Bus6Tie Switch

SW6 Bus2A Bus7Tie Switch

SW7 Bus1A Bus7Tie Switch

SW8 Bus2B Bus8Tie Switch

SW9 Bus1B Bus8Tie Switch
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SN:    DAR-ENGING

Filename: QATIF 2 SS

Project:  ETAP 

Contract:   

Date: 10-23-2013 

Revision: Base

Config.: Normal

Power Grid Input Data

kV X/R R X

Rating 100 MVA Base

MVASC

% Positive Seq. Impedance

ID ID

Power Grid Connected Bus

% Zero Seq. Impedance

X/R R0 X0

100 MVA BaseGrounding

Type

U1  115.000Bus5  4899.972  0.13055  2.03665 15.60  0.436016  3.61893 8.30Wye - Solid

Total Power Grids (=  1 )    4899.972 MVA
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SN:    DAR-ENGING

Filename: QATIF 2 SS

Project:  ETAP 

Contract:   

Date: 10-23-2013 

Revision: Base

Config.: Normal

SHORT- CIRCUIT REPORT

ID Symm. rmsFrom BusID Va

From Bus To Bus % V kA % Voltage at From Bus

Contribution 3-Phase Fault Looking into "From Bus"

Vb Vc Ia 3I0 R1 X1 R0 X0

kA Symm. rms % Impedance on 100 MVA base

Line-To-Ground Fault

Positive & Zero Sequence Impedances

Fault at bus: Bus1

Prefault voltage  =  13.800  kV  = 100.00 %  of nominal bus kV  ( 13.800  kV)

= 100.00 %  of base kV  ( 13.800  kV)

Bus1 Total  0.00  17.667  0.00  98.66  98.45  18.189 4.29E-001 2.16E+001 18.189 5.60E-001 2.37E+001

Bus21 Bus1  0.00  0.000  0.00  98.66  98.45  0.000  0.000

Bus20 Bus2  0.00  0.000  56.96  100.00  56.84  0.000  0.000

*Bus11 Bus15  91.39  8.834  95.71  100.00  95.49  9.095 8.59E-001 4.33E+001 9.095 1.12E+000 4.73E+001

*Bus9 Bus14  91.39  8.834  95.71  100.00  95.49  9.095 8.59E-001 4.33E+001 9.095 1.12E+000 4.73E+001

#   Indicates fault current contribution is from  three-winding transformers

*   Indicates a zero sequence fault current contribution (3I0) from a grounded Delta- Y transformer
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Filename: QATIF 2 SS

Project:  ETAP 

Contract:   

Date: 10-23-2013 

Revision: Base

Config.: Normal

ID Symm. rmsFrom BusID Va

From Bus To Bus % V kA % Voltage at From Bus

Contribution 3-Phase Fault Looking into "From Bus"

Vb Vc Ia 3I0 R1 X1 R0 X0

kA Symm. rms % Impedance on 100 MVA base

Line-To-Ground Fault

Positive & Zero Sequence Impedances

Fault at bus: Bus1A

Prefault voltage  =  115.000  kV  = 100.00 %  of nominal bus kV  ( 115.000  kV)

= 100.00 %  of base kV  ( 115.000  kV)

Bus1A Total  0.00  24.600  0.00  110.22  113.46  19.500 4.36E-001 3.62E+000 19.500 1.31E-001 2.04E+000

Bus15 Bus11  0.00  0.000  65.51  63.64  100.00  0.000  0.000

Bus14 Bus9  0.00  0.000  65.51  63.64  100.00  0.000  0.000

U1 Bus5  100.00  24.600  100.00  100.00  100.00  19.500 4.36E-001 3.62E+000 19.500 1.31E-001 2.04E+000

Bus16 Bus13  0.00  0.000  65.51  63.64  100.00  0.000  0.000

#   Indicates fault current contribution is from  three-winding transformers

*   Indicates a zero sequence fault current contribution (3I0) from a grounded Delta- Y transformer
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Filename: QATIF 2 SS

Project:  ETAP 

Contract:   

Date: 10-23-2013 

Revision: Base

Config.: Normal

ID Symm. rmsFrom BusID Va

From Bus To Bus % V kA % Voltage at From Bus

Contribution 3-Phase Fault Looking into "From Bus"

Vb Vc Ia 3I0 R1 X1 R0 X0

kA Symm. rms % Impedance on 100 MVA base

Line-To-Ground Fault

Positive & Zero Sequence Impedances

Fault at bus: Bus1B

Prefault voltage  =  115.000  kV  = 100.00 %  of nominal bus kV  ( 115.000  kV)

= 100.00 %  of base kV  ( 115.000  kV)

Bus1B Total  0.00  24.600  0.00  110.22  113.46  19.500 4.36E-001 3.62E+000 19.500 1.31E-001 2.04E+000

Bus16 Bus13  0.00  0.000  65.51  63.64  100.00  0.000  0.000

Bus15 Bus11  0.00  0.000  65.51  63.64  100.00  0.000  0.000

Bus14 Bus9  0.00  0.000  65.51  63.64  100.00  0.000  0.000

U1 Bus5  100.00  24.600  100.00  100.00  100.00  19.500 4.36E-001 3.62E+000 19.500 1.31E-001 2.04E+000

#   Indicates fault current contribution is from  three-winding transformers

*   Indicates a zero sequence fault current contribution (3I0) from a grounded Delta- Y transformer
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Project:  ETAP 

Contract:   

Date: 10-23-2013 

Revision: Base

Config.: Normal

ID Symm. rmsFrom BusID Va

From Bus To Bus % V kA % Voltage at From Bus

Contribution 3-Phase Fault Looking into "From Bus"

Vb Vc Ia 3I0 R1 X1 R0 X0

kA Symm. rms % Impedance on 100 MVA base

Line-To-Ground Fault

Positive & Zero Sequence Impedances

Fault at bus: Bus2

Prefault voltage  =  13.800  kV  = 100.00 %  of nominal bus kV  ( 13.800  kV)

= 100.00 %  of base kV  ( 13.800  kV)

Bus2 Total  0.00  17.667  0.00  98.66  98.45  18.189 4.29E-001 2.16E+001 18.189 5.60E-001 2.37E+001

Bus20 Bus2  0.00  0.000  56.96  100.00  56.84  0.000  0.000

Bus21 Bus1  0.00  0.000  0.00  98.66  98.45  0.000  0.000

*Bus9 Bus14  91.39  8.834  95.71  100.00  95.49  9.095 8.59E-001 4.33E+001 9.095 1.12E+000 4.73E+001

*Bus11 Bus15  91.39  8.834  95.71  100.00  95.49  9.095 8.59E-001 4.33E+001 9.095 1.12E+000 4.73E+001

#   Indicates fault current contribution is from  three-winding transformers

*   Indicates a zero sequence fault current contribution (3I0) from a grounded Delta- Y transformer
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Project:  ETAP 

Contract:   

Date: 10-23-2013 

Revision: Base

Config.: Normal

ID Symm. rmsFrom BusID Va

From Bus To Bus % V kA % Voltage at From Bus

Contribution 3-Phase Fault Looking into "From Bus"

Vb Vc Ia 3I0 R1 X1 R0 X0

kA Symm. rms % Impedance on 100 MVA base

Line-To-Ground Fault

Positive & Zero Sequence Impedances

Fault at bus: Bus2A

Prefault voltage  =  115.000  kV  = 100.00 %  of nominal bus kV  ( 115.000  kV)

= 100.00 %  of base kV  ( 115.000  kV)

Bus2A Total  0.00  24.600  0.00  110.22  113.46  19.500 4.36E-001 3.62E+000 19.500 1.31E-001 2.04E+000

Bus15 Bus11  0.00  0.000  65.51  63.64  100.00  0.000  0.000

Bus14 Bus9  0.00  0.000  65.51  63.64  100.00  0.000  0.000

Bus16 Bus13  0.00  0.000  65.51  63.64  100.00  0.000  0.000

U1 Bus5  100.00  24.600  100.00  100.00  100.00  19.500 4.36E-001 3.62E+000 19.500 1.31E-001 2.04E+000

#   Indicates fault current contribution is from  three-winding transformers

*   Indicates a zero sequence fault current contribution (3I0) from a grounded Delta- Y transformer



Location:

Engineer:
Study Case:   SC

11.0.0C

Page: 13 

SN:    DAR-ENGING
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Project:  ETAP 

Contract:   

Date: 10-23-2013 

Revision: Base

Config.: Normal

ID Symm. rmsFrom BusID Va

From Bus To Bus % V kA % Voltage at From Bus

Contribution 3-Phase Fault Looking into "From Bus"

Vb Vc Ia 3I0 R1 X1 R0 X0

kA Symm. rms % Impedance on 100 MVA base

Line-To-Ground Fault

Positive & Zero Sequence Impedances

Fault at bus: Bus2B

Prefault voltage  =  115.000  kV  = 100.00 %  of nominal bus kV  ( 115.000  kV)

= 100.00 %  of base kV  ( 115.000  kV)

Bus2B Total  0.00  24.600  0.00  110.22  113.46  19.500 4.36E-001 3.62E+000 19.500 1.31E-001 2.04E+000

Bus16 Bus13  0.00  0.000  65.51  63.64  100.00  0.000  0.000

Bus15 Bus11  0.00  0.000  65.51  63.64  100.00  0.000  0.000

Bus14 Bus9  0.00  0.000  65.51  63.64  100.00  0.000  0.000

U1 Bus5  100.00  24.600  100.00  100.00  100.00  19.500 4.36E-001 3.62E+000 19.500 1.31E-001 2.04E+000

#   Indicates fault current contribution is from  three-winding transformers

*   Indicates a zero sequence fault current contribution (3I0) from a grounded Delta- Y transformer
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Project:  ETAP 

Contract:   

Date: 10-23-2013 

Revision: Base

Config.: Normal

ID Symm. rmsFrom BusID Va

From Bus To Bus % V kA % Voltage at From Bus

Contribution 3-Phase Fault Looking into "From Bus"

Vb Vc Ia 3I0 R1 X1 R0 X0

kA Symm. rms % Impedance on 100 MVA base

Line-To-Ground Fault

Positive & Zero Sequence Impedances

Fault at bus: Bus3

Prefault voltage  =  13.800  kV  = 100.00 %  of nominal bus kV  ( 13.800  kV)

= 100.00 %  of base kV  ( 13.800  kV)

Bus3 Total  0.00  9.231  0.00  99.30  99.19  9.371 8.59E-001 4.33E+001 9.371 9.89E-001 4.53E+001

*Bus13 Bus16  95.50  9.231  97.78  100.00  97.67  9.371 8.59E-001 4.33E+001 9.371 9.89E-001 4.53E+001

#   Indicates fault current contribution is from  three-winding transformers

*   Indicates a zero sequence fault current contribution (3I0) from a grounded Delta- Y transformer
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Project:  ETAP 

Contract:   

Date: 10-23-2013 

Revision: Base

Config.: Normal

ID Symm. rmsFrom BusID Va

From Bus To Bus % V kA % Voltage at From Bus

Contribution 3-Phase Fault Looking into "From Bus"

Vb Vc Ia 3I0 R1 X1 R0 X0

kA Symm. rms % Impedance on 100 MVA base

Line-To-Ground Fault

Positive & Zero Sequence Impedances

Fault at bus: Bus5

Prefault voltage  =  115.000  kV  = 100.00 %  of nominal bus kV  ( 115.000  kV)

= 100.00 %  of base kV  ( 115.000  kV)

Bus5 Total  0.00  24.600  0.00  110.22  113.46  19.500 4.36E-001 3.62E+000 19.500 1.31E-001 2.04E+000

U1 Bus5  100.00  24.600  100.00  100.00  100.00  19.500 4.36E-001 3.62E+000 19.500 1.31E-001 2.04E+000

Bus15 Bus11  0.00  0.000  65.51  63.64  100.00  0.000  0.000

Bus14 Bus9  0.00  0.000  65.51  63.64  100.00  0.000  0.000

Bus16 Bus13  0.00  0.000  65.51  63.64  100.00  0.000  0.000

#   Indicates fault current contribution is from  three-winding transformers

*   Indicates a zero sequence fault current contribution (3I0) from a grounded Delta- Y transformer
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Revision: Base

Config.: Normal

ID Symm. rmsFrom BusID Va

From Bus To Bus % V kA % Voltage at From Bus

Contribution 3-Phase Fault Looking into "From Bus"

Vb Vc Ia 3I0 R1 X1 R0 X0

kA Symm. rms % Impedance on 100 MVA base

Line-To-Ground Fault

Positive & Zero Sequence Impedances

Fault at bus: Bus9

Prefault voltage  =  115.000  kV  = 100.00 %  of nominal bus kV  ( 115.000  kV)

= 100.00 %  of base kV  ( 115.000  kV)

Bus9 Total  0.00  24.600  0.00  110.22  113.46  19.500 4.36E-001 3.62E+000 19.500 1.31E-001 2.04E+000

Bus14 Bus9  0.00  0.000  65.51  63.64  100.00  0.000  0.000

Bus15 Bus11  0.00  0.000  65.51  63.64  100.00  0.000  0.000

U1 Bus5  100.00  24.600  100.00  100.00  100.00  19.500 4.36E-001 3.62E+000 19.500 1.31E-001 2.04E+000

Bus16 Bus13  0.00  0.000  65.51  63.64  100.00  0.000  0.000

#   Indicates fault current contribution is from  three-winding transformers

*   Indicates a zero sequence fault current contribution (3I0) from a grounded Delta- Y transformer
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Project:  ETAP 

Contract:   

Date: 10-23-2013 

Revision: Base

Config.: Normal

ID Symm. rmsFrom BusID Va

From Bus To Bus % V kA % Voltage at From Bus

Contribution 3-Phase Fault Looking into "From Bus"

Vb Vc Ia 3I0 R1 X1 R0 X0

kA Symm. rms % Impedance on 100 MVA base

Line-To-Ground Fault

Positive & Zero Sequence Impedances

Fault at bus: Bus11

Prefault voltage  =  115.000  kV  = 100.00 %  of nominal bus kV  ( 115.000  kV)

= 100.00 %  of base kV  ( 115.000  kV)

Bus11 Total  0.00  24.600  0.00  110.22  113.46  19.500 4.36E-001 3.62E+000 19.500 1.31E-001 2.04E+000

Bus15 Bus11  0.00  0.000  65.51  63.64  100.00  0.000  0.000

Bus14 Bus9  0.00  0.000  65.51  63.64  100.00  0.000  0.000

U1 Bus5  100.00  24.600  100.00  100.00  100.00  19.500 4.36E-001 3.62E+000 19.500 1.31E-001 2.04E+000

Bus16 Bus13  0.00  0.000  65.51  63.64  100.00  0.000  0.000

#   Indicates fault current contribution is from  three-winding transformers

*   Indicates a zero sequence fault current contribution (3I0) from a grounded Delta- Y transformer



Location:

Engineer:
Study Case:   SC

11.0.0C

Page: 18 

SN:    DAR-ENGING

Filename: QATIF 2 SS

Project:  ETAP 

Contract:   

Date: 10-23-2013 

Revision: Base

Config.: Normal

ID Symm. rmsFrom BusID Va

From Bus To Bus % V kA % Voltage at From Bus

Contribution 3-Phase Fault Looking into "From Bus"

Vb Vc Ia 3I0 R1 X1 R0 X0

kA Symm. rms % Impedance on 100 MVA base

Line-To-Ground Fault

Positive & Zero Sequence Impedances

Fault at bus: Bus13

Prefault voltage  =  115.000  kV  = 100.00 %  of nominal bus kV  ( 115.000  kV)

= 100.00 %  of base kV  ( 115.000  kV)

Bus13 Total  0.00  24.600  0.00  110.22  113.46  19.500 4.36E-001 3.62E+000 19.500 1.31E-001 2.04E+000

Bus16 Bus13  0.00  0.000  65.51  63.64  100.00  0.000  0.000

Bus15 Bus11  0.00  0.000  65.51  63.64  100.00  0.000  0.000

Bus14 Bus9  0.00  0.000  65.51  63.64  100.00  0.000  0.000

U1 Bus5  100.00  24.600  100.00  100.00  100.00  19.500 4.36E-001 3.62E+000 19.500 1.31E-001 2.04E+000

#   Indicates fault current contribution is from  three-winding transformers

*   Indicates a zero sequence fault current contribution (3I0) from a grounded Delta- Y transformer



Location:

Engineer:
Study Case:   SC

11.0.0C

Page: 19 

SN:    DAR-ENGING

Filename: QATIF 2 SS

Project:  ETAP 

Contract:   

Date: 10-23-2013 

Revision: Base

Config.: Normal

ID Symm. rmsFrom BusID Va

From Bus To Bus % V kA % Voltage at From Bus

Contribution 3-Phase Fault Looking into "From Bus"

Vb Vc Ia 3I0 R1 X1 R0 X0

kA Symm. rms % Impedance on 100 MVA base

Line-To-Ground Fault

Positive & Zero Sequence Impedances

Fault at bus: Bus14

Prefault voltage  =  13.800  kV  = 100.00 %  of nominal bus kV  ( 13.800  kV)

= 100.00 %  of base kV  ( 13.800  kV)

Bus14 Total  0.00  17.667  0.00  98.66  98.45  18.189 4.29E-001 2.16E+001 18.189 5.60E-001 2.37E+001

*Bus9 Bus14  91.39  8.834  95.71  100.00  95.49  9.095 8.59E-001 4.33E+001 9.095 1.12E+000 4.73E+001

Bus21 Bus1  0.00  0.000  0.00  98.66  98.45  0.000  0.000

Bus20 Bus2  0.00  0.000  56.96  100.00  56.84  0.000  0.000

*Bus11 Bus15  91.39  8.834  95.71  100.00  95.49  9.095 8.59E-001 4.33E+001 9.095 1.12E+000 4.73E+001

#   Indicates fault current contribution is from  three-winding transformers

*   Indicates a zero sequence fault current contribution (3I0) from a grounded Delta- Y transformer



Location:

Engineer:
Study Case:   SC

11.0.0C
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SN:    DAR-ENGING

Filename: QATIF 2 SS

Project:  ETAP 

Contract:   

Date: 10-23-2013 

Revision: Base

Config.: Normal

ID Symm. rmsFrom BusID Va

From Bus To Bus % V kA % Voltage at From Bus

Contribution 3-Phase Fault Looking into "From Bus"

Vb Vc Ia 3I0 R1 X1 R0 X0

kA Symm. rms % Impedance on 100 MVA base

Line-To-Ground Fault

Positive & Zero Sequence Impedances

Fault at bus: Bus15

Prefault voltage  =  13.800  kV  = 100.00 %  of nominal bus kV  ( 13.800  kV)

= 100.00 %  of base kV  ( 13.800  kV)

Bus15 Total  0.00  17.667  0.00  98.66  98.45  18.189 4.29E-001 2.16E+001 18.189 5.60E-001 2.37E+001

*Bus11 Bus15  91.39  8.834  95.71  100.00  95.49  9.095 8.59E-001 4.33E+001 9.095 1.12E+000 4.73E+001

Bus20 Bus2  0.00  0.000  56.96  100.00  56.84  0.000  0.000

Bus21 Bus1  0.00  0.000  0.00  98.66  98.45  0.000  0.000

*Bus9 Bus14  91.39  8.834  95.71  100.00  95.49  9.095 8.59E-001 4.33E+001 9.095 1.12E+000 4.73E+001

#   Indicates fault current contribution is from  three-winding transformers

*   Indicates a zero sequence fault current contribution (3I0) from a grounded Delta- Y transformer



Location:

Engineer:
Study Case:   SC

11.0.0C
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SN:    DAR-ENGING

Filename: QATIF 2 SS

Project:  ETAP 

Contract:   

Date: 10-23-2013 

Revision: Base

Config.: Normal

ID Symm. rmsFrom BusID Va

From Bus To Bus % V kA % Voltage at From Bus

Contribution 3-Phase Fault Looking into "From Bus"

Vb Vc Ia 3I0 R1 X1 R0 X0

kA Symm. rms % Impedance on 100 MVA base

Line-To-Ground Fault

Positive & Zero Sequence Impedances

Fault at bus: Bus16

Prefault voltage  =  13.800  kV  = 100.00 %  of nominal bus kV  ( 13.800  kV)

= 100.00 %  of base kV  ( 13.800  kV)

Bus16 Total  0.00  9.231  0.00  99.30  99.19  9.371 8.59E-001 4.33E+001 9.371 9.89E-001 4.53E+001

*Bus13 Bus16  95.50  9.231  97.78  100.00  97.67  9.371 8.59E-001 4.33E+001 9.371 9.89E-001 4.53E+001

#   Indicates fault current contribution is from  three-winding transformers

*   Indicates a zero sequence fault current contribution (3I0) from a grounded Delta- Y transformer



Location:

Engineer:
Study Case:   SC

11.0.0C
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SN:    DAR-ENGING

Filename: QATIF 2 SS

Project:  ETAP 

Contract:   

Date: 10-23-2013 

Revision: Base

Config.: Normal

ID Symm. rmsFrom BusID Va

From Bus To Bus % V kA % Voltage at From Bus

Contribution 3-Phase Fault Looking into "From Bus"

Vb Vc Ia 3I0 R1 X1 R0 X0

kA Symm. rms % Impedance on 100 MVA base

Line-To-Ground Fault

Positive & Zero Sequence Impedances

Fault at bus: Bus20

Prefault voltage  =  0.380  kV  = 100.00 %  of nominal bus kV  ( 0.380  kV)

= 100.00 %  of base kV  ( 0.380  kV)

Bus20 Total  0.00  14.856  0.00  99.44  99.82  14.967 3.08E+002 9.51E+002 14.967 3.08E+002 9.75E+002

*Bus2 Bus20  97.78  14.856  99.07  98.69  100.00  14.967 3.08E+002 9.51E+002 14.967 3.08E+002 9.75E+002

#   Indicates fault current contribution is from  three-winding transformers

*   Indicates a zero sequence fault current contribution (3I0) from a grounded Delta- Y transformer
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Engineer:
Study Case:   SC

11.0.0C
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SN:    DAR-ENGING

Filename: QATIF 2 SS

Project:  ETAP 

Contract:   

Date: 10-23-2013 

Revision: Base

Config.: Normal

ID Symm. rmsFrom BusID Va

From Bus To Bus % V kA % Voltage at From Bus

Contribution 3-Phase Fault Looking into "From Bus"

Vb Vc Ia 3I0 R1 X1 R0 X0

kA Symm. rms % Impedance on 100 MVA base

Line-To-Ground Fault

Positive & Zero Sequence Impedances

Fault at bus: Bus21

Prefault voltage  =  13.800  kV  = 100.00 %  of nominal bus kV  ( 13.800  kV)

= 100.00 %  of base kV  ( 13.800  kV)

Bus21 Total  0.00  7.872  0.00  112.51  110.39  6.287 2.61E+001 8.97E+001 6.287 1.67E+001 5.05E+001

Bus1 Bus21  58.84  7.872  67.47  99.30  99.72  6.287 2.61E+001 8.97E+001 6.287 1.67E+001 5.05E+001

#   Indicates fault current contribution is from  three-winding transformers

*   Indicates a zero sequence fault current contribution (3I0) from a grounded Delta- Y transformer
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Study Case:   SC
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SN:    DAR-ENGING

Filename: QATIF 2 SS

Project:  ETAP 

Contract:   

Date: 10-23-2013 

Revision: Base

Config.: Normal

Short-Circuit Summary Report

Prefault Voltage  =   100 % of the Bus Nominal Voltage

ID kV

Bus

Real Imag. Mag. Real Real RealImag. Imag. Imag.Mag. Mag. Mag.

3-Phase Fault Line-to-Ground Fault Line-to-Line Fault *Line-to-Line-to-Ground

30 Cycle - 3-Phase, LG, LL, & LLG Fault Currents

 0.418 -17.662  17.667  0.408 -18.185  18.189  15.296  0.362  15.300  15.097  9.731  17.962Bus1  13.80

 1.574 -24.550  24.600  1.760 -19.420  19.500  21.261  1.363  21.304 -22.128  6.663  23.110Bus1A  115.00

 1.574 -24.550  24.600  1.760 -19.420  19.500  21.261  1.363  21.304 -22.128  6.663  23.110Bus1B  115.00

 0.418 -17.662  17.667  0.408 -18.185  18.189  15.296  0.362  15.300  15.097  9.731  17.962Bus2  13.80

 1.574 -24.550  24.600  1.760 -19.420  19.500  21.261  1.363  21.304 -22.128  6.663  23.110Bus2A  115.00

 1.574 -24.550  24.600  1.760 -19.420  19.500  21.261  1.363  21.304 -22.128  6.663  23.110Bus2B  115.00

 0.201 -9.229  9.231  0.199 -9.369  9.371  7.992  0.174  7.994  7.895  4.932  9.308Bus3  13.80

 1.574 -24.550  24.600  1.760 -19.420  19.500  21.261  1.363  21.304 -22.128  6.663  23.110Bus5  115.00

 1.574 -24.550  24.600  1.760 -19.420  19.500  21.261  1.363  21.304 -22.128  6.663  23.110Bus9  115.00

 1.574 -24.550  24.600  1.760 -19.420  19.500  21.261  1.363  21.304 -22.128  6.663  23.110Bus11  115.00

 1.574 -24.550  24.600  1.760 -19.420  19.500  21.261  1.363  21.304 -22.128  6.663  23.110Bus13  115.00

 0.418 -17.662  17.667  0.408 -18.185  18.189  15.296  0.362  15.300  15.097  9.731  17.962Bus14  13.80

 0.418 -17.662  17.667  0.408 -18.185  18.189  15.296  0.362  15.300  15.097  9.731  17.962Bus15  13.80

 0.201 -9.229  9.231  0.199 -9.369  9.371  7.992  0.174  7.994  7.895  4.932  9.308Bus16  13.80

 4.481 -14.164  14.856  4.545 -14.260  14.967  12.266  3.880  12.866 -14.572  3.298  14.940Bus20  0.38

 2.475 -7.472  7.872  1.875 -6.001  6.287  6.471  2.143  6.817  5.720  4.649  7.371Bus21  13.80

All fault currents are symmetrical momentary (30 Cycle network) values in rms kA

* LLG fault current is the larger of the two faulted line currents
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SN:    DAR-ENGING

Filename: QATIF 2 SS

Project:  ETAP 

Contract:   

Date: 10-23-2013 

Revision: Base

Config.: Normal

Short-Circuit Summary Report

ID kV

Bus

Resistance Reactance Impedance

Positive Sequence Imp.  (ohm)

Resistance Reactance Impedance

Zero Sequence Imp.  (ohm)

Resistance Reactance Impedance

Negative Sequence Imp.  (ohm)

 0.01066Bus1  13.800  0.45085  0.45098  0.00818  0.41207  0.41215 0.45098 0.45085 0.01066

 0.17266Bus1A  115.000  2.69347  2.69899  0.57663  4.78603  4.82065 2.69899 2.69347 0.17266

 0.17266Bus1B  115.000  2.69347  2.69899  0.57663  4.78603  4.82065 2.69899 2.69347 0.17266

 0.01066Bus2  13.800  0.45085  0.45098  0.00818  0.41207  0.41215 0.45098 0.45085 0.01066

 0.17266Bus2A  115.000  2.69347  2.69899  0.57663  4.78603  4.82065 2.69899 2.69347 0.17266

 0.17266Bus2B  115.000  2.69347  2.69899  0.57663  4.78603  4.82065 2.69899 2.69347 0.17266

 0.01884Bus3  13.800  0.86292  0.86312  0.01635  0.82413  0.82429 0.86312 0.86292 0.01884

 0.17266Bus5  115.000  2.69347  2.69899  0.57663  4.78603  4.82065 2.69899 2.69347 0.17266

 0.17266Bus9  115.000  2.69347  2.69899  0.57663  4.78603  4.82065 2.69899 2.69347 0.17266

 0.17266Bus11  115.000  2.69347  2.69899  0.57663  4.78603  4.82065 2.69899 2.69347 0.17266

 0.17266Bus13  115.000  2.69347  2.69899  0.57663  4.78603  4.82065 2.69899 2.69347 0.17266

 0.01066Bus14  13.800  0.45085  0.45098  0.00818  0.41207  0.41215 0.45098 0.45085 0.01066

 0.01066Bus15  13.800  0.45085  0.45098  0.00818  0.41207  0.41215 0.45098 0.45085 0.01066

 0.01884Bus16  13.800  0.86292  0.86312  0.01635  0.82413  0.82429 0.86312 0.86292 0.01884

 0.00445Bus20  0.380  0.01408  0.01477  0.00445  0.01374  0.01444 0.01477 0.01408 0.00445

 0.31825Bus21  13.800  0.96085  1.01219  0.49722  1.70746  1.77839 1.01219 0.96085 0.31825



 

 

 

 

 

 

 

 

 

 
ANNEXURE-C 

 

(Relay ordering details ) 



















 
 
 
 
 
 
 
 
 
 

ANNEXURE-D 
 

(Transformer Data & Fault Level Data) 



 
Date:01/08/2012 

 

(QATIF- EA-221577) 
 

 

  

 

1ZTR121500  

N/A  
Solidly grounded 

 N/A 
  N/A 
 
IEC 60076  

35 (yearly average) 

55 (max. ambient) 

Two  

ONAN/ONAF  

Dyn1  

   

TRANSMISSION MATERIALS STANDARD SPECIFICATION 53-TMSS-01, Rev. 01 

7.0 DATA SCHEDULE 

POWER TRANSFORMERS, 
RATED 2 MVA UP TO 100 MVA 

SEC Enquiry No. Date:

SEC Purchase Order Date:
No. 
or Contract No.

SEC PTS No./Project Title with J.O. No. Refer to Main SOW/TS 

REFERENCE
SECTION NO. DESCRIPTION 'A' 'B' 'C' 

Power Transformer Model No./Type No. * 

Type of System Grounding(Solidly 
grounded, resistance grounded, other) 
HV Effectively Grounded
LV Effectively Grounded
TV (if applicable) 
Common Neutral (Auto Transformer)

- 

-

3.0 Applicable Industry Standards * 

4.0 DESIGN AND CONSTRUCTION REQUIREMENTS 
4.1 Design Ambient Temperature (ºC) * 

Number of Windings 
Two 

Type of Cooling 
ON AN /ON AF 

Vector Group Designation D yn1 

A'- SEC SPECIFIED DATA/PARAMETER. 
'B'- BIDDER/SUPPLIER/VENDOR/CONTRACTOR PROPOSED DATA/PARAMETERS. 
'C'- REMARKS SUPPORTING THE PROPOSED DEVIATION IN COLUMN 'B'.

(*) -DATA/PARAMETER TO BE PROVIDED/PROPOSED BY THE BIDDER/SUPPLIER/ 
VENDOR/CONTRACTOR IN COLUMN 'B'. 
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50/50/N/A // 

67/67/N/A // 

N/A/N/A/N/A // 

115/13.8/N/A // 

50 rise  
45 rise 
 

 

63 rise  

N/A  
N/A  
N/A  

22% (50 MVA Base)  
N/A  
N/A  

23.6% (at 50 MVA Base) 

N/A  
N/A  

   

TRANSMISSION MATERIALS STANDARD SPECIFICATION 53-TMSS-01, Rev. 01 

7.0 DATA SCHEDULE 

POWER TRANSFORMERS, 
RATED 2 MVA UP TO 100 MVA 

REFERENCE 
SECTION NO. DESCRIPTION 'A' 'B' 'C' 

4.2.1 Natural Cooling Rating  

HV/LV/TV (MVA) 5 0  5 0  ~ 

1st Stage Forced Cooling 
HV/LV/TV (MVA) 6 7  /  6 7 /  ~ 

2nd Stage Forced Cooling 
HV/LV/TV (MVA) ~ / ~ / ~ 

Rated Voltage Transformation Ratio 
HV/LV/TV (kV) 115 / 13.8/ =

Temperature Rise Based on Ambient 
Temperature Conditions Specified in 01-
TMSS-01 

Winding °C * 
Oil °C * 
Winding maximum (hot spot) 
Temperature (°C) 

* 

Design X/R ratio

HV * 

LV * 
TV * 

Impedance Voltage natural cooling power 
base  and  reference  temp.  of  75°C  (%)  
(Manufacturer shall indicate the value with 
applicable tolerance) 

1. At Principal Tap (Guaranteed values) 22% 

HV - LV 50MVA Base  

HV-TV (if applicable) 
LV-TV (if applicable) 

* 
* 

2. At Extreme Plus Tap 
HV - LV * 
HV-TV (if applicable) 
LV-TV (if applicable) 

* 
* 
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TRANSMISSION MATERIALS STANDARD SPECIFICATION 53-TMSS-01, Rev. 01 

7.0 DATA SCHEDULE 

POWER TRANSFORMERS, 
RATED 2 MVA UP TO 100 MVA 

REFERENCE 
SECTION NO. DESCRIPTION 'A' 'B' 'C' 

4.2.1 Natural Cooling Rating  

HV/LV/TV (MVA) 5 0  5 0  ~ 

1st Stage Forced Cooling 
HV/LV/TV (MVA) 6 7  /  6 7 /  ~ 

2nd Stage Forced Cooling 
HV/LV/TV (MVA) ~ / ~ / ~ 

Rated Voltage Transformation Ratio 
HV/LV/TV (kV) 

 
=

Temperature Rise Based on Ambient 
Temperature Conditions Specified in 01-
TMSS-01 

Winding °C * 
Oil °C * 
Winding maximum (hot spot) 
Temperature (°C) 

* 

                                                                                               50.4 

HV * 

LV * 
TV * 

Impedance Voltage natural cooling power 
base  and  reference  temp.  of  75°C  (%)  
(Manufacturer shall indicate the value with 
applicable tolerance) 

1. At Principal Tap (Guaranteed values) 22% 

HV - LV 50MVA Base  

HV-TV (if applicable) 
LV-TV (if applicable) 

* 
* 

2. At Extreme Plus Tap 
HV - LV * 
HV-TV (if applicable) 
LV-TV (if applicable) 

* 
* 
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 22.3% (at 50 MVA Base)  
 

 
N/A  
N/A  

 Approx. 22.2 (at 50 MVA base) 
 

N/A  
N/A  

Approx. 23.5 (at 50 MVA base) 
N/A  
N/A  

Approx. 22.2 (at 50 MVA base) 
N/A  
N/A  

105  
110  

1.6  
1.76  

121%  

4.5  
4.5  
N/A  

   
   

TRANSMISSION MATERIALS STANDARD SPECIFICATION 53-TMSS-01, Rev. 01 

7.0 DATA SCHEDULE 

POWER TRANSFORMERS, 
RATED 2 MVA UP TO 100 MVA 

REFERENCE 
SECTION NO. DESCRIPTION 'A' 'B' 'C' 
4.2.1 (continued)

3. At Extreme Minus Tap
HV - LV * 
HV-TV (if applicable) 
LV-TV (if applicable) 

* 
* 

Zero-sequence impedance on natural 
cooling power base and reference temp. of 
75°C (%)(Manufacturer shall indicate the 
value with applicable tolerance) 

1. At Principal Tap
HV - LV * 
HV-TV (if applicable) 
LV-TV (if applicable) 

* 
* 

2. At Extreme Plus Tap
HV - LV * 
HV-TV (if applicable) 
LV-TV (if applicable) 

* 
* 

3. At Extreme Minus Tap 
HV - LV * 
HV-TV (if applicable) 
LV-TV (if applicable) 

* 
* 

Highest Design Operating Voltage 
for the tappings 

continuous operation (%) 
emergency operation (%) 

105 
110 

Maximum Design Flux Density 
at rated voltage (Tesla) * 
at 110% rated voltage (Tesla) * 
Saturation Voltage (%UN) * 

Current density at rated output 
Primary winding (Amp/mm2) 
Secondary winding (Amp/mm2) 
Tertiary winding (Amp/mm2) 

* 
* 
* 

No-load current when excited from LV side 
as % of full load current 
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Date:01/08/2012 

 

0.10 (Tol=30%)  
0.15 (Tol=30%) 

 0.20 (Tol=30%)  

approx.19.9/24.2 
-  
approx. 13.8/39.9  
-  
approx.8/23.7  
-  
-  

550  
95  
N/A 
 

 
95  

N/A  
N/A  

N/A  

N/A  

230  
38  
N/A 
 

 
38  

N/A  

N/A  

   

at 100% /110% 
- 

TRANSMISSION MATERIALS STANDARD SPECIFICATION 53-TMSS-01, Rev. 01 

7.0 DATA SCHEDULE 

POWER TRANSFORMERS, 
RATED 2 MVA UP TO 100 MVA 

REFERENCE
SECTION NO. DESCRIPTION 'A' 'B' 'C' 

4.2.1 (continued) 
100% voltage (Guaranteed value) * 

105% voltage * 

110% voltage * 

No-load current harmonics 
at 100% and 110% rated voltage (%) 

2nd Harmonics * 
3rd Harmonics * 

4th Harmonics * 
5th Harmonics * 
6th Harmonics * 
7th Harmonics * 
8th Harmonics * 
9th Hamonics * 

Basic Impulse Withstand Voltage (BIL) 
HV winding (kVpeak) * 

LV winding (kVpeak) * 
HV neutral end (kVpeak) * 
LV neutral end (kVpeak) * 
Common neutral for auto 
transformer winding (kVpeak) * 
Tertiary winding (kVpeak) * 
Tertiary neutral end (kVpeak) * 

(if applicable)

Switching Impulse Withstand Voltage 
(BSL) if applicable (kVpeak) * 

Separate Source Power Frequency 
Withstand Voltage 

HV winding (kVrms) * 
LV winding (kVrms) * 
HV neutral end (kVrms) * 
LV neutral end (kVrms) * 
Common neutral for auto 
transformer winding (kVrms) * 

Tertiary Winding (kVrms) * 
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TRANSMISSION MATERIALS STANDARD SPECIFICATION 53-TMSS-01, Rev. 01 

7.0 DATA SCHEDULE 

POWER TRANSFORMERS, 
RATED 2 MVA UP TO 100 MVA 

REFERENCE
SECTION NO. DESCRIPTION 'A' 'B' 'C' 

4.2.1 (continued) 
100% voltage (Guaranteed value) * 

105% voltage * 

110% voltage * 

No-load current harmonics 
at 100% and 110% rated voltage (%) 

2nd Harmonics * 
3rd Harmonics * 

4th Harmonics * 
5th Harmonics * 
6th Harmonics * 
7th Harmonics * 
8th Harmonics * 
9th Hamonics * 

Basic Impulse Withstand Voltage (BIL) 
HV winding (kVpeak) * 

LV winding (kVpeak) * 
HV neutral end (kVpeak) * 
LV neutral end (kVpeak) * 
Common neutral for auto 
transformer winding (kVpeak) * 
Tertiary winding (kVpeak) * 
Tertiary neutral end (kVpeak) * 

(if applicable)

Switching Impulse Withstand Voltage 
(BSL) if applicable (kVpeak) * 

Separate Source Power Frequency 
Withstand Voltage 

HV winding (kVrms) * 
LV winding (kVrms) * 
HV neutral end (kVrms) * 
LV neutral end (kVrms) * 
Common neutral for auto 
transformer winding (kVrms) * 

Tertiary Winding (kVrms) * 
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TRANSMISSION MATERIALS STANDARD SPECIFICATION 53-TMSS-01, Rev. 01 

7.0 DATA SCHEDULE 

POWER TRANSFORMERS, 
RATED 2 MVA UP TO 100 MVA 

REFERENCE
SECTION NO. DESCRIPTION 'A' 'B' 'C' 

4.2.1 (continued) 
100% voltage (Guaranteed value) * 

105% voltage * 

110% voltage * 

No-load current harmonics 
at 100% and 110% rated voltage (%) 

2nd Harmonics * 
3rd Harmonics * 

4th Harmonics * 
5th Harmonics * 
6th Harmonics * 
7th Harmonics * 
8th Harmonics * 
9th Hamonics * 

Basic Impulse Withstand Voltage (BIL) 
HV winding (kVpeak) * 

LV winding (kVpeak) * 
HV neutral end (kVpeak) * 
LV neutral end (kVpeak) * 
Common neutral for auto 
transformer winding (kVpeak) * 
Tertiary winding (kVpeak) * 
Tertiary neutral end (kVpeak) * 

(if applicable)

Switching Impulse Withstand Voltage 
(BSL) if applicable (kVpeak) * 

Separate Source Power Frequency 
Withstand Voltage 

HV winding (kVrms) * 
LV winding (kVrms) * 
HV neutral end (kVrms) * 
LV neutral end (kVrms) * 
Common neutral for auto 
transformer winding (kVrms) * 

Tertiary Winding (kVrms) * 
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ANNEXURE-E 
 

(Other Relevant Data) 











 
 
 
 
 
 
 
 
 
 

ANNEXURE-F 
 

(Relay Configuration Files in PDF Format) 
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