Whose FAULT Is 1t ?

Genardo T. Corpuz, P.E.

Transmission Protection

Lower Colorado River Authority
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LCRA TSC Misoperation Statistics
138KV Line Fault Event
Types of Ground Faults
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LCRA TSC Misoperation Report

Reliability Metrics - FY 2016 Current Value

o4 of Goal Performance

Misoperation Percentage 3.83%
69kV Misop. Rate 2.38%
138kV Misop. Rate 5.21%
345kV Misop. Rate 2.22%

Misoperations 7

Relay Operations 183

K-Factor 0

54.64%
14.29% of Misops
71.43% of Misops

14.29% of Misops

Enter Misoperation Rate Gnal:| 7.00% = (Goal for FY 2016 is 7.00%)

Misoperation Type Distribution

B Unnecessary Trip During Fault - 4

B Unnecessary Trip for Mon-Fault Event - 3




LCRA TSC Misoperation Report

Maost Recent Misoperations

1/31/2016::BAKERSFIELD SWIT - Unnecessary Trip for Non-Fault Event
11/11/2015::NORTH-MCCAMEY - Unnecessary Trip During Fault
11/4/2015::CRANE-LCRA - Unnecessary Trip for Non-Fault Event
10/30/2015::SAN-MARCOS - Unnecessary Trip for Non-Fault Event
10/9/2015::FORT-MASON - Unnecessary Trip During Fault
9/25/2015::ESCARPMENT - Unnecessary Trip During Fault

7/13/2015::RIM-ROCK - Unnecessary Trip During Fault

Misoperation Cause Distribution
®m Relay Misoperation - 2
® ‘Wiring Problem - LCRA TSC -1
Relay Settings - lssued - 1
B Communication Problem - 1
B Protective Equipment Misoperation -1

Relay Settings - Implementation - 1




LCRA TSC 138kV Event

Date/Time: 08/02/15 19:56

Line: T256 - From LAGO-VISTA to MARSHALL-FORD 138kV

Event Type: Automatic - Protective devices (equipment) originated event
Fault Type: C-phase to ground

Voltage: 138kV - Transmission

Description of Event:

Lago Vista CB 5010 Trip/Close Auto
Marshall Ford CB 3220 Trip (Recloser normally OFF)/Close by SCADA

Distance to Fault: /~
LAGO-VISTA - miles

MARSHALL-FORD - 4.18 miles




System One-line Diagram
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System Map

' | structure ID: 303889

N STRUCTURE_ID: 303889 @
g X: 3047357.6250

Y: 10131052.5903
LAT: 30.43792776
LONG_:-97.95074295
Str_Type: Tower
Str_Config: Tangent
Str_Material: Steel
Attach: NO

Circ_QTY: 1
Anchor_QTY: 0
Guy_QTY: 0

Arm_QTY: 0
ShieldWire: YES
PotHead: NO

Marker_Bal: YES
Arrcel'n_re' nNO @
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Field Report
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Types of Ground Fault ?

» Single Phase to Ground
* Phase to Phase to Ground



Types of Ground Fault ?

* Low Impedance / Bolted Faults

+ Readily detectable — presence of zero
sequence current & voltage

Phasor #1: 7352 L_LAGOVIS_1% 138 kV - 7356 L_MARSFOE_ 1Y 138 kV1 L 3] [ Phasor £1: 7352 L_LAGOVIS_1Y 138.kV - 7356 L_MARSFOB_1Y 138.kV1 L )]
VWkv) at 7352 L LAGOVIB 1Y 138.kv Wkv) at 7352 L_LAGOVIS_1Y 138.kV

LG m 0.000@-20.0| £ LG V4| 63.24@29.5]

L4 vb| 95.83@-105.4 L V-l 17.26@-148.1

(" Seq. | 99.32@164.0  Seq. [ Vo| 46.00@-151.5

I(A) to 7356 L_MARSFOB_1Y 138.kV I(A) to 7356 L_MARSFOB2_1Y 138.ky
* Phase Ia| 3664@-49.1 (" Phase I+| 1217@-49.3
{" Seq, Ib| 25@-37.0 . {* Seq, - 9 -4
Ic] 31@-14.0 ' 3lo| 3713@-48.7
Apparent impedance Apparent impedance
T Za| 0.0@-39.1 - Za| 0.0@-38.1

Zh 37.3@-52.0 Zb 37.3@-52.0

& LG LG
Zc 38.3@-142.9 Zc 38, 3@-142.9

Scale: V=Auto 1= Auto ollk=[0.8s2  @[285  Apply | Scale: V=Auto I= Auto ] |k=[o.6s2 @[-485  Apply

Reference Brint | Reference Print
|5ystem | | Common for all phasor probe panels Help | System v| [ Common for all phasor probe panels Help




Types of Ground Fault ?

» High Impedance / Resistive Faults

+ Difficult to detect — low zero sequence current
& voltage

Phasor #1: 7352 L_LAGOVIB_1Y 138.kV - 7356 L MARSFO8 1¥138.kv1L [ llPhasor#1: 7352 L LAGOVIS 1¥ 138.kV - 7356 L MARSFO8 1Y 138.kV1L (@
V(kV) at 73 A V{kV) at 7352 L_LAGOVIS_1Y 138.kV

¢ LG Va| 66.09@31.9 LG V+| 77.50@30.3

L4 Wb| 82.13@-93.3 L4 V-1.3.002@-157.0

(" Seq. V| 83.94@152.5 * Seq. || Vo|s.003@-160.4

I(A) to 7356 L_MARSFOS8_1Y 138.kV I(A) to 7356 L_MARSFOS8_1Y 138.kV
* Phase Ia| 643@-58.0 (" Phase 1+| 218@-58.1

" Seq. Ib| 5@-127.3 {+ Seq. - [ {F-53

Ic| 8@25.3 30| 646@-57.7

Apparent impedance Apparent impedance

- Ly Za| 61.2@91.7 Ly Za| 61.2@9L7
Zb| 182.9@-30.2 Zb| 182.9@-30.2

* LG * LG
fc| 187.7@-145.0 Zc| 187.7@-146.0

Scale: V=Auto I= Auto |||k=[o692  @[-485  Apply | Scale: V=Auto I= Auto .||{k=[0g92  @[-485  apply

Reference Print | Reference Print
|5ystem | | Common for all phasor probe panels Help | System v| [ Common for all phasor probe panels Help
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Lago Vista T256 Fault Event
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Relay indicated C-G fault

High zero sequence current but low zero sequence voltage



Lago Vista T256 21G

Relay 21G calculated fault impedance is above Z1G and Z2G




Event Analysis / Findings

* Lago Vista T256 Z1G should have tripped

* Possible PT wiring Issues
+ Missing ground connection

+ Multiple ground connections



Event Analysis / Findings

* Measure the impedance between the
neutral connection of each relay and a
good ground reference. The impedance
should be close to zero.

¢ The measured value was 0.2 ohms.

+ There Is a ground connection



Event Analysis / Findings

* Disconnect the PT ground by lifting a
known ground connection. Measure the
Impedance between the neutral connection
a good ground reference. The impedance
should be Infinite.

+ The measured value was 0.2 ohms

+ There are multiple grounds
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LCRA TSC 138kV 2"d Event

Date/Time: 08/21/15 19:26

Line: T256 - From LAGO-VISTA to MARSHALL-FORD 138kV

Event Type: Automatic - Protective devices (equipment) originated event

Fault Type: C-phase to ground

Voltage: 138kV - Transmission

Description of Event:

08/21/15 19:26 CB 5010 at Lago Vista Trip/Closed/ Auto and CB 3220 at Marshall Ford Tripped (Recloser

normal off) Closed by SOCC (By EMS) This is the Lago Vista - Marshall Ford 138kV Line T-256.

MNote: There did not appear to be any weather in the area at the time of the operation. SubWan Showed a
C-Phase to Ground fault 4.19 miles From Marshall Ford 2.49 miles from Lago Vista

Distance to Fault:

LAGO-VISTAR 2.49 miles
MARSHALL-FORD - 4.19 miles




Lago Vista T256 Fault Event

Relay indicated C-G fault

Faulted C-phase voltage is depressed



Lago Vista T-256 21G

BAELY

Relay 21G calculated fault impedance goes below Z1G and Z2




Conclusion

Reviewed a 1LG fault event involving PT
wiring Issues

ldentified testing procedures to verify
correct PT wiring

Resolved similar PT wiring problems at two
other substations

Raised awareness with LCRA field, design,
& relay staff, and ERCOT SPWG



Questions ?



