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e Purpose: Develop Technical Report on Phase Angle Monitoring
and Alarming practices and experiences, and provide
recommendations for future practices

In response to the 2011 Pacific Southwest Outage Recommendation #27
Was a NERC SAMS task but tabled until the NERC SMS kicked off

e Topics:

Phase Angle Fundamentals

Finding & Recommendation 27

Synchrocheck Relay Situational Awareness

EMS and PMU Application

Mitigation Strategies

Identifying Key Angle Differences & Correlating to System Conditions
Tying Phase Angles to Oscillations & System Studies

Phase Angle Monitoring Utility Practices in the West
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e Finding #27

= “Phase Angle Difference Following Loss of Transmission Line: “A TOP did not
have tools in place to determine the phase angle difference between the two
terminals of its 500 kV line after the line tripped. Yet, it informed the RC and
another TOP that the line would be restored quickly, when, in fact, this could
not have been accomplished.”

e Recommendation #27

= “TOPs should have: (1) the tools necessary to determine phase angle
differences following the loss of lines; and (2) mitigation and operating plans
for reclosing lines with large phase angle differences. TOPs should also train
operators to effectively respond to phase angle differences. These plans should
be developed based on the seasonal and next-day contingency analyses that
address the angular differences across opened system elements.”
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e Line O/S = phase angle increases (generally); impedance increases
= Large phase angels can lead to system instability and loss of synchronism for
generating resources
e Synchrocheck relays monitor phase angle difference across
breaker terminals

= Reclosing line near generator with substantially large angle difference results
in large transient torque on shaft of machine — related to rotor being out of
phase with BPS. Can cause instant damage or cumulative fatigue of shaft

= Often used on transmission system as well

e Synchrocheck relays measure voltage magnitude difference,
frequency slip, and phase angle difference between voltage

= Supervises against pre-determined, programmed setting prior to restoring
line to service.
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- Branch -
Network Abnormal Voltage Summary Angle Separation Threshald: | 20 Update List
RTNET Last Solved: 06-Nov-2014 11:14:46 RTNET REALTIME OUTPUT PENDING
Branch Identifiers ‘ Phase Angle Separation (Degrees)
ADLN MARK 1500: MARKPL TO ADLNTO 3.5
NAVA CRYS 1500: NAVAJO TO CRYSTAL 29.4
ELDO MOEN 1500: ELDORD TO MOENKOPI 29.3 ; .
Mode Pair. NP32 Description: RECLOSE N.GILA - IMPERIAL VALLEY
POPU JBRI 1345: POPULUS TO JBRIDGER 2941
POPU JBRI 2345: POPULUS TO JBRIDGER 29.1 Station: NGILA VALLY Active: «F Marmal Limit: 50.0
ELDO LUGO 1500: LUGO TO ELDORD 28.0 Mode: 950 901 Eligible: «1 Emergency Limit: 50.0
CPJK OLDA 1500: CAPTJACK TO OLINDS 28.0 . L
Angle: 573 -106.0 Disable: _| PBI Limit: 90.0
MCLL WICT 1500: MCLLGH TO VICTVL 25.8 ) )
JBRI THRE 1345: JBRIDGER TO THREEMLE 253 Calculated Angle Difference: 48.7 Key Equipment. _|
CORO SILV 1500: CORONADO TO SILVERKG 23.4
PERK MEAD 1500: PERKINS TO MEAD 7 23.2
MEAD WICT 1287: MEAD 7 TO VICTVL — Arsps — |
Summary | — Anget — | Branch | interface | Vollage | MWVAR -
MNetwork Basecase Violations g . : | | Select Company.
Shudy Rum STHNET STUDY COMPLETE
Taotal Alarms (1]
Total Violaions: [i]
Actual - Vielation Report - Deviation Rating ETV
Alarm |New |Warn Node Pair identifier TP® | pagree  Rating Degree % Base Display
& 050 @NGILA - 901 @IVALLY NP 8.7 49,0 0.3 99.5 HORM

ANVIOL : hitpe//lepernbr/webfg/displays/stnet/N... [mim] |

Time Data
B50 @MNGILA - 901 @IVALLY
Tirme in 08-Sep-2015 16:50

Time of Worst Vielation:  08-Sep-2015 16:52
Value of Worst Viclation: 52

OK
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— Angle -
Contingency Violations Contingenw\fio'a“"”31|| e ] v @

Component Violations: | SUmmary | Branch | Vottage | Angle | Interface | | Study l Run I STHET STUDY COMPLETE
Total Alarm: 0
Total Violation: 64 Legend: wiRAS WIRAP Pre-RAP Only
Alarm Pre Post %
New Hode Pair ldentifications Type CTG CTG Rating Dev Rating | Rating ETV
Warn Value Value - Base Display
Contingency ID: SRPSLO16 Description: *PALOVERDE-COLRIVER 500KV Class; 500
b 950 @NGILA - 901 @IVALLY NP 48.74 65.57 50.00 1557 1311 EMER
50.00 1557 1311 NORM
b 9008 @DEVERS - 900F @PALVERDE NP -28.02 -54.80 50.00 4,80 109.6 NORM
Contingency ID: SCE5L028 Description: *DEVERS_REDBLUF #2 500 Class: 500 CTiG_VIOLATION_ANGLE : http://lepem2br/webfg/displ... | £2 |
i 950 @NGILA - 901 @IVALLY NP 48.74 5505  50.00 505 1101 EMER Angle Violations
50.00 5.05 1101 NORM
Monitored Element Violated
Contingency ID: MUC5L011 Description: *DEVERS-VALLEY #182 500KV Class: 500
950 @NGILA - 901 @IVALLY
o 950 @NGILA - 901 @IVALLY NP 48.74 54.59 50.00 459 109.2 EMER
50.00 459 109.2 NORM Time In: 08-Sep 17:01
Time Worst. 08-Sep  17:01
Contingency I0: LWPSC003 Description: LUGO-VICTORVILLE 500 KV Class: 500 ) )
Worst Violation
L 950 @NGILA - 901 @IVALLY HP 48.74 52.85 50.00 2.85 1057 EMER Value 65.57
50.00 285 1057 NORM Rating: 50.00
% Rating: 1311
Contingency ID: LWPSLO0G Description: MARKETPLACE-MEAD 500 KV Class: 500 Rate Level: EMER
o 950 @NGILA - 901 @IVALLY HP 48.74 51.78 50.00 1.78 103.6 EMER
50.00 178 103.6 NORM 0K
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RTCA "Emergency” Summary: 03/30/2015 12:42.:00 PM (USMST )

/ O-Q
T J\ . EMERGENCY | CONTINUOUS | ALL | ERRORS
] - t‘\- cOmadovl i Contingency Title Exec. First Count Company Sub. Voltage Equip.: Type Units Pre Post % Limit Type Timer
e X \ pieoss @ AFTXNMX 345KV 1 4 1 SWTC GRLX 345KV TIH A Xfmr  MVA 229 243 m 24 SHRT
e A }Nogales ————————— APX-RTX 230KV 1 7 2 SWT GRLX 345KV T321 A Xfmr  MWA 229 374 155 241 SHRT 3
\ i { J CH-SG 500KV 1 4 1 SWTC GRLX 345KV TIZ A Xfmr  MVA 229 242 100 241 SHRT @
" DDX-HKX 230KV 1 7 2 SWTC GRLX 345KV T321 A Xfmr  MVA 229 244 101 241 SHRT 3
\ J075m .ﬁ,-a—*-,__./ DDX-RTX 230KV 1 7 >, SWTC GRLX 345KV T321 A Xfmr  MVA 229 350 145 241 SHRT 3
A AT /— Cananea, 2 GNX-WNX 1 4 1 SWTC GRLX 345KV T321 A Xfmr  MWVA 229 242 100 241 SHRT O
\ : | N\ fJJV OYX-MGX-SVGX TAP 2 1 1:06:07 602 SDG FIX 230KV MSNX-FIX Line AMP 1099 1741 115 1519 SHRT 284
\x R 1389 7’ 1 1 1:06:04 601 SDG MSNX 230KV MSNX-FIX Line AMP 1098 1740 115 1519 SHRT 284
- i G Yh e PWZX-SOX 345KV 1 7 2 SWTC GRLX 345KV  T321A Xfmr MVA 229 243 101 241  SHRT 3
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07:30:00 9/14/15 00:05:00 [

Voltage Angle (°)

14
Y3 w0 220 W 4 50 o073 0 M 3 4 s O7A W W 0 4 50 078 0 0220 3| 4 s 07 0 W 3
Time
(07:30:00 9/14/15 00:05:00 {

Saint

Farmington -

0 il )
He e
A Ie)
1 PAD Status (0 Units Operating in NVX)
3 Name PAD ® Limit ® Lot Upalet 1 3-061-2018 105814
CH->FC -8.90 20.00 SOURCE SINK u‘;m"mE oE L TIME
CH>PP 5.90 30.00 J— Jp— 1006
CYX->HRX 452 0.00 . oerm kv modsmeern 14.87 18 L . 13.0c-2015 10:53.49
EOX->MK 868 17.00 " an .
IVX->NG 7.29 5000 o
= COLSTRIP AULT 5.
MK->FC 168.40 50.00 e meat ek mdesm 366"  56% 13002015 104928
MK->Nv -1.90 17.00 " an .
i MK->YP 0.10 Doo | wad
ALLT WESTMESA 2.
o 4 MRG->NV 210 0.00 . (o ESTMESA m e 02018 104977
Z MRG>PP 0.70 17.00 - . .
o T e e He St = et
7 ! PLX->HAAX 0.00 0.00
SG->CH -16.00 40.00
WW->MRG 0.40 17.00
L ety WW->PLX 4.90 0.00

° WWYP 0.60 0.00 arsbad
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T NS Mitigation Strategies
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e Generation redispatch
= Reducing generation on the sending end of the angle difference path
" |ncreasing generation on the receiving end of the path

e Use of phase-shifting transformers to reduce power flow (if
available)

e Reconfiguration of system topology to reduce power flow (if
possible)

e Curtailment of interruptible load, if necessary
e Firm load shedding, if necessary
e Point-to-point transmission service curtailment

e Reconfiguration of in-series capacitors/reactors for compensation
of transmission circuits
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Contingency risk of interest is outage of the a transmission circuit

and the phase angle difference across the terminals of that out-

of-service circuit — exceeding synchrocheck relay limits

= Post-contingency angle difference should be monitored in real-time.

= PCs/RCs should identify key circuits for which monitoring is required.

= Recommended that awareness of synchrocheck relay limit exceedances
should be provided to system operator for EHV > 345 kV.

Phase angle differences for potential contingency conditions

should be monitored in real-time and compared against

synchrocheck relay settings, if applicable, using RTCA tools.

= Any N-1 or credible N-2 or N-1-1 exceedances of these limits should be
provided to system operator for advanced notice of potential line
restoration issues.
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Wide-area angle difference monitoring provides additional layer
of situational awareness for system operators.

= Limits based on known risks such as transient stability, voltage stability,
small signal stability, or overloads can effectively be developed based on
operations studies or advanced online applications.

Line-based angle difference monitoring and comparison with

known synchrocheck relay limits is not presently a universally

adopted operating practice. NERC SMS and OC should explore

wider adoption of these practices.

In the West, phase angle difference is correlated to oscillatory
stability issues, particularly during high transfer conditions.

= Tools such as Mode Meter, Oscillation Detection, and Phase Angle
Difference (PAD) should continue to be pursued for increased situational
awareness and defense in depth.
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