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Power Quality Monitoring System
at the Consolidated Edison Company of New York
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The Consolidated Edison Company
of New York

e Provide electrical service to New
York City and Westchester County

¢ 3.3 million electric customers
e System Peak Load: 13189 MW
e 62 Distribution Substations

e 83 Secondary Networks and Non-
Network Load Pockets

e 2247 Distribution Feeders

e 87% of Distribution System is
Underground
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Power Quality Monitoring System (PQMS)
at the Consolidated Edison Company of New York

e Data Integration and Basic Analysis
e Permanent Faults

e |nrush Events

e Second Faults

e |Incipient Faults

¢ SCADA/PQ System Federation

© 2015 Electrotek Concepts, Inc. All rights reserved. <E Con EdlSOn



e All area substations have at least
one PQ monitor. Some
substations have two or more
transformers monitored.

e Digital relay integration is much
less extensive.

- SCADA RTUs: kV, A, kW, kvar, kVA, PF,
tap position, voltage control mode,
cap operations for transformer and/or

© 2015 Electrotek Concepts, Inc. All rights reserved.
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Examples of Derivations Possible from

Waveform Events u

ing Con Edison PQMS
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Derivations from Waveform
and RMS Samples

Reactance-to-Fault Missing Voltage and Delta Current from First

Radial Fault Location Cycle or from Ideal Waveform

Spectrum Charts e Symmetrical Components

~ 1,2,3,4,5,6,10,and 12 Cycle Windows * Delta Symmetrical Components
e Three-Phase Diode Rectifier Output

e Line Frequency during Event

First Derivative , Second Derivative, Third * Total Harmonic Distortion (THD)
Derivative, and Squared Value-Time e DC Component, Fundamental Component,

Phasors and Harmonic Phasors

High-Pass Filter and Low-Pass Filter

Mean Values and RMS Values

Load Resistance, Load Reactance, Load
Impedance, and Load Impedance Angle

Real Power, Reactive Power, Apparent
Power, and Energy

Delta Real Power, Reactive Power, Apparent
Power, and Energy

Characteristic Voltage

e \Waveform Transformation

© 2015 Electrotek Concepts, Inc. All rights reserved.

and Harmonic Trends during Event

Links to Map Viewer and Trend Viewer

IEEE P1159.2 RMS Characteristics

IEEE P1159.2 Point-in Wave Characteristics
IEEE P1159.2 Missing Voltage Characteristics

e Dranetz Event Characteristics

Digital Status Changes

Operations Summary
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RMS Voltage Variation Analysis

RMS Variation Magnitude-Duration Scatter Plot
Selected Sites, From 2/1/2003 To 3/1/2003
2.0
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Analysis of Data Logs

Substation-VRMS A, VRMS B, VRMS C
from 2/1/2003 to 3/1/2003

Min[V RMS A] (kV) Substation-VRMS A, VRMS B, VRMS C
Max[V RMS B] (kV) from 2/1/2003 to 3/1/2003

[ 1] —
Relative Frequency Cumulative Frequency

100%

Count 24183
Min 6.785
Avg 7.105
Max 7.299
Range 0.5141
StDev 0.08452
CPO1 6.826
CP0O5  6.931
CP25  7.068
CP50 7.121
CP75 7.162
CP95  7.215
CP99  7.244

S| Range 0.04703
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Single Line to Ground Fault

Area Substation Primary Feeders
Transformer

Secondary Network

PQ Monitors at Low Side of Many Area
Substation Transformers

Digital Relay Data Available at 20% of
Primary Feeders

© 2015 Electrotek Concepts, Inc. All rights reserved.
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Example SLG Fault Recorded by PQ Monitor
at Area Substation

e Fault type and fault start/stop detection algorithm based on waveformes,
phasors, zero-sequence, negative-sequence, and spectral content.

SHERMN4N - 9/9/2012 18:59:01.6880
12t=28.85 kA2's
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Example Correlations of Capacitor Energizing
Event with Pl Event from SCADA Operation

Operation

S50THST - 12/22/2010 06:20:11.3130
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Event Categorization

Permanent Faults
eSingle-Phase: A, B, C
eTwo-Phase: AB, BC, CA
eThree Phase Faults: ABC
Subcycle Faults
eSingle-Phase: A, B, C
eTwo-Phase: AB, BC, CA
eThree Phase Faults: ABC

Feeder Inrush

°A, B, C, AB, BC, CA, ABC

Overcurrent
e/ero-Sequence: 10

eNegative-Sequence: 12

— “Second Fault”
ePhase: IAIB, IC
Voltage Sag
°A, B, C, AB, BC, CA
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Automatic E-Mail Notifications

¢ Inrush Events

From: PQView Infonode RTF <pgview @coned.com = Sent:  Sun 9/21/2014 2:00
To hofmannp; washingtonw; d-RTFInrushManhattan

Subject: Inrush Event Notificatio@iew TR4

This email has been sent to you by nule from POQVIEW Substation Nodes

NE:rt:E Local Time |[Hypesfink M5 Time XTF Va Vb Vc Ia |Ib  Ic ID ki Relay

Type bur offset(s) (@) (V) (V) (V) | (A) (A) | (A) (A) " |channels Operations

. 2014-09- PARKVIEW
Parkview 9/21/2014  'Waveformd Inrush 0.05279|  |7389 7636 7310 1050 [1048 (1405 2 2.500 21 PABX13A.DX BKR 134 | -
TR4 13:58:08.4410 [One-Line \ 2CA ce: 10 (a4m04) | CLOSE

* Fault Events

From: PQView Infonode RTF <pgview@coned, com = Sent: Fri9/5/2014 10:58
To: dI-RTFNotificationManhattan

Subject: Fault Notification: Parkview? TR4

This email has been sent to you by nule from PQVIEW Substation Nodes

Nsalrt:E Local Time |Hyperlinkg MS | Time XTF va Vb (vc Ia Ib | Ic ID k1 Relay

Dur Offset(s) (2) | (V) (V) (V) (A) (A) (A) (A) " (channels Operations

. 2014-09- PARKVIEW
?;T”'EW 2’25’;25“;3 5500 gﬁ;fﬁ; ' ‘lgﬁ 0.09163 |0.5893 10325 8605 4052 1223 (1102 3327 913 [2.500 05 PABX42B.DX BKR 42B %‘I:'PSE'
+o0: 02,0480 LNe-Une 22:56:04 (44M24)

ELECTROTEK C .
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Reactance-to-Fault Calculations for PQ
Measurement at Area Substation

SHERMN4N - 9/9/2012 18:59:01.6880
Voltage, Current, and Reactance Values
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Predicted Location of Fault by Matching Measured
Reactance to Reactance of Circuit Model

{_’.;'RTFDEI:aiI - Windows Internet Explorer

Fecalculate |

FQ View XTF |Banks Feeder Factor |[XTF Accuracy ‘ I—I
Defaults =it a5 Default |

07469 |4 1.2 0.2241 [5.00 %

|9/9/2012 6:59:01 PM Single-Phase Fault on Phase A SABIND, RTF User

Feeder pecder: 01323 Network : Riverdale Print

o1Moz : :
Structure Location |Re515tance Reactance
o1Mo3z

01Mo4 26 |M23658 0.0G75 0.1479
o1Mos |27 M23659 0.1027 0.1574
o1Mo7 |28 |IM11873 0.107 0.1654
o1Miq |29 |M11874 0.1116 0.1741
o1M1g |30 M11877 0.1160 0.18473
o1Mg5o (31 [M11889 0.1223 0.1025
o151 |32 M11891 0.126 0.1982

o1M54 (33 |M11893 0.1299 02041
o122
O1H23
o126
O1H2E
Q120
o132

ELEC .
CONCEPTS © 2015 Electrotek Concepts, Inc. All rights reserved. nEd'son



Visualized Location of Fault

(,?\l'isual Fault Locator - Windows Internet Explorer

Visual Fault Locator

RI¥ERDALE target feeder[01X23 1, RTF[D.2241 ], accuracy[5.00 %], banks[4 ]

01Xz

01x22
MX23
01X25
I
01X28
01xz9
013350
01%32
01xzd
01331

01326

zelectall clearall®

*rarget far always on

M LandBase
[ streets
= M3-Plates
™ Feeders
M FaultiDs

W wihite blkground

| inkranet
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Distribution Fault Location Results

e On average, use of the reactance-to-fault
method for fault location saves one hour
per feeder restoration job

e Mitigates use of capacitive discharge
thumpers and DC high voltage (hi-pot)

testing

Year

2009

6%

2010

11%

2011

5%

Summer 2012

1%

© 2015 Electrotek Concepts, Inc. All rights reserved.
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/) RelayR TF - Microsoft Internet Explorer ===

File Edit \Mjew Favoribes Tools  Help ‘ .'.lf

eﬁack - I\) - |ﬂ @ ;h | /:\-' Search ‘in\"_( Fawarites @| I’-:)" :_}; ,ﬂ A _J ﬁ ,‘3

Address |&] http:/jwdevnet 1 (RTF/RelayRTF/RelayRTF.aspx | B eo | Wconvert - [0 Select

Relay RTF - Power Quality BAROUDIG, RTF Local Admin

PG Home 2 External Links Cortact Admin a REIﬂfTﬂrgEtS - Microsoft Internet E:leurer . A I DIEI
Recent Activity RTF Substation T

Motthaven 4¥54 (124
06/ 10/ 2010 10:50:07 AM | Graph
Three-Phase Fault | Relay Targets

Astor 28Maf {244}
ob/1z2/2000 16:02 Single-Phase Fault on Phase B RTF: 0.108g

Close YWindow _

| PI Correlation Data

Iy File  Edit  ¥i

RMS Duration: z.58s | Fault Duration: 37.80c

New Qeuct - € NMame TimeStamp Description
- -

T;";tf;?‘;“l g}ig;ﬁ?ﬁm — ~olssses @ || ASTOR BKR 244 (28M18) 2009-06-12 16:02:49 | CLOSE-TRIP
Three-Phase Fault | Relay Targets hi

Relay Targets

BIMS Duration: 2.58s | Fault Duration: 21.00c 3
Motthaven 4¥54 (124) Qsc Tr1g Cn
06/10/ 2010 10:50:0% AM | Graph 5 PHASE IOC1 OP B

Three-Phase Fault | Relay Targets

RMS Duration: z.58s | Fault Duration: 21.00c ‘ PH'&SE TDC 1 PKP E
Motthaven 4¥54 (134) GROUND TOC1 PEP
06/ 10/ 2010 10:50:01 AM | Graph CROUND IOC1 PEE

Three-Phase Fault | Relay Targets

RIS Duration: z2.58s | Fault Duration: 2.q4o0c G’ HD U N D I D C 1 DP
Motthaven 4X54 (134) NEG SEQ IOC1 PKP
06/ 10/2010 10:49:50 AM | Graph

Three-Phase Fault | Relay Targets : 5 Gﬂd +Neggeq ':'ﬂ
RIS Duration: z.58s | Fault Duration: 2.qo0c : 2 CE StatUS Dn

£0-51 TRIP IOn

50N-51M TRIP ICn
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GND TRIP Cn
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Transmission Feeder Trip - Email Notification

B Overcurrent at R28-Ramapo 345k¥ - Message (HTML)

Eile Edit Wiew Insert Format Tools  Actions  Help

_-LE.EepI\,.-' L—EReply to All | b Forward | S By | Bd | v | 2 | 23 A S

You Forwarded this message on 773172009 11:32 AM,

From: POview Test [PC] Senk:  Thu 73002009 646 PM
To: dl-DFR.

o

Subject;  Owercurrent ak R28-Ramapo 345k

Overcurrent Motification

Station / Timestamp

[Time Stamp |7/30/2009 18:34:15.0353

|Site Mame |R28-Ramapn 345kY }

Analog Channel Summary

| Channel |Units |RM5 Min |RM5 Max |Duratinn
lLine #77 Ph, 1 Yolts v | 1@6150| 207513
lLine #77 Ph, 2 Yolts 165672 207971
lLine #77 Ph, 3 valts 170466 211135
lLine #77 Ph, 1 amps 926.7 | 1130 |
[Line #77 Ph. 2 a&mps 951.9/ 1421 |
lLine #77 Ph. 3 Amps g1z.2 | 1143 |
ILine #77 Meut. Amps 36.93| 3006

0.01234| 0.07213| All Channels
io7es0l, 2eoued| Min/Max RMS Values

|
|
|
|
|
|
|
|
| 165328 208533
|
|
|
|
|
|
|

|

|

|

|

|

|

|

|Spare |
¥4 Ph. 1-M Yolts |
|

|

|

|

|

|

|

|

¥4 Ph. 2-M Yolts
Y24 Ph, 3-N Yolts
lvo4 Ph, 1 Amps
94 Fh, 2 Amps
Y94 Ph, 3 Amps
[¥94 Meut. amps
|5018 Ph. 1-N Yolts
5018 PH. 2-M walts

162037 227124
344,7| 7250
280.6| 1564
327.5| 1316 |
12,95  762.6|

272650 306713

||| || ||| <|<|F||XF|F]«<|<

266868 | 3055A4 | J |
7 1ic. Al IISIIL) reseirveu.

CUNUCEVFPITDS & ZU1l0 CIELLTULER LUITILEPL

‘_ A A~ 4 lh“l\.’lon



Transmission Feeder Trip - Email Notification

B Overcurrent at R28-Ramapo 345kY - Message (HTML)

File Edit Wiew Insert Formak Tools  Actions Help

;:L%Eepl';.-' L—E‘Replyto.ﬂlj bz Forward | S By | Bl | w | S | B | e - - AF IQJE|

You Forwarded this message on 713172002 11:32 AM.

Fram: POiew Test [PC] Sent:  Thu 713002009 6146 PM

To: dI-DFR.
Zc:
Subject:  Cwercurrent ak RZS-Ramapo J45ky

182037 | 227124
44,7 7259
zg0.6| 1564 1.108 s
327.5 | 1316 |
12,95  762.6 |
272650 306713
CEEE68| 305564 |
275608 | 309680
113.8| 2347 |

¥4 Ph, 3-N Yolts |
|
|
|
|
|
|
|
|
| 105.7|  676.2|
|
|
|
|
[
:
|
|
|
|

|

¥4 Ph, 1 Amps |
[¥24 Ph, 2 amps |
Y94 Ph, 3 Amps |
¥4 Neut. Amps |
|5018 Ph. 1-M Yaolts |
[5018 Ph. 2-M Yaolts |
|E018 Ph, 3-M Yaolts |
|E01E Ph. 1 Amps |
|E018 Ph. 2 amps |
[5018 Ph. 3 amps |
|

|

I

|

.

|

|

|

|

|

108.3 | 551 |
6478 220.5]
1206 271.4|

11.15] 1662 7.500c W72 Tl’lp Out

13.38| 1535 iie

1!:!_.I‘E! !:!D‘Q1!

[E018 Meut. Amps
W72 Ph. 1 Amps
W72 Ph, 2 Amps
W72 Ph. 3 Amps

||..|'l.|_.l"3 Plot Lt s
I r

- | | | | )| | | B D | | T | |

7429 | 1106 |
774.2| 2140
750.2| 1991
11.17| 20095
| s5.500] 1056
lo.009061 | 0.05339
\0.005938 | 0.05304)|
|0.007906| 0.06134
| 0.01062 | 0.05751

|69 Ph. 1 amps
|69 Ph. 2 amps
|69 Ph. 3 Amps
|69 MNeut., Amps
|F_'.r'|k Meut. Amps

|ﬂma|n:|g Channel 33 - Suggest Ya |
|Ana|ug Channel 34 - Suggest ¥h |

|ﬂna|u:|g Channel 35 - Suggest Yo |

s o o o O o

|Ana|u:|g Channel 36 - Suggest Ia |



Transmission Feeder Trip Notification
with Maximum RMS Values

34 Ph. 1 Amps
RMS: 5428
W84 Ph. 2 Amps
RMS: 1472
W84 Ph. 3 Amps
RMS: 1151
W84 Meut. Amps
RMS: 4832
B8 Ph. 1 Amps
RMS: 204 5
5018 Ph. 2 Amps

RMS: 855.6

5018 Ph. 3 Amps
RMS: 5154
018 Neut. Amps
RMS; 222.4
W72 Ph. 1 Amps
RMS:; 223.8
W72 Ph. 2 Amps
RMS: 1488

W72 Ph. 3 Amps
RMS; 1279

W72 Neut. Amps
RMS: 8542

&89 Ph. 1 Amps
RMS; 1039

89 Ph. 2 Amps
RMS: 1862

&2 Ph. 3 Amps
RMS: 1821

a9 Meut. Amps
RMS; 1633

R28-Ramapo 345KV - 7/30/2009 18:34:15.0353
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Fault Location Projects using the Same Power
Quality Monitoring System at Con Edison (PQView)

.ELECTRO

Company Voltage (kV) Circuit SCADA
Models Integration

Con Edison Network Feeders

San Diego Gas & Electric 12
Wisconsin Public Service 25

United Illluminating
Company

DTE Energy (Detroit Edison)

Georgia Power Network
American Electric Power

Hydro-Québec

Alabama Power Company

Hydro Ottawa

Con Edison Overhead
Tennessee Valley Authority

National Grid
British Columbia Hydro MV

Jamaica Public Service MV

13, 27,33

2005

2006
2008
2008

2009

2019
2011
2012

2012

2013

2013
2013
2015

2015

2015

PQ Monitors
and Relays

PQ Monitors
PQ Monitors
PQ Monitors

PQ Monitors

Relays
PQ Monitors
PQ Monitors

PQ Monitors

PQ Monitors

PQ Monitors
DFRs

Recloser
Controllers

PQ Monitors
and Relays

PQ Monitors

Proprietary

SynerGEE
SynerGEE
CYMDIST

Custom

CYMDIST
CYMDIST
CYMDIST

CYMDIST

CYMDIST

Proprietary
CAPE
CYMDIST

CYMDIST

CYMDIST
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OSlsoft
Pl System

Production

Pilot Completed
Pilot Completed

Production

OSlsoft
Pl System

Production

Preproduction
Pilot Completed

Pilot
Oracle SOE

Preproduction

OSlsoft
Pl System

Pilot

Pilot
Pilot

Prepilot

OSlsoft
Pl System

Prepilot

Prepilot :
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What are the Other Data Sources for the Power Quality
Monitoring Systems at Con Edison (PQView)?

IEEE® PQDIF I-Grid®

IEEE® COMTRADE GridSense
MODBUS® HIOKI

Advantech® OSlsoft® Pl System
Arbiter® Systems Power Monitors
BTECH® PSL PQube®
Cooper CYMDIST Qualitrol® /LEM
Dranetz® e SATEC

EDMI e Schneider Electric®
Electro Industries® e Schweitzer Engineering Laboratories®
ENTSO-E Loads e Siemens®
Environment Canada e SynerGEE® Electric
Fluke®/RPM e TECTRA ALFA

GE® e Unipower®

Gossen Metrawatt e Duke Energy Carolinas Oracle FMS

ELECTROTEK C .
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Power Quality Monitoring System (PQMS)
at the Consolidated Edison Company of New York

e Data Integration and Basic Analysis
e Permanent Faults

e Inrush Events

e Second Faults

e |Incipient Faults

¢ SCADA/PQ System Federation

© 2015 Electrotek Concepts, Inc. All rights reserved. <E Con EdlSOn



CIOA Events

e A “cut-in open-auto” event (CIOA) describes a feeder trip
immediately upon re-energization

e A CIOA could be caused by a fault or by inrush current

e Relays at area substations detect an overcurrent condition on
the feeder and trip the breaker — even though there is no fault

e |f there is no fault, the feeder can be re-energized quickly

e Con Edison needed automation to distinguish between fault
events and inrush events reliably

© 2015 Electrotek Concepts, Inc. All rights reserved. <E Con Ed ISOn
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New Steps for Con Edison PQMS Module
I’T Calculation and Analysis

Substation Monitor
I12t=61.57 kA2's

Vb Ve

Voltage (V)

No Operations Found

\/
A

Current (A)
I

Time (s)
Electrotek/EPRI

Voltage (V)

Operation

Point Name 42BX42S.DX

Time Stamp 7/24/2014 23:25:43.0163
Value W42ST_1 BKR 42S 16M79

'E_ECTROTEK
CONCEPTS

Description CLOSE-TRIP

Current (A)

Electrotek/EPRI

Substation Monitor

12t=60.60 kA2's

|

W\/ /HHM

M

I

O T

\
0.2

Time (s)

PQView®
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“Second Faults”

e After a feeder is repaired a high voltage (hi-pot) test is
performed

e Between 9/1/2010 — 9/1/2013 Manhattan, Brooklyn & Queens
had 384 failed-on-test occurrences (FOTSs)

9/1/2010 - 9/1/2013

= Open-Auto 9/1/2010 — 9/1/2013

M Failure-On-Test BrOOklyn

Queens

Total FOTs analyzed 114

65

457 Failed on the rise 88

40

Failed ammeter clear 19

21

Failed at test voltage 7

4

FOTs that failed on rise
16.51% 19.63% or ammeter clear

89

94% 94%

154

Manhattan Brooklyn Queens

.EECTROTEK

© 2015 Electrotek Concepts, Inc. All rights reserved.
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Single Line to Ground Fault

Area Substation Primary Feeders Secondary Network
Transformer

Within seconds of the circuit breaker trip in the area
substation due to the fault, network protectors are
engineered to open and fully deenergize the primary
feeder cable.

If a network protector does not open, then there is an
overvoltage on the unfaulted phases up to line-to-line
voltage.

This may cause a second fault on the out-of-service
feeder that may not be in the same location as the
first fault.

ELECTROTEK C .
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Capturing Waveforms during Second Faults
and Sending Notifications

Secondary Network

e Two Voltage Sags Recorded
by PQ Monitors at “Master
Point”

e Only One SCADA Operation
Area Substations
e SLG Fault with Zero-Sequence

e Subsequent Negative-

Sequence Overcurrent
PQ Monitor Retrofitted

e One SCADA Ope ration with Negative-Sequence Filter

© 2015 Electrotek Concepts, ved. (E Con Ed ison



Second Fault: Initial Fault Measured
at the Substation

North Queens TR2 - 7/21/2013 17:23:18.4170

L

Zero Seq / Ground Current Time (=)
Negative Seq / Current Unbalance North Queens TR2 - 7/21/2013 17:23:18.4170

Vb Ve Ia

20000

(V)

& 15000

10000 _|
2500

2000
1500
1000 S

Current (A Volta
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Second Fault: Subsequent Overcurrent
Measured at Substation

North Queens TR2 - 7/21/2013 17:23:19.2000

vb vc Ia

Il w oot
NI ||'|'||||I' " | ||' U |||||||| |
i MU '\ \ )\ W qU M U \

o) F oy ﬁ ) |{| fﬂ"| ﬂ ﬂ
);Ilnl I '(ul } |l \ﬂ Il|f||||| |
{U ' l:I flj x\} flU J|I f' “iv | j\) ||| '/ul

I |
0.1 0.2

Ic 2

Additional Current to First Cycle

Current (a0

i

|
TRV
oy

|

0.2

Current (&)
TTTTTETTTTI

o

Zero Seq / Ground Current

Su bseq uent Event Negative Seq / Current Unbalance

— A Negative-Sequence Current Filter installed on the monitor triggers
when a current unbalance is detected to capture the event.
— The presence of negative-sequence current with no zero-sequence

current indicates current is passing through a network transformer to
a second fault.

© 2015 Electrotek Concepts, Inc. All rights reserved. <E Con Ed |SOn



Second Fault E-mail Notification

PQView sends an email notification after detecting a second fault
and no operations.

eFault

From: PQView Infonode RTF4 <pgview@coned. com > Sent: Wed 10/16/2013 12:57

To: O mousaa

%ct: Fault Notification: Plymouth ST TR4

This email has been sent to you by nile from PQVIEW Substation Nodes

RMS | Time |XTF|Va |Vb | Ve [Ia [Ib [Ic [10 [, | Relay

Site Name Local Time Dur Offset(s) | (@) | (V) | (V) ™ @ @ @@ k1 | Channels Operations

Plymouth ST |10/16/2013 [Waveforms = R P fmosee 2013-10-16 | PLYMOUTH BER 445 |CLOSE-
e e i i 5498 c | 0.09963|1.002 7083 20302 17114 2527 [1106 |705 841 | 3 rippes PYBR44SDX | poo iowe

eSecond Fault

Fram: PQView Infonode RTF4 <pguiew@coned. com =
Tan pq

@: Possible Second Fault Detected: Plymouth ST TRD

This email has been sent to you by rule from PQVIEW Substation Nodes

Site Name Local Time Hyperlinks [Fault Type [RMS Dur Time Offset(s) jgf Va | Vb | Ve Ia |Ib | Ic |10\, g v Channels |Operations

M [ ) @@

Flymouth 8T TE4 [10/16/2013 12:54:32.9310 w I2 15¢ 0.1820 014590 (15267 (14536 (228 932 1220 3

ELECTROTEK C .
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Power Quality Monitoring System (PQMS)
at the Consolidated Edison Company of New York

e Data Integration and Basic Analysis
e Permanent Faults

e |nrush Events

e Second Faults

e Incipient Faults

¢ SCADA/PQ System Federation

© 2015 Electrotek Concepts, Inc. All rights reserved. <E Con EdlSOn
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Incipient Subcycle Fault Location
Using Time-Domain Estimation

Voltage (pu)

' '
o
w

Current (kA)

=
o

I
wn

o

Subcycle InC|p|ent Fault

Actual XTF: 0.3221 Q

Subsequent Permanent Fault

Vc

Ia Ib Ic

Voltage (pu)
) o &
(8,1 o [§,] o
| |

—
o
|

—_
o
|

0.45
Time (s)

(6]

o

Current (kA)

1
w
|

1\\\\\\\\\}\\\\\\\\\\\\\\}\\\\\\\\\\\\\\}\\\

0.35 0.40 0.45

0.50

0.55

Time (s)

0.60 0.65 0.70 0.75
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Subcycle Fault with Breaker Operation

Subcycle Fault Leads to Breaker Operatlon
It (XTF ) (XT ) =

Sl

(& conEdison



Power Quality Monitoring System (PQMS)
at the Consolidated Edison Company of New York

e Data Integration and Basic Analysis
e Permanent Faults

e |nrush Events

e Second Faults

e |Incipient Faults

e SCADA/PQ System Federation

© 2015 Electrotek Concepts, Inc. All rights reserved. <E Con Edlson



Area Substation Voltage Control

e The amount of MW load determines what the voltage should be
at the area substation following a set of rules called the “voltage
schedule”.

— Whether the voltage can be above or below the scheduled
voltage depends upong the time of day and the day of week

e Methods of Controlling Area Substation Voltage
— Voltage Var Control (VVC Mode)
— Local Tap Changer Control System (CMVM Mode)
— Manual Adjustment of Transformer Taps

© 2015 Electrotek Concepts, Inc. All rights reserved. <E Con Ed ISOn



Area Substation Voltage Control

Area Substation Load versus Voltage Schedule

TOTAL 13KV BUS LOAD

13KV Feeder Bus Volts

(Megawatts)

0 - 50

13,000

51-100

13,100

101 -150

13,200

151 - 200

13,300

201 - 250

g Scheduled Voltage
13,400 9

N .
Max Voltage

Station A

I .
Min Voltage

HGLODWX

13.6

251 -300

13,500

Above 300

13,600 | 1357

< 13.4

.E_ECTROTEK

13.3

13.2

250

=
=
200+

150+

\ \ \
9 Sat 10 Sun 11 Mon
Jul 2011
Con Edison®

\ \ \
12 Tue 13 Wed 14 Thu
Time

I I
15 Fri 16 Sat

PQView®
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Con Edison PQMS Module:
Voltage and Reactive Power Control Analysis

_3\ = : StationSPec
Hame Create External Data Database Tacols

s

=5| station 5PeC Trend Charts

|K|@|%||X|+|ﬂ|%lﬂjl ¥ Zoom Windaw

Skark Date

EEE ¥ Station PQ Volage Fast 20th Street
[ sSkation SCADA Yoltage
| EEEE [ 1 |

Finish Date [ Individual Transformer ki Sation PQ.E2THET Seftechied Vaitags M Vicitage

v Scheduled Yalk . e
|6||'12I|'2011 II; I"-"Il;;imil:ﬂ Vﬂﬁ:a‘;g: SCADA, '\-'o'ﬁ Deviaion Woltage :E:’.m Lol Vaoilage :E:’.m Tal
Select Substation ¥ Mirimum Yoltage o et ol bl el
™ P voltage Deviation 13.504
Askar o iaki
el v SCaDA Voltage Dev!atfun = 13.254
S W SCaDa volkage Deviation CL 13.00
BLcTEEEn A W Substation P Yoltage (%) .
Brownsville 1 W Metwork PQ Yolbage (%) 250
Brownsville 2 I™ Tap Positions = 04
Bruckner [~ TapRange 250
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Cherry, Streek [~ Individual Transformer My .
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Corana 2 I IR

East 179th Street v Total Transformer Mwar 85.0+
{East 20th Street ™ Individual Transformer Myvar
East 36th Street [~ Mvar Range a0+
East 40th Street 1 [ Mwvar Range UCL
East 40th Strest 2 ™ My Inbalance 257
East 63rd Street 1 Wi 1.0004
East 63rd Street 2 o P ot

i 0.975

Mavigation Pane

East 75th Street
Elrnsford 2 [ signed Powsr Factor

For Hills ¥ Regulation Cantral Mode g 0.950+
Fresh Kills [ Capacitor Operations 0,925
Glendales

@ranite Hil Jun 2011
Grassland
rasslands Con Edison® StationSPec PQViewE

Farm Wiew Mum Lock || EHE 6B | B [ -
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Area Substation Voltage Control

Voltage Control and Optimization
e Process Control Tool Development
— Control Variables
e \/oltage Deviation from Schedule
e Range of Tap positions on Parallel Transformers
e Range of Mvar Load on Parallel Transformers

— Apply control chart methods to develop upper and lower
control limits

© 2015 Electrotek Concepts, Inc. All rights reserved. <E Con Ed ISOn



Simple Application of Statistical Process
Control Methods

e Early each Monday morning, derive weekly average and standard deviation values for
the control variables

e At the same time, create weekly summary reports for distribution via e-mail and on
the company intranet

e When analyzing a week for statistical process control, derive upper control limit (UCL)
and lower control limits (LCL) value that compare the average and standard deviation
for the past week to the average and standard deviations of the eight weeks prior to
the past week.

StDev,  +StDev, , +...S5tDev,

8
StDev  +StDev, , +...S5tDev,

8

< +3

= -3

Avg = Weekly Average of Controlled Variable
StDev = Weekly Average of Controlled Variable

n =The week being analyzed

© 2015 Electrotek Concepts, Inc. All rights reserved. <E Con Ed |SOn




Voltage Deviation Control Chart

Substation A
I O T, —
Station PI.LEIVOLT Scheduled Voltage Max \oltage Min Voltage

— [ — ) — —
SCADA Voltage Deviation Voltage Deviation LCL \bltage Deviation UCL LE1LODWX

! A
Process ContV’a |

Violation 5.01% UCL

i, 53 =3 g
QZ0Z0Z>2 02
>=

5 Slun 8V\Iled 9 Thu 12 Sun

EL Jun 2011 Time
Con Edison® PQView® Edison
d N - “C—




Tap Range Control Chart

Station C

I [—— [ — i

Station PI.MHVOLT MHTT1.MX MHTT2.MX MHTT3.MX

—_— — L 11| —

MHTT4.MX Tap Range Tap Range UCL MHLODWX

,l,UCL_ 5

A A e e B P e

80

60 |

40 |

x x x x T x
5 Sun 7 Tue 8 Wed 9 Thu 11 Sat 12 Sun

Jun 2011

Time
PQView®

.EL g Con Edison®
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Reactive Power Balance Control Chart

Station D

Station PI.TCVOLT TCLODWX Mvar Range Mvar Range UCL

Process Control
Violati

\I'UCL 4 MVAR

T

x x
5Sun 10 Fri 1 Sat

Jun 2011 i
ELE Con Edison®
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o 2 - StationSPed

Horme Create External Data Database Toals

Service Service Service
Hours Cap| Hours Cap | Hours Cap
1 2 3

East 79th Street | 071172011 83.63%  97.49%  99.94%  93.20%  97.89%  99.94%  83.63%  96.48%  99.17% 0.00% 74.26% F1.38%  37.55%
East 36kh Street 07i11fz011 87.26%  96.65% 100,00%  87.26%  97.50% 100,00%  85.41%  94.59%  99,85% 1.39% -99.82% 80.06% 57.29% 31.75%
East 40th Street 1 | 071172011 89.74% 97 73% 100.00%  89.74%  97.62% 100.00% 0.00% 97.85% 100.00% 5.26%  -99.86%  31.85%  62.40%  94.59%
East 40th Street 2 | 0771172011 89.57%  96,90% 100,00%  89.87%  97.24% 100,00% 0.00% 95,99% 99,658%  40.28% -99.58%  76.98%  62.75%  37.40%
East 63rd Street 1 | 071172011 59.92%  96.44%  99,99%  §9.92%  95.55%  99.80%  96.44%  98.66%  99,99% 0.00% 85.32% 75.15% 0.00%
East 63rd Street 2 | 0771172011 05.06%  98.09% 100,00%  95.06%  97.70% 100,00%  97.15%  99.16% 100,00% 5.85%  -99.93% 71.78% 0.00% 0.00%
Hell Gate 07112011 95.00%  99.55% 100.00%  95.00%  99.51% 100.00%  95.25%  99.63% 100.00% 12.60%  -99.85% | &858.84%  90.87%  82.94%
Tuarray Hil 07i11fz011 01.64% 94.84% 99,78% 91.,73%  95.80%  99.78%  91.84%  92.44% 93,15% 0.00% 0,00% 0.00%  100,00%
Parkwview 07112011 03.48%  96.54% 99.46%  93.57%  96.97%  99.46% 93.48%  95.46% 99.06% 0.00% 100, 00% 0.00% 0.00%
Plvrnouth Street 07i11fz011 93.,15% 97.13% 100,00%  93,15%  97.20% 100,00%  93.49%  96,96%  99,75% 4. 71% -99,93% 55.36%  54.27% 35.64%
Seaport 1 07112011 91.60%  97.21% 100.00%  91.60%  97.18% 100.00%  92.,55%  97.28%  99.41% 1.84% -99.97%  §9.29% 100.00% 100.00%
Seaport 2 07i11fz011 89.19%  96,20% 100,00%  89,19%  95.51% 100,00%  90,20%  97.34%  99,95%  24.11% -99.71% 45.44% 20.29% 64.73%
Sherman Creek 07112011 05.49%  99.21% 100.00%  97.52%  99.53% 100.00%  95.49%  95.20% 100.00% 7.59%  -99.93% 86.71%  89.19%  85.86%
Trade Cenker 1 07111}2011 91,90% 95,09% 100,00%  91,90%  95.31% 100,00%  92.27%  94.78% 99.01%  32.29% -96.,77% 100,00% 100.00%  79.37%

Weekday | ‘Weekday| Weekday| ‘Weekend| ‘Weekend| Weekend|Leading PF|Leading PF

St ik | BRI GRER S| BRER T e e e B e e Hairs fvg
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[+
Farm ‘iews | Murmn Lock HEII%E
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What’s Next at Con Edison?
Increased Data Integration Functions in PQView 4

Server Web and Mobile

Applications

ECC PI
Server
PQ/DE PI

PQ&Energy ( ]
Meters PQView 4

* APl & Web
PQView 4 Services

DMS

I

Digital
Relays

SQL
Servers

IEC 61850
IEDs

OPC-DA Desktop Apps
Server

Sensors

IEEE PQDIF Files

.ELECTRIQE'EEG@MTRADE Files ( .
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What’s Next: Fault Location
in Overhead Distribution System

e New power quality monitors installed in Queens as part of the American Recovery
and Reinvestment Act

— New monitors installed to complete a pilot project on overhead fault location

with a primary goal to locate problem line sections or equipment after measuring
momentary faults

e Radial feeder models from integrated from on company modeling software in 2013
e SCADA correlation added in January 2014

e Both resistance-to-fault and reactance-to-fault
will be explored

e The project includes display of the feeders
using aerial imagery with one-line feeder overlays

© 2015 Electrotek Concepts, Inc. All rights reserved. <E Con Ed |SOn



What’s Next for Area Substation for Fault
Location

e New Firmware for Monitor to Compute/Trigger on Negative-
Sequence Current internally

e Automation of Subcycle/Incipient Fault Location Estimation

© 2015 Electrotek Concepts, Inc. All rights reserved. <E Con EdlSOn
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For more information:
Brian Todd
Kevin Kitteridge
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