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ARRA disclaimer

Acknowledgment: This material is based upon work supported by the
Department of Energy under Award Number(s) DE-OE0000374

Disclaimer: This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States Government
nor any agency thereof, nor any of their employees, makes any warranty, express
or implied, or assumes any legal liability or responsibility for the accuracy,
completeness, usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by trade
name, trademark, manufacturer, or otherwise does not necessarily constitute or
imply its endorsement, recommendation, or favoring by the United States
Government or any agency thereof. The views and opinions of authors expressed
herein do not necessarily state or reflect those of the United States Government or
any agency thereof.



Project participants

= Duke Energy Carolinas

= Megan Vutsinas, Megan.Vutsinas@duke-energy.com,
704-382-0855

= Tim Bradberry, Tim.Bradberry@duke-energy.com,
104-382-4728

= \VVendors: Alstom Grid, SEL, Cisco, OSlsoft, EPG


mailto:Megan.Vutsinas@duke-energy.com
mailto:Tim.Bradberry@duke-energy.com

Project Map
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Synchrophasor uses

= Control Room Usage

= Visualization software deployed spring 2014,will include alarms
sent to EMS

= Integration with State Estimator
= Redundant measurements in SCADA applications
= Planning Usage
= Event analysis
= Model tuning (generator parameters, frequency response, etc)

= PMUs installed at one distribution (solar) facility
= “seeing what we get”




Carolinas Architecture

RTDMS Client Application
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Visualization

= Deployed in Control Room Spring 2014

= No current operating procedures/guides, strictly monitoring
currently

= Able to see system behavior not previously observed
= Not all oscillations are “bad” oscillations
= Currently operators notify engineers of “abnormal” behavior



Control Room Visualization

Dedicated monitor
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Integrated Alarms

= Targeted 2015, proof of concept complete
= Additional DNP3 input configured to EMS

= ONLY alarms not available via the EMS
= RTDMS still alarms on all, but only certain selected
= Want to maximize value to operator
= Examples: angle differences, oscillations
= Alarms refer the user back to RTDMS for further analysis



Enhanced State Estimation

= Pilot project involves combining SCADA and phasor
measurements into the traditional WLS estimator

= Solution rate of 99.8% prior to PMU incorporation, don't
expect to see significant improvement

= Expect PMUs to provide measured angle values,
redundant measurements for SCADA
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= Internal Angles center around zero

Disable PMUs in Network

Telemetered Network Data ‘0

— By Station - |Snrted;-‘ﬁ|tered | Anomalous | Special | Status | Summed Measurement |

| »

E YV @

Last Solved: 24-Jul-2014 13:46:47 Enable All Stations RTHET REALTIME LOSSES CALCED
. Quality Sign Value .
Lelenslis s SCADA | Estimated |FWP  SCADA | Estimated Biiip Sl
ANTIOCH IN DUKE o
Bus 54 )
Good [ Disabled _| -163.68 -3.78 PANG _ o Rowr
Mode 5011 —
Bus 54
Good [ Disabled _l 53140 53513 PKV _ o Row
MNode 5011
Bus 54
Good [ Available _| 531.39 53513 KV o Y4 Row
MNode 5001
Bus 54
Good [ Available | 53209 53513 KV Ll o Row
MNode 5000
Bus 55
Good [ Available _| 23790 238.91 KV ol Y4 Row
Mode 2001
Bus 55 )
Good / Disabled _ | -165.18 5.23 PANG | T4 Row
Mode 2010
Bus 55 )
Good [ Disabled _| 237.32 238.91 PRV _ i Row
Mode 2010
Bus 55
Good [ Available | 23T 238.91 KV o Y4 Row
Maode 2000




Reference Bus without PMUs

= Reference bus is currently Allen
= assumed zero degrees

Min Bus Mumber:
Network Island Summary ‘ S & | 1TOPOLOGY ISLANDS
RTHET Last Solved: 24-Jul-2014 14:24:47 RTHET REALTIME LOSSES CALC ED
- Reference Bus - Swing NV MW MWV Number of | Number of MW MW MW Solution Status Ho\
# Station KV Number Generator | Online Capacity| Generation Load Buses Branches | Losses | Mismatch HVDC Converged lterMax DIV Re
1 ALLEN 16 32 UH 3 309757.94 173119.61 168876.92 7767 11340 4503.19 260.55 0.00 kd

I
Bus: 32 sland: 1 Solved 16.0 KV 0.999 PU Remove Show Nhood
V Meas Observable MEAS 16.0 KV 0.999 PU

- To Station:
= pomor | o 3 808 To Staor: | ALLE
252.0MW 62.6MR '
AUX Remove  AUX3
15.2 1MW 15.2MR
Unit  UN_3 267.2MW 7T.8MR Remove

269.7 MW T71.2MR MEAS



RTNET Solution without PMUs

- Bus Symbolic View - | Bus List View =~
Network Bus Summary 8 l | "= Y @
RTNET Last Solved: 24-Jul-2014 13:45:47 RTNET REALTIME LOSSES CALC ED
ANTIOCH IN DUKE ) - Station Total
Options 5517 | Posiion to Bus Generation: 0.0 W 0.0 MVAR
ANTIOCH TIE Load: 0.0 W 0.0 MVAR
500 KV
Bus: 54 lsland: 1 Solved 5352 KV  1.070 PU (.3.? DEG } Remove erertitead A= 1.6°
VMeas Observable | MEAS 531.4 KV 1.063 PU
AMP i} —
: e o |+ —3 522 © st 7
=0 38T.TUW 6.0MR '
391.30W 6.5MR MEAS
. — s | + |35 e
= 388.3MW 3.6MR '
379.40W 7.6MR MEAS
398.4 ANMP ROCK_SPRNG.2 To Staion: MCGUIRE
LM Remove =
398.7 AP 369.2MW 11.3MR LNz: ROCK_SPRN
375.1MW 14.1MR MEAS
438.9 AP JKSN_FERRY-1 To Station:  JKSN_F
LM Remove
369.5AMP 406.9MW 1.8MR LN2: JKSNFERRY-1
380.5MW 2.2MR MEAS
0 - Bus Symbolic View — | Bus List View I ﬂ
Network Bus Summary o | == D
RTMET Last Solved: 24-Jul-2014 13:45:47 RTNET REALTIME LOSSES CALC ED
JKSN_FY IH PJM ; = Station Total
Options 5517 | Posilion o Bus Generation: 0.0 MW 0.0 VAR
JACKSONS FERRY Load: 0.0 W 0.0 MVAR
I
Bus: 5782 Island: 1  Solved 5334 KV 1.067 PU 1.1 DEG Remove Show Nhood
A5 RITAKY 1086 DI
452.0 AMP JKSN_FERRY-1 To Station: = ANTIOCH
LN Remove L2 JKSN_FERRY-1
434.4 AWP ADT.6MW 90.7TMR : e y
393.3MW 100.0MR MEAS




Enable PMU Measurements

= Internal Angles “skewed” to around 150

| v

(e [ Bl ‘8 - By Station - |Sorted,-"Fiftered I Anomalous I Special I Status I Summed Measurement I I EE v @

Last Solved: 24-Jul-2014 13:47:47 Enable All Stationsl RTNET REALTIME LOSSESCALCED

Quality Sign Value

Device Name SCADA | Estimated | P  scaDpA | Estimated

Enable | Primary

ANTIOCH IN DUKE of]
Bus LT )
Good [/ Available _| -163.67 -163.69 PANG  #1 o Row
Mode 5011 B
Bus b
Good [/ Available _|  &B31.35 53511 PRV e o Row
Mode 5011
Bus b
Good [ Available _l 53139 53511 KV e b d Row
Mode 5001
Bus b4
Good [/ Available _| 53174 535.11 KV e o Row
Mode 5000
Bus 55
Good [ Available _| 237.90 238.90 KV el o Row
Mode 2001
Bus 55 )
Good [/ Available _| 16547 165.15 PANG o Row
Mode 2010
Bus 55 )
Good [ Available _| 23734 238.90 PKV e o Row
Mode 2010
Bus 55
Good [/ Available _1l  237.2% 238.90 KV e o Row

Mode 2000



Reference Bus with PMUs

= Reference bus is still Allen

= Since there are measured angles now, no angle is assumed for the
reference.

= PMU reference is configured in the ISD adapter in the PDC

Network Island Summary Min Bus Number 8 | 1TOPOLOGY ISLANDS Al
RTNET Last Solved: 24-Jul-2014 14:26:47 RTNET REALTIME LOSSES CALC ED
-Reference Bus - | Swing ‘ MW MW MW  [NMumber of ‘Humberof MW ‘ MW MW Solution Status
# Station KV Humber Generator | Online Capacity| Generation Load Buses Branches | Losses | Mismatch HVDC Converged lterMax DI\
1 ALLEN 16 32 UN 3 300757.94 173358.20 169167.94 7767 11340 448077 290.55 0.00 L
- Bus Symbolic View — | Bus List View
Network Bus Summary ‘8 | | | B VYV @
RTHET Last Solved: 24-Jul-2014 14:26:47 RTNET REALTIME LOSSES CALCED
______________________________________________________________ W il
Bus: 32 Island: 1 Solved 16.0 KV 0.999 PU Remaove Show Nhood
AV Meas Observable MEAS 16.0 KV 1.000 PU
- To Station:
XF Romave | ¢ 3 B0 To Saon: | ALLen
252.2MW 63.0MR )
AUK Remove » AUX3
15.2IMW 15.2MR
Unit UN_3 267.4MW T8.2MR Remove
270.2IMW Tr.2MR




RTNET Solution with PMUs

- Bus Symbolic View — | Bus List View =
Network Bus Summary 8 | eg v vd)
RTNET Last Solved: 24-Jul-2014 13:47:47 RTNET REALTIME LOSSES CALC ED
ANTIOCH N DUKE ) ” Station Total
Opfions | 3517 |  Postion loBus Generation: 0.0 MW 0.0 MVAR
ANTIOCH TIE Load: 0.0 MW 0.0 MVAR
500 KV
Bus: 54 Island: 1 Solved 5351 KV 1.070 P Remove Show Hhood . A_ 1 70
AV Meas Observable | MEAS 5314 KV  1.063 PU - .
. e O e L
= 389.4MW 6.0MR '
397.8MW 6.5MR MEAS
AMP _ .
& it o | o |—3 6 m aun |
2= 390.0MW 36MR '
384.8MW 7.6MR MEAS
396.6 AMP ROCK_SPRNG-2 To Station: MCGUIRE
LM Remove =
379.2AMP 36741 12.0MR LNZ: ROCK_SPRNG-2
359.9MW 13.0MR MEAS
4445 AMP JKSN_FERRY-1 To Station:  JKSM_FY
LM Remove
398.7 AMP A11.90W 241R LN2: JKSN_FERRY-1
406.5MW 2.2MR MEAS
- Bus Symbolic View - | Bug List View
Network Bus Summary 8 N Vas big]
RTHET Last Solved: 24-Jul-2014 13:A7:47 RTNET REALTIME LOSSES CALC ED
JKSN_FY IN PJM . - Station Total
> (IS Generation: 0.0 MW 0.0 MVAR
JACKSONS FERRY Load: 0.0 MW 0.0 MVAR
—
Bus: 5782 Island: 1 Solved 5333 KV 1.067 PU{ 1610 D Remaove Show Hhood
AN Meas Ohsarvahle  MFAS APRT KV 1065 PII
457.5 AMP JKSH_FERRY-1 To Station:  ANTIOCH
LM Remove = )
460.0 AMP 270N 90.8MR L2 JKSH_FERRY-1
415.6MW 101.1MR MEAS
- - = Tn Statinn- IKCM EV




Lessons Learned

= Delta Angles stay the same, though individual angle values
are “skewed”

= Cost (Error) remains the same before and after PMU
measurements are enabled

= Not giving phasors higher accuracy weight




Questions
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