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Data Quality

1. The term “Data Quality”, what is it good for?

— Too vague to be useful

2. What is important?

— Accuracy
— Availability
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Problem overview

1. Synchrophasor communication failures between the PMUs that measure
the values and applications that use the data are creating a gap in data
availability to track Synchrophasor metrics. There is a need for ongoing
support to maintain communications between the PMUs that monitor
the Synchrophasors and ensure communications are online and data is
available.

— Measurement accuracy is determined entirely by the PMU Availability is
determined by the communications network.

— Without maintenance procedures and policies, the deployed infrastructure fails.

— PDQTracker application tracks data availability to aid network and equipment
troubleshooting.

— Notification Systems and Support Groups are essential to maintaining
Synchrophasor communication availability
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Determine the value of the Data

1. Work with the end users of the data to develop availability
SLAs
— Protection and Control
— Situational awareness
— Post event analysis
— Baselining
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Phasor Measurement Unit Application Data Requirements

PMU Measurement Parameters Delay/Quality Parameters Other Information
Amplitude, Angle, or | Amplitude, Angle, or Frequency Measurement Transfer Data Lovs | Performance
Frequency Precision | Frequency Accuracy Range | Time Accuracy Time Message Rate |Time Window | Sensitivity | Class
(. degrees, mto) | (3, absolute valuey) | (11 ) (49 (ns) Reportssec) | sec) | Reports orms) | owprxn) | Tools mrasforms Comments
Small-Signal Stability 0.5 degrees - s | onrom b o o Renorsie | 600 ceonds | 10000 “ EPG RTDMS, Allsom [Even in eakine appliations, sma y g analy Jess event-based). D)
Monitoring 0.01 Hz, - LoHz m 60 Reportsisee | 600 seconds, m eTema Vision drop outs can be tokrated and "burst data” packets can be handled by many algorithms.
Voltage Stability 001 paumag . s | or- 100w . w0 1o Resorsiee | 300 scconds | 10000 M EPGRTDMS, Allsom | Even in eaktime applications,vollage sabifty ofien requirs a ong analysis windorw. Data drop ous can be
Monitoring/Assessment 0.5 degrees. - g m eportsisec econds R eTema Vision tolerated and "burst data” packets can be handled by many algoriths,
Thermal Monitorin degees ienifican data drop outs can be olerated and "burst dat” packets can be handied by many algorihms, Thema
nitoring 0.5 degr TVE STD 0-02Hz STD 1000 ms | Reportisec | 300 seconds | 30 Reports X Significant data drop outs can be tokerated and "burst data” packets can be handld by many aorilhs. Thermal
(Overload) 0.1 pu mag Moniorig (Overbad) s primariy a finction of fndamental frequency curent and vollages
. 0.5 degrees
Frequency ty/Islanding Fs TVE STD | 10-300Hz STD soms 60 Reporsisee | Sseconds | 1 Report 3
L Action S 001 pamag
Remedial Action Schemes: . S Arming s ko ltency, steady state phenomina, The response s based on the overalrequired timing of the
medial Action Schen 0.5 degrees TVE ST | 002-30.0Hz STD 20 msor 50-70 ms | Reportisec | 300 seconds | 1 Report P RAS Anming i low leney; steady sae ph The response & based on h I required timing of the
Automatic Arming 001 Hy RAS o protect the system fiom instablity,
Remedial Action Scheme: 0.01 p.u. mag. . ) 0120 RAS Event Detecton s low ltency, low delay event. Typialy i wouk e a eport by exception raber than a
" 0.5 degrees ™ STD [ 0.02-300Hz STD 20ms 300 seconds | 1 Report 3 poling mecharism, Thi i only included as a refeence NOT a recommended method. RAS event acton would be
Event Detection 0.01 1 Reportsisec 3 Lac
2 a command action.
0.5 degrees
Out of step protec Sor ™VE stD | 5.0-300H STD 10ms 60 Reporsisce | Sseconds | 0 Reports 3
Frank Tuffner g
Short-term stab 0.5 degrees. ™VE stD | 05-300 1 STD 16ms 60 Reporssisee | 60 seconds 10ms 3
Staff Research Engineer o0H
Electricity Infrastructure Group 001 pu g : :
Long-term stability control ™ stD | 0- 1008 STD 1000 ms 30 Reporsisec | 600 seconds | 1000 ms X

0.5 degrees

Pacific Northwest National Laboratory | racrs eseomeo | Sflsme |0 | | pn|  am o ||| om | = e S i i o s
1100 Dexter Ave North, Suite 400 - | oo ’
Tel: 206-528-3124

Fax: 206-528-3353 Disturbance Anal

0.01 pau. mag

Compliance e
francis.tuffner@pnnl.gov
Frequency Response @Fctpes TVE STD 0-1.0Hz STD 1000 ms. S Reports/sec | 300 seconds | 25 Reports M
Analysis 001 Hz

0.01 pau. mag Time frame of

Model Validation 0.5 degrees ™E stD | 0-300H STD 1000 ms 60 Reportsisee o 1000 ms M
0.01 Hz mode!
Phasor Network G the phasor d drop out sensitiviies. This
performance monitoring & NA TVE STD 0-300 Hz STD Measured 60 Reports/sec [86400 seconds| 60 Reports X application itselfis insensitive to drop outs and delays (i i evaluating them), but the resuks may tie directly into other|
data quality appleation requrcerts
Baseline Normal Phase 0.5 degrees TVE STD 0-100 Hz STD 1000 15 Reportsisec [ 86400 second: 150 Reports M
Angle Trends = g h b 5 © S
Pattern ey
Recognition/Correlation 0.5 degrees, VE S0 | 0-02Hz STD 1000 ms 1 Reportie | 3600 seconds | 20 Reports M
Analysi: 0.01 Hz

0.01 pu mag
0.5 degrees TVE STD 0-1L0Hz STD 100 ms. 30 Reportsisee [ 300 seconds | 10 Reports M
0.01 Hz

Situational Awareness
Dashboard

‘The data disphyed on a trend or visuakzation may only be updated at 5 times a second or so, butifitis  trend the
data shoul be disphyed at sean rate updated at the shower rate.

Real Time Compl 001 pau mag
Monitoring with Reliab 0.5 degrees TVE st | 0-10mz STD 1000 ms S Reportsisee | 1800 seconds | 10 Reports M ReportsSccond cou vary dependent upon the Refabfty stndard i quesion
Standards 0011z

0.01 pu mag
0.5 degrees TVE STD 0-02Hz STD 1000 ms 1 Reportiee [ 3600 seconds | 30 Reports X
0.01 Hz

Real Time Performance
Monitoring and Tren

Not sure what this one means. Are you refering to the Electrical system or the data colkeetion system Diferent
nformation would be needed for the differet systerrs.

001 pu mag
. 0.5 degrees, ™E stD | 10-300 1 STD 100ms 60 Reportsisec | 3600 seconds | 120 Reports M
and Alarming oo

Anomaly Characterization




Notifications

1. The more specific the better

— Generic reports sent every day are soon ignored

— Reports need to highlight problem areas
— Avoid nuisance information
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Information at a glance

1. Avoid sorting a report by PMU name

— Sort by error condition

2. Dashboards give status at a glance
— Something to indicate warnings
— Need to show history

3. Automated detailed analysis helps the network engineers

— Use the synchrophasor timestamp to help isolate issues
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Understand your architecture

Stream
Splitter

The PDC “hides” data availability problems

* Availability issues at location 1 appear as data errors at location 2

* Availability issues at location 2 are unchanged at location 3 but appear as
data errors at location 4

* Availability issues at location 2 cause all the PMUs reporting to PDC A to have
the same availability issues as seen by PDC B or the PDQTracker.
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Clarify your terminology

1. Don’t use the term Packet when you mean Data Frame

— The term packet means a low level formatted unit of data on the network, it
is not a C37.118 or 61850-90-5 data frame

2. Invalid Data Flag

— Invalid Data flag as part of the C37.118 spec means nothing to the network
engineer, understand how that flag gets set and what it means

3. Time Error
— Some PDCs will set the time error bit when data does not arrive in time window

4. Data does not arrive late
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Simple additional

details make the

dashboard more
informative

avg
1.231 Mil
494K
249K
249K
284K
1.564 Mil
1.189 Mil
396K
396K
89K
89K
82K
82K
1.669 Mil
424K
1.011 Mil
1.112 Mmil

16



te
imed

process overloading the

network

TYET LTOZ/TT/90
VTEC L102/12/90
90°€T £102/T2/90
8Y'CC LT0Z/TZ/90
0£°2Z £T0Z/TZ/90
T LTOZ/TT/90
ST L102/12/90
9€°'TZ LT0Z/TZ/90
81T £T0Z/T/90
00°'TZ £102/12/90
T¥'07 £TOZ/TZ/90
20T £T02/12/90
90°0Z £102/1¢/90
8Y°6T LT0Z/12/90
0€'6T £TOZ/TZ/90
ZT6T LTOZ/TZ/90
+5°8T LTOZ/12/90
9E'8T £102/12/90
8T'8T £T0Z/T2/90
00°8T £TOZ/12/90
VLT LTOZ/TT/90
YTLT £TOZ/TZ/90
90°£T £T0Z/TZ/90
89T £T0E/12/90
0€°9T £T0Z/T2/90
9T LT0Z/T2/90
59T LT02/12/90
9€'ST LTOT/TZ/90
8T'ST £T02/T2/90
00°ST £T0Z/TT/90
YT £T0Z/T2/90
T YT LT0T/TZ/90
90°vT LTOT/TL/90
8Y'ET LTOT/TT/90
0E'ET £T02/T2/90
CUET £102/12/90

inute can help

arrive every minu
router issues or some t

Counting how many samples
trouble shooting

In this case it could indica

[
p
m ¥S'TT £T02/12/90 | A.ﬁ %Qﬁ,\
= 9€'2T £T0Z/T2/90 & A»
s 8T°2T LT0Z/T2/9 ﬂx, QQ
ke 00°2T £T0Z/TZ/9f | % @
g Tv'IT £T0Z/T2/f0 & \\Mu
wv 20 «N Q
FM. 90°TT £T0Z/Tff9 [ 8. O 0
E 8¥°0T £102/f2/90 o
© 0E'0T LTOZfLT/90 Qﬂ &
@ ZT0T £T0§/T2/90 & p, 0
¥5'60 £ TQf/12/90 umo pu\\,
9£'60 £TPZ/TZ/90 %) .
8160 £f07/T2/90 N\W %
0060 f102/12/90 A
9 e,
\\\\\\\\\\ : % %
9040 £ T0Z/12/90 \n ,v&‘ an\ <
84f0 £T0Z/T2/90 m %Q \V
of £0 £T0Z/T2/90 o) (S QQ
"£0 £TOT/TT/90 0 ,w.h Onw
b5°90 £ T0Z/12/90 ~N & \\V
=——————1/9:90 £T02/T2/90 < )
||||||| 81°90 LT0Z/TZ/90 & Qnu 0
==————F 0090 £T07/T¢/90 o 2
= £ 150 £102/T2/90 Qﬂ %ﬂo
\\\\\\ TS0 £102/12/90 . & N,an 0
\\\\\\\\ 90°50 £T0Z/T2/90 s B
S==——AF— 8v'v0 L102/12/90 1) WQ
el e I G, 0
—— =— 10 £102/12/90 . W\N
S=——3F—= 150 £102/T2/90 & e
ES=——=—— 9650 £T07/T2/90 [N ﬂxb bQ
=—————8— 5150 /102/T7/90 2. 2
00°€0 £10Z/T2/90 & \MV\
<l 100
LN %,
& 2
%, %
988888gsgre° ﬂxo 0
$3333883 2
T MmN N A &
9€°00 £TOZ/TZ/90 0

8T°00 £T0Z/TZ/90
00'00 £T0Z/TZ/90

4000
3500
3000
2500
2000
1500
1000
500
0

17

Data Dropouts



=l

Data Error Count

PMU to PDC communication errors as seen on the output of the PDC
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Questions?

Dan Brancaccio, Sr. Principal Consultant, BRIDGE Energy Group
Dbrancaccio@BridgeEnergyGroup.com
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