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“Big Picture” Objective

Power grid related data
(PMUs, State
Estimators, Load, etc)

Analytical Tool that provides:

* Real time analytics, monitoring the state of the grid

* Capability to look at historical trends and events

* Reliable predictions about the forthcoming state of
the grid
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Project Objectives

* Investigate power grid data

— Eastern Interconnect (El) Project
e 3 different “chunks” of PMU data (down-sampled to 1 sec)

— BPA Project
e 2+ years of PMU data (60 samples per second)

* ldentify atypical events and characterize typical
patterns.

* Frequently meet with El TAG (Technical Advisory
Group) and BPA domain experts to review results
and iterate the methodology.
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Major Accomplishments during the Past Year
DISAT (BPA PMU data analyses)

* |Installed at BPA a near-real time tool that currently
reads and stores data from 54 PMUs (60 Hz)
— Performs data quality on new data
— Classifies new data into pre-determined groups
— ~30 seconds to process 1 minute of data

* Installed at BPA a baselining tool which updates the
mathematical baseline from previous data

* |nstalled at BPA the DISAT viewer which allows the
user to apply the most recent baseline and view
anomaly results.
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Major Accomplishments during the Past Year
Eastern Interconnect Baselining

* Met quarterly with El TAG (Eastern Interconnect Technical
Advisory Group) to discuss baselining methodology and
results.

* Found atypicalities across PMU data from the El for 3
different time periods.

* Used statistical clustering to determine possible phase angle
pairs to add to baselining activities.

* Helped organize and spoke at a panel discussion on Big Data
Analytics at the Fall 2014 NASPI meeting.

* Worked with the NASPI Engineering Applications Task Team
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Major Accomplishments to be Completed for FY15

* Continue reviewing and iterating analyses with the El
TAG.

* Compare events found from DISAT to WECC events.

* Avyear end report is being written from FY2014 and
FY2015 activities.

* Produce a journal article on data quality.

* Continue participation with the NASPI Engineering
Applications Task Team (including the NASPI meeting
in October).
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Deliverables and Schedule

Milestone / Deliverable Target Date

1
2

FY?2014 EIl Baselining and Analysis Technical Report

Draft EI Baselining & Analysis Report to
participating ISOs containing PMU based results

Draft Report of the WECC Event and DISAT
Comparison

FY2015 EI Baselining and Analysis Technical Report
Final WECC Event and DISAT Comparison

Draft data quality article submitted to a peer reviewed
journal

7/131/2015
2/28/2016

3/31/2016

4/30/2016
4/30/2016
5/31/2016

ConsorTium For ELECTRIC RELIABILITY TECHNOLOGY SOLUTIONS



Risk Factors Affecting Timely Completion of Planned
Activities and Movement Through the R&D Cycle

* Obtaining additional data from the Eastern
Interconnect that might help support further
understanding into atypical events.

* PMU data are sampled at 1 per second, meaning
events that occur within a second will not be
discovered.

* Determining a “good” journal to submit data
qguality paper to.
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Possible Follow-on Work to be Considered in FY16

* Use the findings from the DISAT and WECC event
comparison to build classifiers to attach possible
categories to atypical events.

e Study mathematical correlations using PMU and
other data sources to look for pre-cursors to
events.

* Model atypical events in order to build predictive
capabilities into the system.
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Baselining Analysis

* Read and store PMU data « Apply a data quality filter and

calculate signatures (features)
for analysis

e —_ State Estimator Data
' i 1Yr=5GB

PMU Data e ——
1 Yr (45 PMUs) =3 TB
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DISAT Viewer — Atypicality Exploration
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DISAT Viewer — Performance Envelopes
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DISAT Viewer — Raw Data Viewer
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Clustering Phase Angles
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If other angles are needed for analyses




Phase Angle Pair Clustering

ﬁ_H euueH-sbuipoos)

sepesljed-sbuipoos

_l 80JUO\-sBuIpoo”5)

uNq|y-Alis Jsuosyoe

11INq|y-Jajusguojue

odewey-eiebeiN

Jajua)uUOIUB)-80JUOIN|
4suosyoer-puejagqung
l6anS-uney

puelleguwn)-aipegeT

BUUBH-8IpEgET]

Aing|N-odewey
odewey-sing|y

90JUO|\-sepesi|ed

sBuIpooD-Ueipedly >

BUUBH-80JUOI\

BUUBH-JajUSUOIUR)

S0JUO|N-BJEbRIN

— LeanS-odewey

 Ainqin-uelpeosy

L odewey-ueipeoly

ﬁ_H mccm_._-m@c_vooo.

sepesijed-sbuipoos

_! 90Juo\-sbuipoos)

nq|y-Alie n_mcomxomm >

AinqiN-uelpeosy
‘|_H odewey-ueipeoly

_| AinqjiiN-uney
BUUBH-80JUON
BUUBH-JBJUS)UOIUED)

90Juo\-elebelN

< SBuipoon-ueipEo

90JUO|\-sapesi|ed

puellagwn)-aipeqe
Ainq|IN-odewey

odewey-siunqg|y
\_H eUUBH-8IpEgET]
i L6ANS-uney

odewey-eliebelN

— Jajua)uoljue)-a0JUoN

ILINQ|y-I8)ueQUOUET )

L Jsuosyoer-pueiaquing

— |eans-odewey

— Ainq|in-uney
[ I | | [

008  00F 0

<

i

o

~N

| 9

7]

wd

.m

008 00F O
| -
Q
=
wn
v OV >
£ O E
gn_Mb
O O
< N._m,S
= > 8 §
(o] HCS
= c = 5
© o O 8
(g o = ©
g3
= n c
O > ©




16

Conclusions

* Interactions with domain experts has been most
helpful in iterating the methodology.

* DISAT has been installed at BPA and atypical events
are being determined. Comparisons to WECC events
and other event logs can be helpful in understanding
the usefulness of DISAT.

* Additional R&D is necessary to continue maturing
this technology to help in ways of prediction and
event classification.
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