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BPA Business Challenge

Leverage new Phasor Measurement Units (PMUs) deployment
to provide wide-area situational awareness for grid stability.

Harden and build out the PI Data Historian beyond SCADA

Create a reusable infrastructure for analysis and alarming

OSlsoft. USERS CONFERENCE 2013 ® @OSIsoftUC | #UC2013 © Copyright 2013 OSlsoft, LLC.
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Technical Challenges

PMUs are new devices

* newer interface protocol
» Expect 1.0 behavior

Fast data means:

* Network constraints
« Computer processing and storage constraints

Emerging science on new data set

« Calculations will change/evolve

OSlsoft. USERS CONFERENCE 2013 ® @OSIsoftUC | #UC2013 © Copyright 2013 OSlsoft, LLC.
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BPA Goals for Situational Awareness (SA)
Applications

« Create a reusable
architecture, that
allow new SA
applications
(calculations) to be
easily implemented

=
5
|_
qV)
-
qV)
C
®)
=
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SA Applications Developed

* Low Frequency (e.g. 0.25 Hz) Oscillation Detection of devices on
Power Grid*

~\

J

N\

 Detection of Poor Inner Area Oscillation Dampening (Mode Meter)*

J

~

» Excessive Phase Angle Alarm *
J

~\

» Power System Island Detection*

7
;

OSlsoft. USERS CONFERENCE 2013

* WECC/MontanaTech * BPA Developed
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Oscﬂlatlon Detection (ODM)

SYNCHROPHASOR OSCILLATION DETECTION SUMMARY EwEg 2:49:07 PM

ALARM TRENDS

3 5 9 11 A3 ¢ InAlarm

InAlarm

Monroe

= Normal

Central o Normal

il il

Rock
Creek

m—~ M

CLICK ON A PMU -1 -9 5 -3 H

TO VIEW DETAILS - 12:00:00 AM 10.00 minutes mammes 12:10:00 AM
o ODM ALARM: MONROE

o ODM ALARM: PAUL

- ODM ALARM: ROCK CREEK
= ODM ALARM: CENTRAL FERRY
o ODM ALARM: CAPTAIN JACK
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ODM Detail-Inputs

OSCILLATION DETECTION:

01-15 15410

TN MEASUREMENTS

[548.50 -485.00
548.00

\‘ |
1' “ H wJ“

h N"

}Hw

-520.00
12:00:00 AM

B500/wKV o 500KV 1 MW

‘ | il ! ‘f"{ ‘j‘ ”H"“ }
m ) 'M' ”‘w ww WW
it

|

w el 2:49:57 PM

RETURN TO ODM OVERVIEW I

| '}M‘W' ,\u
k H
I

|

. \
“ M‘ H “‘H‘ .'HVHI“"

\| J WL

|
l”g fﬂ ‘ \\i H ‘

B, 2, 10.00 minutes «f I > 12:10:00 AM




ODM Detail-Outputs

OSCILLATION DETECTION:

VMAG

N 2:30:00 AM
& ODM: MONROE B500 VMAG - BAND 1 ALARM o ODM: MONROE B500

ALARM SUMMARY

mem W 1 8:42:48 AM

RETURN TO ODM OVERVIEW

JJMUJ_.J#M

5 3
2:30:00 AM
* ODM ALARM: B500

%, 30.00 minutes #f w
VMAG - BAND 2 ALARM + ODM B500

i LT LU
i |
| |
| |

%, 30.00 minutes

MAG o ODM ALARM: L500 Mw

VMAG - BAND 3 ALARM < ODM

3:00:00 AM

B500 VMAG ENERGY

5448 1.000 1.000 1.000 1.000

|543.4 0.000 0.000 0.000 0.000

2:30:00 AM
. B500 N KV
o ODM B500 VMAG - BAND 1 RMS ENERGY
+ ODM B500 VMAG - BAND 2 RMS ENERGY
< ODM B500 VMAG - BAND 3 RMS ENERGY
= ODM B500 VMAG - BAND 4 RMS ENERGY

% 30.00 minutes +

©544 454

h 0 337

I
JIH

i
U“‘ 0K321

u0.076
KV

; | \‘i

3:00:00 AM

CLOSE ENERGY TRENDS




Mode Meter (MMM)

SYNCHROPHASOR: MODE METER SUMMARY BE 6 2:51:28 PM

Montana/NW MODE
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Angle Alarm AnaIyS|s (AAM)

SYNCHROPHASOR: ANGLE ALARM SUMMARY W 2:51:43 PM

ANGLE ALARM TRENDS

. Northern
Intertie NO DATA YET 3 1 1B © Normal

30.88 Deg FOR THESE PATHS

Upper
Columbia

J seattle

4 Normal

Montana

"9 7
241:41PM  10.00 minutes 2:51:41 P
® ANGLE ALARM: NORTH INTERTIE-SEATTLE

Columbia

' Lower i 4 ANGLE ALARM: UPPER-LOWER COLUMBIA

WIDE AREA ANGLE TRENDS

4030
B e e e e
34.40

+37.68
240 degrees
24.40
19.40

14.40

CLICK ON A PATH

SO TO VIEW DETAILS : 2:41:41 PM 10.00 minutes 2:51:41 PM
® Int(-ertie

+ Angle Diff: Montana-Portland
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Angle Alarm - Region

ANGLE ALARM: SEATTLE-PORTLAND PATH sl 2:51:58 PM

SEATTLE-PORTLAND PATH

% 30.00 minutes I+ 2:51:56 PM
o Angle Diff:

12



Power Islanding Detectlon (IDM)

synciropHasor [l SYNCHROPHASOR: ISLAND DETECTION SUMMARY 2:50:23 PM

MENU

CONNECTED SERVER: > CUSTER

SWITCH SERVER |

MONROE

CENTRAL

i FERRY S GARRISON

: ALLSTON e -
. BONNEVILLE \QQ%UMENTAL

TROUTDAL7 ROCK CRK )

\ } — Mcnary
e d 2

KEELER

SLATT

BIG JOHN
PEARL EDDY DAY

OSTRANDER

MARION
GRIZZLY

SUMMER LAKE

CAPT JACK
MALIN
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Pl System Architecture

i 2 month data retention

SA Pl Server

C37.118
SA Apps Server

OSlsoft. USERS CONFERENCE 2013 ® @OSIsoftUC | #UC2013 © Copyright 2013 OSlsoft, LLC. 141
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SA Pl Server Details

« 24 Core Windows server, 32G physical memory
« 1 GB Archive fills every hour

« 2 months of online data for Situational
Awareness (SA) Pl (2TB Storage)

OSlsoft. USERS CONFERENCE 2013 ® @OSIsoftuC | #UC2013
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Historian Pl Details

« 24 Core Windows server, 32G physical memory
* 1 year of high resolution (60 sps) data online
All event data online

All low-speed data (outputs from calculations
every 5 to 10 seconds) online

® @OSIsoftuC | #UC2013

OSlsoft. USERS CONFERENCE 2013

4

Isoft, LLC. 13



SA Application servers

o 2 servers
— 24 Core Server
— 64 GB Physical Memory
— Windows 2008 R2

17



Current Event Rates

From WISP PMUs stream 1 2,336,544
From WISP PMUs stream 2 2,590,145
From WISP PMUs stream 3 1,071,036
From WISP PMUs stream 4 809,655
From WISP Partner PMU steams 32,357

Current Event Rate: 113,966 Events/second

~

© Copyright 2013 OSlsoft, LLC. (i Ks]
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SA Apps Architecture

SA Pl Server

Client-Side
Data Queue
Of Real PMU
measurements

>

OSlsoft. USERS CONFERENCE 2013

AF-Server
(configuration)

SA

P| Server Corp PI Server

Output values

L lculati
oaded Calculation Output Alarm triggers

:

© Copyright 2013 OSlsoft, LLC. (e K®]
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Re-Assembling IEEE C37.118 (PMU
Communications Protocol)

* Analyses require time aligned data
Client-Side Queue

3
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Windows Services

» Each calculation runs as its own service (similar
to ACE)

File Action View Help

N EEEEN =R

‘. Services (Local) £} Services (Local)

Application Experience Name | Description
a | *5):BPA AAM Service Performs the Angle Alarm Calculations.
Stop the service :5:BPA IDM Service Performs the Island Detection Calculations.
Restart the service 3. BPA MMM Servi :
S ervice Performs the Mode Meter Calculations.
:5:BPA ODM Service Performs the Oscillation Detection Calculations.
Description: _ v | :5.BPA PI SCADA Alarm Sends PI Alarms to SCADA

\ Extended ,(-Standard / :
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AF Database

Pl Data References

Meta Data for PMUs.

Calculation Definition

OSlsoft. USERS CONFERENCE 2013

\BPA-PI-SYRO1"'FromSite-April-4-2013 - PI System Explorer
File Edit VYiew Go Tools Help
7 Database [F]QueryDate ~ @& | (DBack 0 |H, checkin ¥ v

Refresh | (3 New Element ~ =1 New Attribute | |

Elements
Applications
- (3 Referenced Elements

(5
& WOALLSTON___01.B500NORTH___1vP
J Alvey

Captain Jack

Central Ferry

J Echolake

Keeler

Marion

J Monroe

North Bonneville

Paul

J Pearl

Rock Creek

Slatt

J Summer Lake

& Troutdale

& Watoma

2 Event Frames

|ﬁ Library

Im Unit of Measure

"General | Child Elements Attibutes | Pors | Version |

Groupby: V¥ Category [ Template

[ Firer

[# ¢ @ Name & Yalue

Allston Modified:4/2/2013 2:14:22 PM. Yersion: 1/1/1970 12:00:00 AM, Revision 1

U D)




AF Database — Calculation Definition

2%\ BPA-PI-SYRO1"FromSite-April-4-2013 - PI System Explorer
File Edit View Go Tools Help
7% Database [ QueryDate ~ @& |(DBack ) |H, checkIn ¥ « [2]Refresh | (T NewElement ~ | New Attribute P
5 Elements " General | Child Elements Attibutes | Ports | Version |
& @ Applications Group by: ¥ Category |
[ ﬂ Angle Alarm | —
- ( Portland o :
- Seattle |I ¢ @ Name 2 Value
[ (@ Seattle-Portland
f -~ (3 Island Detection B (2 Category: <None>
! B =] AFParameterCategory LiveConfig
i - Cptam Jack B =] AngleJumpThreshold 0
- (7 Rock Creek 8| =] CalculationDLL Gov.Bpa.Synchrophasors. Applications. ODMInterface. dl
- (J Referenced Elements
B Sites 8 =] CalculationWrapper Gov.Bpa.Synchrophasors.Applications. 0DMInterface. ODM\wrapper
B =] |nputSignalsTolgnore EIJ
B =] LiveUpdateCheck 5s
B =] MaxPIDatalueuelength | 3500 s
B =] PlinputCategory Plinput
® =] PlOutputCategory ODMOutput
8| =] RunTime True

B =@ Category: CalculationSchedule
& 8 [£] CalculationFrequency Ss
B [ Category: IncomingBuffer

# 8 =] BufferSize 10s
# 8 [=] PeriodSize 5s
B [2] Category: ODMOutput
0 8 ¢ HeartBeat The requested server was not found in the known servers table. Un:

OS|SOft. U S E R S C O N F E R E N C E B [ Category: OperationParameters

B =] InputBlockSize 5




Re-Assembly Rules

 Per block time: count of events must match rule

Data Rate * Block Time
60 events * 5 seconds

* Any block not matching the rule is counted as
bad.

~

© Copyright 2013 OSlsoft, LLC. [¥il
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BPA Synchrophasor SA Deployment

Production
Evaluation
April 2013

Production

Development

2012-2013

Sept 2013

4
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Kudos and Cautions!

Pl Server 2012 is
rock solid!

PI-SDK... Watch
threading!

3
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SA Wrapper Requirements

 |Data — sends and retrieves data from the
calculation

* |Log — enables logging out of the calculation

OSlsoft. USERS CONFERENCE 2013 ® @OSIsoftuC | #UC2013
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Looking Ahead: PMU Deployment Goals

Currently deployed PMUs -- 82 (42 stations)

Target deployment 2014 — 104

Partner data integration — 41

® @OSIsoftUC | #UC2013
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Looking Ahead: Analysis

Increase geographic
data models Add Analyses

e + CA » Geospatial
+ Montana Frequency Analysis
+ Alberta » Generation
+ Nevada Insertion Efficiency

OSlsoft. USERS CONFERENCE 2013 ® @OSIsoftUC | #UC2013
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BPA Situational Awareness

Advanced Real-Time Situational Awareness
using Synchrophasor data. BONNEVILLE

POWER ADMINISTRATION

W
Montana
\
37.68 Deg [ _ ‘L
s —~—— e
y L e
N i
) LY
| { ~ “ 7
| @ Yt g Lower / Y,
{ Sotumbia / {
{ = S
| 3 Deg
Do “~~
H
i }
B CLICK ON A PATH
| caoR TO VIEW DETAILS
| ® e
¥ T e

Business Challenge Solution Results and Benefits

! : Online displays show abnormal system
Pl AF based analysis plugin behavior.
architecture
Replay of real event data shows event

: identification, ready and waiting!
Pl Server 2012 using PI-AF

2012 data access Potential of early warning for system
instability

Turn Real-Time PMU data into Operator

Awareness

Leverage latest in high speed Phasor
Measurement Analysis

Prepare for future calculations

OSlsoft. USERS CONFERENCE 2013 ® @OSIsoftUC | #UC2013 © Copyright 2013 OSlsoft, LLC.



Forum Developing!

BPA working with Casne and MontanaTech to
maintain analysis and solution code.

Expand functions, unify event definitions

Share data, ideas, test cases

Contact Jeff.Hopper@casne.com

3
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Kiff Hopson

cbhobson@bpa.gov
SA Pl System Admin

Bonneville Power
Administration

OSlsoft. USERS CONFERENCE 2013

Jeff Hopper

Jeff.hopper@Casne.com
R&D Manager
Casne Engineering, Inc.
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