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Overall project objective

* Develop and advance applications of phasor measurement
units (PMUs) and synchrophasor data for power system
planning, modeling, and analysis.

* Create building blocks and solutions for future and third-
party applications.

* Address oscillation analysis, frequency response, model
validation and calibration, load modeling, and other
important power-grid-related issues.

* Enable adoption of PMU technology by a wider range of
electrical utilities.
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Applications built on the open
source platform

Frequency Response Analysis Tool (FRAT 2.0 Power Plant Model Validation Tool (PPMV 2.0)
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Open Source Framework

e Based on Open Source

Data Sources

e Building blocks for
future and 3 party

Bad data

Time-series aligning
Event detection
Oscillation Detection

Components: Applications [
— Extended WPF é Oscillation | _ -
Toolkit™ % 3
- OXy P I Ot Common Data Structure E ‘E;
- - -

applications.

e Common data structure Adv;ced
and data exchange Visualization
protocols.

e Support external
modules/solvers:

— Oscillation Analysis
— Model Calibration ,//——;\\\,\,,/
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Data readers

JSIS CSV reader DLL Base Classes DLL

° ree—_e—mm__—_——————— 1

 Available: | :

| |

— Pl database ) :

| |

reader ! |

| |

— JSIS CSV reader i :

|

— PDAT reader | |

| |

— COMTRADE L !

reader | i

* Under PDAT reader DLL COMTRADE reader DLL
? INotifyPropertyChangecll
development: ror -

— Event detection —
— Data validation T =
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PDAT reader

e Read information from PDAT
fi | e S ° ) Load PDAT data by selecting preset

— PDAT format developed by BPA. | X
— Based on |EEE Std. C37.118.2-2011. @ coeneeeommummimmim maf e eie

Time Span
— Binary files. = =~

PDAT Files and Config Info

W PDAT Reader - B

H H H filename idcode s0C fracSec timeBase numPMUs dataRate dataFrameSize
- Ea C h fl Ie CO nta I ns 1 m I n Ute Of d ata . 'WISPDitt_20151017_123000 1 1430766082 189545 1000000 55 60 8536

WISPDitt_20151017_123100 1 1430766082 189545 1000000 55 60 8536

— PNNL receives PMU data stream [ e
from Bonneville Power R i

L. . BSOONORTH___1VP.MAG

BS0ONORTH___1VP.ANG
Ad mlnlstratlon. | [Z] BSOONORTH___1VAMAG
| [ BSOONORTH___1VAANG
BSOONORTH___TVB.MAG

Y U f 1 dly GU [] BS0ONORTH WB:ANG
seririen . | Comamron

B500SOUTH___1VP.MAG

 Export data to CSV and |

Signals

I PDAT Name Qutput Name Type Unit  Time Shift (s}  Scale Offset Description
CO IVI T RA D E . || KEEL230 A2 SAB230EAST___1VPMAG  |KEEL 230.8230EAST.M | vem ] Lo [ B oH
WAUT 500 A1 SAFREQUENCY |WAUT 500F | F [« mz_1 [ o 1 | o [pmuphstfq |
° C O n fi u r a b | e r e S et S . WAUIT 500 A1 SA.B500EAST___1VAANG |WAUT 500.B500EASTA | vea B DEG [ o =
g p . ALSN 500 A1 SAFREQUENCY [ALSN 500 A1 SAFREQUENCY | F ] = | o] [pmufrg |

.
— PMU/signal names

— Time shift

Log
| 2 PDAT files were imported.

Scale /,E:\\‘///

Offset ' =
~7 GR
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OSlsoft Pl database

New version includes multiple
improvements.

Pl Database Reader

Read information from OSlsoft Pl | e

database server.
Time series alignment.
Configurable presets:
— Pl tag
— Time shift
— Scale
— Offset

]
|| Read From Pl
Server Tag Type TimeShift () Scale  Offset Name Unit  Plot ~ | PiTags Presets
S | Eioc-pipnigov  DemoBABusiCurrentang Currentan | o 1= o] [ DEG Preset
g Eioc-pipnlgov  DemoBABusiCurrentMae CurrentMe | o= o [i1ang Amps
| Eioc-pipnlgov DemoBABustValtAng  VoltageAn |v o] o w» DEG
Eioc-pipnlgov  DemoBABusiVoltMag — VoltageM: |© o= 1B 0] [Viang [
EIOC-Plonloov DemoBAFreauency Freauency | oFH 1 o [F Hz )
Name Math Type Time Shifts) Scale | Offset  Unt  Plot | 9™ Signal components
ActPower(P) P v | ActPower © 0¥ 1 [ o [Mw Name Tag
| ReactivePower(Q)| Q v | ReactivePower | ¥ ok 15 oF [Mvar [X] | vmag DemoBABustVoltMag N
AlPower UM [*] ActPower 5 o= Vang  DemoBABusTVoltAng v
Imag DemoBABusiCurrentMag |
lang  DemoBA:BusCurrentAng |¥

From:; m/az/zmsm:no:m@ﬂ To: Dvﬂzjzmswus:maﬂ Resolution D.WE sec.

Error Log

Support simple math operations:

— Sum of several signals.
— P and Q calculation.
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TimeStamp Time D 1CurrentAng D 1CurrentMag D v | SubPlots

01/2/2015 10:00:00.000] 0,000 | 58.820 1100.000 43080 ~ Frequency (V] Active Power [ ] Voltage [] Reactive Power [] Current

01/2/2015 10:00:00.100{0.100 | 58.829 1160.000 43994 -
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Oscillation Baselining and Analysis Tool

Standalone Windows application. %

BDNBMIT arrorssrno (@

Oscillation Baselining and Analysis Tool (OBAT) = &

Released under an open source ] ol e .
i )EH Sub Plots Preview Presets -
E " = ontana(f=0.82 D=10.68)
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3
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. . —- GCLs00 ] PALO® (0Mo
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~ | | Select Signaks..| == BCH_MCAS00 5&2’ MIDPOINT
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. . . AESO_GENESSES00.F i i i 0 ‘@0 p—y:
enstreeth
analytical modules for oscillation e spiceos o g @ Amansasaaae
BCH CBKS00F ime 130 125 120 A1
. . BCH GMSS00.F s Longitude
analysis through COM interface
y . BCH_MCASO0F Modes ¥ B X |Shapesf) X
N % Name Frequency Damping Energy
Montana(f=0.82 D=10.68)
. Shape Signals 1 033 10939 1000 ( )
Ihree analytical methods have been ﬂ ¢ e e o e
Signals for baselining B L5240, 0
. Shape Plot settings
implemented:
R col 2651400 [] Show Legend
Montana-Norihwest | 778.000
. . BC-Aberta 0462 * Signal Type Amplitude  Angle  Display
3 ADELANTOS00F F 014578 4298658
VARPRO (provided by Bernie i ||} a1 g
. RunAnalysis || | 3 AESO_SUNDANCEZ40F F 018673 -152.5547:
LeS|eutre - 5 3 BCH_CBKS0OF F 044503 -57.90805
3 BCH.GMSS00F Fo0sisle 5441438
MATLAB ¥ || 3 scHNG0oF Foo019053 7232819
Matiab version 660267246 (R2015b) detected! 3 BCHMCASOOF FoOs018  T4TER
- rony 3 BCH_REVS0OF F 057527 -8660023
3 BOH SELSOOF Fo04B207 1435648 o
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Matrix pencil s

Connectivity to different data
sources.

Database of events.
Event baselining.

Advanced visualization. \ry/ \N=
GR
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OBAT Conceptual Design

Proposed Baselining Application Ring dofm 'f]"alyS]S
——————————————————————————————————————————— applications

: Application Database :
i ' PNNL
' Events Bt :
' ven Common Data
PMU : database Analysis Exchange : Montana Tech
| e |
measurements | S el Protocol Lp
' University of
I XML I
Pl [ I Wisconsin-Madison
1 I
Py | A |
N | '
[ I
1 1
e i Data :
Csv
: Reader :
| Baselining Application I
MATLAB : (analytical engine) I Common Data
: : Exchange Protocol
| I
1 1
I l l I
1 I
| h . 1
1 I
' {\dvsfnozid Statistics Reports 1
: visualization :
S S S S e g R R e T R e, I
=\
| W=
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OBAT - visualization

Event plot

Map

XML based configuration

Plots MRS x
a - R _u f
preview Preset " v e pvene™>
Frequency [ ] Active Power | | Reactive Power [ | Voltage [ | Current | AnalysisSignals E‘ @ <Tend>45</Tend>
- Montana(f: 0.82 D=1 0.68) <InputFile>Event2.csv</InputFile>
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= ‘
= [} "y - <Signals>
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i - 8 !
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BCHREV500 Y R U P Y S S S S | E PALL </Signal>
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<Angle>67.69662</Angle>
Plots | FFT | Baseline 1 rilkzly . </signal>
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Baseline ~ g Signal>
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Frequency Response Analysis Tool

 Developed under NERC and BPA
guidance.

* Frequency response monitoring:

25 Frequency Response Tool
TS X _ # Interconnection/BA Mode - o
| n t e r C O n n e Ct I O n Events DataBase 3 [Event Characteristics ~ 8| EventPlot -
Event Name Date  Time (UTQ) Disturbance FAMNERC FRM | (<) Event Description NG
145100 Name Event 1 . — CoLS500
¥ = god A -
. . event2 09/27/10[ 145101 [2000 1612903 |0 Gri 10727200[~] Time. | PT 075105 - S e e
° Event3 07/03/13[11:0000_|2100 1680 0 g
a a n CI n g u O rl y Event4 05/06/07|0:00:00 | 2000 1242236 |0 Day Thursday g B
EEni LoEeug|sieen 200 1304348 |0  Qualifying Comments |3 phase fault at base XXX £ - =
593
Event 7 05/10/12|10:2500 | 1604 1865116 | 409, ® Lo ! T T T T T
-_ P OWe r P | a n t Event 8 01/15/13[150000 | 1050 7640625 [s0a] | (2 Time/Frequency 60 & ‘TIU:E . 120 140 160
Eventd  |03/02714[000:00  [1500 1304348 _[5314 | (=) NERC Performance .

Event 10 07/02/148:00:00 [ 1600 1391304 [619.
Event 12 07/10/09[16:26:12__ [ 1300 1140351 [363

. z — HPP
(] Event 11 03/05/13 220000 _|444 0375|305 ||FANERC |98 PA Interchan |0 =
a C u a e S u S I n g Event 13 01/22/10{15:31:00 | 2100 3088235 |274. FB NERC 59.854 PB Interchan 0 g
5
Event 14 08/23/14[15:2200 | 1400 21875 [3123 |opgre 50773 remea [0 & A
Event 15 12/20/14] 140400 _|800 869565 [ 173 H -
Ti73¢ |FC NERC NaN PA Generatic 0 25504

and SCADA measurements e e e NI A
according to BAL-003 standard.

Balancing Authority 600

o FRGenBA |0
20120302- 1600000 678 082609 |0 S e [KHRED en Time, s
v/ BAL-003S  BAL-003 F v

Interconnection Baseline Plat. ~

© Interconnection Baseline Plot (O] Interconnection Statistics
* Compliance reporting. oo —
* Baselining frequency response for é O G
interconnection and BA. g — e 5 |
Supporting different data formats B— - B Lo

> || | Interconnection Baseline Plot | BA Baseline Plot

(csv, xml, OSlsoft PI, COMTRADE).
Statistical Analysis.
Advanced visualization. =
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FRAT 2.2

 LBNL prepared a review of international practices for
managing frequency response.

Multiple improvements and modifications based on
NERC guidance.

* New visualization capabilities:
— Animated heat map
— Path flows

* New reporting capabilities based on NERC feedback.

1 g 1 2 3 4 s & 7 .
Sample of the FR analysis report
i LT2007 10:06:35 AN Event 1
Intercormaction Name: Dmlm:;ﬂm:m R A 'J Rm‘

Te: 02172017

{Local)
Eveml  [102014 [5:0000  [0L0872014
[21:00:00

Evemt2  WI272014 [1310:00  [M4222014
|06:10:00

beamap_de [11202013 [00:00:00 1171972013
16

Animated video created using FRAT
(I1lustrative example, synthetic data).
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Power Plant Model Validation Tool

« Supports GE PSLF and L G

Siemens/PTI PSS®E Play-In ~ ™7x, @r«nSe,

[Projects [Plants] Events] Piots TR
function for generator model e [ © o
validation. =
 Maintains the database of —— L m—— ‘ , ,
model validation studies e e : : . - ”
(projects). <
« Maintains the database of the ]
historic events. ; i 1; gu
 Maintains the database of the — rntemans
power plants. S I e ; :';:M:s.i'giini e
+ Advanced visualization i e I W - :
capabilities. SRR I
« Automatically generates
reports.

« Performs sensitivity analysis

« Supports interface to external
model calibration modules. —
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PPMV Tool Conceptual Design

PPMYV application
__________________________________________ |
Data Layer
PMU measurements/ Bs Power PMU/ Validation
Data Sources database Plants SCADA database

Database mapping

PI Database

Commercial

Solvers

EPCL scripts

Python ript:

Common Data
Exchange Protocol

External Modules =N\
. Calbraion A,
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New features in PPMV 2.2

Sensitivity Analysis

Comparison PSLF and PSS®E model validation results

& DYD Sensitivity Analysis = B
Plots > 1
Sensitivities of reactive power @ 60
5 ]
. ]
T ]
= g%09 _};lnutid q
S i — = Planti,
: i i
0.60 0.59 [ 4
0.00 0.00 ﬂ 0.00 . . 0.10 0.00 ]
T T T T T
K 2 k2 ks3 t6 twl tw2 tw3 twd 0871
I e B LA A B o e e IR e B B B e e S S B e B B L B o B B e e e e A |
Sensitivities of real power 0 10 20 30 40 50 &0 70 80 S0
Time, s
- ]
5450—_
g‘ ] = Actual
K 1 = PlantA.dyd
w B = PlantA.dyr
F470
2 k1 k2 ks2 k3 th twl tw2 w3 twd E 4
PythonscrlptsforPSS®E 4, e e e
0 10 20 30 40 50 60 70 80 %0
Sy 0 | Time, s
1 FERFRFFRFRRHARARARRHR IR ERR R R R FRH AR F IR AR AR AR RS A
FERFREFRERRRRRRRE i
2 #
3  # DSS/E PMU-Based Model Verification Script 1
4 # 5 b
5 # Authors: Ryan D. Quint, NERC, ryan.gquint@nerc.net ;108— = Actual
€ # Pavel Etingov, PENNL, pavel.etingov@pnnl.gov g — PlantA.dyd
7 # :Z 1 = PlantA.dyr
8 FEEHERRR AR R R R AR AR R AR A R R R R AR R R R R R R A = q
FEREREERERRARRARERE i
S Hdef RunPlayIn(P):
10 print P.Path 1
i import os,sys,csv 108 e T T T T T T T T T T T T T T T T T
12 _PSSBINPATH = 'C:\Program Files (x86)\PTI\PSSE33\PSSBIN'
13 sys.path.append (_PSSBINPATH) 0 10 20 30 0 T 30 60 o &0 %0
14 os.environ['PATH'] = _PSSBINPATH + ';' + os.environl me. =
'PATH'] g
import dyntools, psspy, redirect _ 0
17 _i-psspy.getdefaultint() 2 4
ig _f=psspy.getdefaultreal() 5‘
19 _s—psspy.getdefaultchar () g 1
20 redirect.psse2py(} K q — PlantA.dyd
21 psspy.psseinit (150000) o i = PlantA.dyr
22 AR EA R AR ERRRRERES 2
2 ### Input Data 5-100—
24 Case = P.Path+'/'+P.Plant+'/'+P.Event+'/'+P.Raw+'—'+P. = B
Event+'. ' Y |
25 plbfile = P.Path+'/'+P.Plant+'/'+P.Event+'/'+'AN.plb’ . - - . . . - . . .
26 SCADAfile=P.Path+'/'+P.Plant+'/'+P.Event+'/'+ scada'+ -
cific North 0 0o L L L
27 dyrfile = P.Path+'/'+P.Plant+'/'+P.DYR+'.dyr' NATIONAL LAE ad
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Load Model Data Tool

* Fully redesigned
GUL. . _omm

;JCMLQ }
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Composite Load Model Validation

 LBNL collected micro PMU data for multiple
events.

Vv P,
—
* PNNL set up a simple two-bus system to E@ | | Cmpldw
compare simulated PQ of composite load f | I

model and measured PQ in response to Z=0.0001 +0.001j pu
played-in voltage and frequency. SIM2016-01-24 21-18-10.csv

1.001 f (pu) 0.994 V(pu)

 Developed EPCL code to run play-in events in
batch mode. V M\/WL

0.988

— Pre-process original play-in event data file. ooss

0.986
-20

P (MW)

— Extract initial bus voltage and load PQ 084
measurements from play-in data file. °% L |

0.01

Measured
Simulated

0

-0.01

0.82
-0.02

— Adjust and re-solve power flow raw file.

0.81
-2

-0.03

20 40 60
0 40 60 -20 0 20 40 60

2

— Run dynamic simulations with played-in

' : Climate Zone: DSW
voltages and frequencies at the load terminal. HMAte £ONC

Season: Winter day
Hour =21 =
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NWN=
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Major accomplishments

* Industry-grade, open-source power system analytical
tools and software modules have been developed.

Power Plant Model Validation Tool (new version)
Frequency Response Analysis Tool (new version)
Oscillation Baselining and Analysis Tool

Load model data tool (new version)

Date readers (JSIS CSV, COMTRADE, PDAT, OSlsoft PI)

Outcomes of the project were leveraged by the BPA Tl
projects(e.g., Archive walker application).

* All tools are based on the common open platform and
data formats.

* Developed tools have been used by many organizations
and electrical utilities including: NERC, WECC, BPA, _

PG&E, SCE, SPP, BC Hy%—PacifiCorp, CAISO, SRE:
and many more.
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Deliverables

Significant Milestones

Prototype of the Oscillation Analysis and 12/15/2016
Baselining Tool (OBAT)

PPMYV 2.2 (with Siemens/PTI PSSE support) 3/15/2017

FRAT 2.2 5/1/2017

OBAT version 1.0 released under an open source 5/1/2017
license

LMDT 2.1 5/1/2017

Release the open source framework for PMU 9/30/2017
analysis

g
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Publications/Presentations

« Tools presented at multiple events, including IEEE conferences, NASPI meetings, NERC
and WECC working groups, webinars to electrical utilities.

- Selected list of presentations:

— Etingov P, “PPMV tool presentation” at the NASPI Technical Workshop - Model Verification Tools, 2016,
Seattle

— Diao R,HuangR,Li Y ,Etingov P, Huang Z ,Li X ,Wang S, "Calibration of Stability Model Parameters using
EnKF“, NASPI Work Group Meeting, Seattle, 2016

— Etingov P, Tuffner F, Follum J, O'Brien J, Kosterev D ,Matthews G, Lesieutre B. "Oscillation Baselining and
Analysis Tool“, NASPI Work Group Meeting, Seattle, 2016

— Yang S ,Etingov P., Kosterev D, Leitschuh N, Vanzandt V. "BPA Experience with Synchrophasors: From Wide-
Area Measurements to Wide-Area Control“, panel presentation at IEEE Innovative Smart Grid Technologies
Conference (ISGT 2017), Washington DC, 2017

— Etingov P. “Composite load model parameters generation using LMDT tool”, WECC MVWG workshop on the
load modeling, Portland, 2016

— Etingov P., LiuY., Zhang Y. "Load Model Data Tool Development" , WECC MVWG, Portland, 2017

— Etingov P. “PPMV 2.0 presentation" , WECC MVWG, Portland, 2017

— Etingov P. “Power Plant Model Validation”, WECC JSIS, Portland, 2017

— Jim Follum, Frank Tuffner and Pavel Etingov, “Oscillation analysis and baselining”, WECC JSIS, Portland 2017

— Etingov P. “Oscillation baselining and analysis tool”, NERC SMS, Atlanta, 2016

— Etingov P. “Power Plant Model Validation Tool”, NERC SMS, Atlanta, 2016

— Etingov P. “Update on Oscillation baselining and analysis tool”, NERC SMS, Little Rock, 2017

Etingov P. “Update Power Plant Model Validation Tool”, NERC SMS, Little Rock, 2017 V=i

W=
tingov P. “Update on the PPMV tool developmerg%xc MVWG, Westminster, 2016 Q=
tingov P. “Update on the LMDT tool deveIoPment ECC MVWG, Westminster, 2016 G
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Publications related to the project

* Published one journal paper and two conference papers:

— QuintR. D., Etingov P. V., Zhou D and D. N. Kosterev, "Frequency response analysis using
automated tools and synchronized measurements," 2016 IEEE Power and Energy Society General
Meeting (PESGM), Boston, MA, 2016, pp. 1-5.

— Follum J. and J. W. Pierre, "Detection of Periodic Forced Oscillations in Power Systems," in IEEE
Transactions on Power Systems, vol. 31, no. 3, pp. 2423-2433, May 2016.

— Follum J. and Tuffner F., "A multi-channel method for detecting periodic forced oscillations in power
systems," 2016 IEEE Power and Energy Society General Meeting (PESGM), Boston, MA, 2016, pp.
1-5.

*  Submitted one journal paper and two conference paper:

— LiY, Diao R, Huang R, Etingov P., Li X., Huang Z ,Wang S ,Sanchez-Gasca J ,Thomas B, "An
Innovative Software Tool Suite for Power Plant Model Validation and Parameter Calibration using
PMU Measurements®, 2017 IEEE Power and Energy Society General Meeting (PESGM), Chicago,
IL, 2017 (accepted).

—  Follum J, Tuffner F., "Applications of a new nonparametric estimator of Ambient Power System
Spectra for Measurements Containing Forced Oscillations," 2017 IEEE Power and Energy Society
General Meeting (PESGM), Chicago, IL, 2017, pp. 1-5 (accepted).

— Huang R, Diao R, Li Y, Sanchez-Gasca J, Huang Z , Thomas B, Etingov P., Kincic S, Wang S, Fan
R, Matthews G., Kosterev D.,Yang S., "Calibrating Parameters of Power System Stability Models
using Advanced Ensemble Kalman Filter" IEEE Transaction on Power Systems (submitted).
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On-line Resources

« FRAT i
s PPMV - Trac x

< C ‘ @ Secure | https;//svn.pnlgov/PPMY Q ﬁ‘ 7 ¢ |

https://svn.pnl.gov/FRTool  #tec_

Power Plant Model Validation Tool
The PNNL PPMV tool is a standalone Windows application and it helps to automate the power plant model validation process based on the disturbance
. recordings. The tool supports differant including OSIzoft PI database, BPA PDAT, and CSY formats. The PPV tools stores historical disturbance information in

the events database. The tool also includes the xmlbased database of power plants (mapping povier plants with corresponding PMU and SCADA
measurement signals) and the database of model validation results. To perform the model validation the PPMV tool interacts vith an extema| Play-In module,
The current version of PPMV tool supports GE PSLF and Siemens PTI PSS@E Play-In functions. Interaction between the PPMV application and GE PSLF is performed through EPCL language
scripts and between PPMY tool and PTI PSS@E through Python scripts, The tool also manages the database of historical events and power plants.

Login | Settings | telp/Guide | Mbout Trac

PPMY 2.1 (supports GE PSLF only)

» zip file (Last update 10/05/2016)
h tt p S [] /SV n p n | gov/ P P IVI V PPMY 2.2 (beta version, supports GE PSLF and PTI PSS@E)
+ zip file (Last update 05/01/2017)
[ ] [ ] [ ]

The main features of the PPMV tool include:

* The tool uses GE PSLF and Siemens/PTI PSSEE Play-In functions for generator model validation.
« The tool maintains the databaze of model validation studies (projects).

+ The tool maintains the database of the historic events.

+ The tool maintains the database of the povier plants.

+ The tool has a user friendly graphical user interface (GUI) and advanced visualization capabilities.
[ ] + The tool automatically generates reports.

+ The tool supports connectivity to the OSIsoft PI database.

+ PRMV 2.0 presentation (including step by step instruction on new project creation)

+ NASPI PPMYV Workshop video
& peuiv 20 [=E)e=]
ttps://svn.pn ov/LoadToo e
° ° ° [Projects prants] % (oo =y
e fuent Plants
jects | vents lants. G
ONG2010,event -
Vand010 event | |2010-11-20-0500 2 T e
Plant A test H = PlantB-2013H5-HOR
Y [Panitiest___| i — PlantB-I3HS-USA
Event Dascription 5284
3 Phase Faultat bus o : : . : !

DYD fiels)

| PlantB-2012HS

https://svn.pnl.gov/OBAT e Il

¥ PlantB-2013HS

— PlantB-2013H5- HOR

i
— PlantB-2013HS
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Future plans

Continue enhancement of the
open source tools and developing
new software tools and modules.

Transition from off-line to near-
real time analysis functionality.
Expanding analytical capabilities
based on users feedback.
Industry outreach, working
closely with NERC, WECC, BPA
and other electrical utilities to

promote nationwide
dissemination of the tools.

Project Portfolio and Synergy

DOS
Central
America
Support

Pacific Northwest
NATIONAL LABORATORY
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