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» Accurate and up-to-date models are
needed for reliable and economic grid August 10, 1996
Operatlons and plannlng 4600 - Observed COIl Pow er (Dittmer Control Center)

» WECC required generators to be w0 |-
tested for model validation after 1996 ...![
system outages

4000 -

» WECC established a formal w00 [ Simuited O Pow o (nifal WSGC base case)
Generating Unit Model Validation a0
Policy in 2006: Z,M
B Baseline model development, oo [ T
Periodic model validation o 10w ﬁmismi o w W %
» NERC Reliability Standards MOD-
026,-027:

B Developed from 2007 to 2013
M In effect starting July 1, 2014
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Disturbance-Based Model Validation Pacific Northwest
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Substation

Point of
Interconnection

Record:
- POl bus voltage
- POl bus frequency

PMU needs to be placed at Power Plant POI



Disturbance-Based Model Validation Pacifc Northwest
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MODEL = e

Power Plant
Voltage and Frequency

MWs and MVARs
- .

Controllable
Voltage and
Frequency

- -—— -

Disturbance play-in capabilities are added to GE PSLF in 2001



Disturbance-Based Model Validation P

BPA has PMU disturbance monitoring:
» Conventional —
M 12 plants,
M 130 generators,
M 21,145 MW of generation
» Wind -
M 11 plants
M 1,200 MW of generation
» Review model performance annually



Disturbance-Based Model Validation et
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BPA PPMV
sequence of GE PSF EPCLs and MATLAB programs

PNNL-BPA PPMV

Stand-alone data management program

ldaho Power
Excel macro with Pl data link and PSLF interfaces
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PPMV Tool main features Pacifc Northwest

» The tool automates the process of power plant model
validation using disturbance recordings.

» Interacts with GE PSLF Play-In Function for generator
model validation

» Database of projects (model validation studies)
» Database of the historic events.

» Database of the power plant

» Generating reports

March 24, 2015 7
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PPMV main GUI

List of Projects

uz| DYD 0 /

Events Plants <

2010-11-04-0%46

© PPMV 2.0
™ 7 %

Projects|

Projects

HPP_test 'HPP

MN4_2012HS _test

JohnDay_test
11Apr2010_event

27Sept2010_event

McNary_PH4

List of power
plants

Pacific Northwest
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Event plots

59.9

Frgquency, Hz

NewProject123
MN2_2012HS_test

DYDs

Event Description

= Actual
— MCNPH2-2012HS
= MCNPH2-2013HS-USA

3 Phase Fault at bus yyyy

DYD file(s)

[¥] MCNPH2-2013HS-USA

DYD preview

DYD file: MCNPH2-2012HS | e

a1

# R
# HPP Data from 2012 HS case [ ‘

Active Power, MW

— MCNPH2-201
— MCNPH2-2013HS-USA

E-3

:\odels p reVi

monit 1"WECC " 500.00 "1 ":#9 9999.00

lodrep 1 1
alwscc 1"WECC " 50000"1":#9 0110000000 DY DJ.DLS B

ew

vmeta 1"WECC " 500.00"1":#9 0.00.0

fmeta 1"WECC = 500.00 "1":#9 0.0 0.0 0.050000

#

plnow 11171":290.

gthev  1!!"1":#9.,0001 .001121010

£

imetr 44123 "MCN PH2 " 230.00"1~ 1"WE

z

gentpj 44103 "MCN 03 " 13.80 "03":#9 =73.684 5.3700.029 0.0000

exstl 44103 "MCN 03 " 13.80 "03" : #9 0.012 0.10000 -0.100000 1.00 3.70 —

pss2a 44103 "MCN 03 " 13.80"03":#92.0 0.0 0.0 0.0 100 0.0 00 0.

oell 44103 "MCNO03 " 13.80"03":#9 1.9500 3.7800 -15.0000 0.0 999.!

ieeeg3 44103 "MCN 03 " 13.80 "03" : #9 mwcap=81.20 0.1 0.1 0.133 -0.125

nonini AATOA "MONOA * 12 R0 "0A" . 20 mva—72A84 52700020 0NANNN
»

2300071" 1:2#9"t

| m J

1.04

== MCNPH2-2012H

= MCNPH2-2013HS-USA

Reactive Power, MVar
i
o
1

—Actual
= MCNPH2-2012HS
— MCNPH2-2013HS-USA
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v PPMV - Create new validation task

x’?l',j xu DYD @b
Projects

Project Name NewProJectlZS

Project Type
@ By Event
© By Plant

Select Event

Select Plants/DYDs

Name Description
©) 2010-09-27-1450 3 Phase Fault at bus xox

@ 2010-11-04-0946 3 Phase Fault at bus yyyy

[Fl13ns2

13hs2

(A) PSLF Log files
State Estimation

PPMV_SET_BASE_CASES: Fri Feb 27 13:44:40 2C +

#Run, Directory, Name, YYYY,MM,DD,HHMM,

Powerflow Template File  :HPP\HPP.sav

PMU Data File :HPP\2010-11-04-094¢
SCADA Data File :HPP\2010-11-04-094
Powerflow Disturbance File :HPP\2010-11-04-

Powerflow Template File  :John_Day_PHI\UD s
PMU Data File John_Day_PH1\2010-]
SCADA Data File John_Day_PH1\2010-
Powerflow Disturbance File :John_Day_PHI\2(

Powerflow Template File  :McNary_PH2\MCH
PMU Data File :McNary_PH2\2010-11
SCADA Data File :McNary_PH212010-1
Powerflow Disturbance File :McNary_PH2\201

VIHPP

4 Grand_Coulee_19

a0 Grand_Coulee_20

[¥] JDAPH1-2012HS

4 [¥]McNary_PH2

McNary_PH4

ICNPH2-2013HS-HDR
CNPH2-2013HS-USA
MCNPH2-2013HS

MCNPH4-2012HS

Validation

PPMV_PLAY-IN: Fri Feb 27 13:44:51 2015

#Run, Directory, Name, YYYY,MM,DD,HHMM,

Generator Model Validation Run: 1

Data File: HPP\2010-11-04-0946\pmu-HPP-20:
SAV File: HPP\2010-11-04-0946\HPP-2010-11
DYD File: HPP\HPP.dyd

Plot File: HPP\OO-CHR\HPP-2010-11-04-0946-H

Play-in Run Complete.

Generator Model Validation Run: 2

Data File: John_Day_PH1\2010-11-04-0946\pm
SAV File: John_Day_PH1\2010-11-04-0946\JD/
DYD File: John_Day_PHI1\JDAPH1-2012HS.dyd
Plot File: John_Day_PHI\00-CHR\JDAPH1-2010
Play-in Run Complete.

Generator Model Validation Run: 3

Data File: McNary_PH2\2010-11-04-0946\pmu
SAV File: McNary_PH2\2010-11-04-0946\MCN
DYD File: McNary_PH2\MCNPH2-2012HS.dyd

Extract from chf
Running PLOT initialization file plot/avaini.p

HPP-2010-11-04-0946-HPP
HPP-2010-11-04-0946-HPP.chf

... Done,

Running PLOT initialization file plot/avaini.p
JDAPH1-2010-11-04-0946-JDAPH1-2012HS
JDAPH1-2010-11-04-0946-JDAPH1-2012HS.ch

... Done,

Running PLOT initialization file plot/avaini.p
MCNPH2-2010-11-04-0946-MCNPH2-2012HS
MCNPH2-2010-11-04-0946-MCNPH2-2012HS,

MCNPH2-2010-11-04-0946-MCNPH2-2013HS |
MCNPH2-2010-11-04-0946-MCNPH2-2013HS

-

qa

DYD preview

Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Baffelle Since 1965

DVD file: MCNPH2-201245 e Save as..

#

# HPP Data from 2012 HS case

£

lodrep

alwscce 1"WECC " 50000"1":#9 0110000000
=

models

#

monit 1"WECC " 500.00"1":#9 9999.00

vmeta 1"WECC ~ 500.00"1":#9 0.00.0

fmeta 1"WECC ™ 500.00 "1":#9 0.0 0.0 0.050000
#

plnow  1!!17"1":#90.

gthev  1!1"17:#9.0001 .00112 1010

=

imetr 44123 "MCN PH2 " 230.00"1" 1"WECC ~2300071" 1:#9°t 0.0
=

gentpj 44103 "MCN 03 " 13.80"03":#9 mva=73.684 5.3700.029 0.0000 0.0800 5.400 0.00 0.5391 0.4050
exstl 44103 "MCN 03 " 13.80"03":#9 0.012 0.10000 -0.100000 1.00 3.70 133.000.00 3.7800 0.0400 0.0
pss2a 44103 "MCN 03 " 13.80 "03":#92.0 0.0 0.0 0.0 100 0.0 00 00 00500 00 00 00 00 00
oell 44103 "MCN 03 " 13.80"03":#9 1.9500 3.7800 -15.0000 0.0 999.00 999.00 1.6500 1

ieeeg3 44103 "MCN 03 " 13.80 "03" : #9 mwcap=81.200.1 0.1 0.133 -0.125 1.0000.00 0.065 065 2.0 0.
gentpj 44104 "MCN 04 " 13.80 "04":#9 mva=73.684 5.3700.029 0.0000 0.0800 5.400 0.00 0.5391 0.4050
exstl 44104 "MCN 04 " 13.80 "04":#9 0.012 0.10000 -0.100000 1.00 3.70 133.000.00 3.7800 0.0400 0.0
pss2a 44104 "MCN 04 " 13.80"04":#920 0.0 0.0 0.0 100 0.0 00 00 00500 00 00 00 0.0 00
oell 44104 "MCN 04 " 13.80"04":#9 19500 3.7800-15.0000 0.0 999.00 999.00 1.6500 1

ieeeg3 44104 "MCN 04 ™ 13.80 "04": #9 mwcap=81.200.1 0.1 0.133 -0.125 1.0000.00 0.065 0.65 2.0 0.£
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PPMV — automated reports Bl vest
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© PPV 20 E=r=]
i 7 X, [#@ o o

Projects ¥ |Report v 3 X Ei
@
HPP_test 2010-11-04-094 | .
MNA_2012HS_te PPMV Report Reactive Power Plot

JohnDay_test

D .
275ept2010_eve Project Name: 11Apr2010_event

NewProject123 : . “
MN2_2012HS _t¢ Project type: "By Event’
< [ O [ T »
Event Name: 2010-11-04-0946
Event Description
Plant Name: HPP
3 Phase Fault at bus yyyy
DYD file(s) Frequency Plot
HED i Reactive Power Plot
“ae Plant Name: McNary_PH4
g o
i
e Frequency Plot
: 4
“ i
§
Active Power Plot

Plant Name: McNary_PH2

Frequency Plot

Active Power Plot

Voltage Plot

+

2 (1of3) EER -
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Success Stories — Plant A Pacific Northwest
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BEFORE-2014 AFTER-2015
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BEFORE-2014 AFTER-2015
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» BPA has nearly 4,900 MW of wind generation
Interconnected to Iits transmission system

» BPA prototyped PMU-based wind power plant
validation set-up for multiple wind power plants

» BPA s collaborating with EPRI, UVIG, NREL
research on wind power model validation using
PMU data

» BPA implemented wind models in State Estimator

13
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Pacific Northwest
NATIONAL LABORATORY

Going Beyond the Standards
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Power
700 T T T T
60 - . Unexpected action
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PSS failure from plant controller
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» New version of the PPMV tool is under development
B New advanced GUI
B New advanced functionality

B PPMV project page: https://svn.pnl.gov/IPPMV
B dnkosterev@bpa.gov

B hyang@bpa.gov

M pavel.etingov@pnnl.gov

March 24, 2015 16



