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FERC defines in RM13-11;

“Frequency response is a measure of an Interconnection’s ability to
stabilize frequency immediately following the sudden loss of generation
or load, and is a critical component of the reliable operation of the Bulk-
Power System, particularly during disturbances and recoveries.”

» The frequency response measure (FRM) can be computed from the single
event frequency response data (SEFRD).
» FRM is expressed in MW/0.1Hz
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» Developed under BPA guidance by PNNL
Development is co-funded by US DOE and BPA

» Frequency response monitoring

M Interconnection

® Balancing Authority

¢ Power Plant (Under development)
» Individual Unit (Under development)

Calculation NERC FRM using PMU and SCADA measurements
Compliance reporting
Baselining frequency response for interconnection and BA

Supporting different data formats (csv, xml, OSlsoft PI,
COMTRADE)

Statistical Analysis
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POWER ADMINISTRATION

[™4 Frequency Response Tool
*7xQ, 5@
Events DataBase

Event Name Date Time Disturbance FRM MNERC FRM BA
Event 1 01/10/14|5:00:00 |2000 1562.5 78125
Event 2 04/22/14|13:10:00| 2000 2857.143 | 265497
Event 3 11/20/13[0:00:00 | 2300 3285714 |1979.783
Event Characteristics ¥
» | Event Description =k
Name .Event 4
Date 7/6/2014 Time 00:00:00
Day Sunday
Qualifying Ev Comments  trip of Gen A
+ | Load/Generation
4 | Time/Frequency
Initial Time .52.395 Initial Frequenc  59.99
Minumum Time  9.654 Minimum Frequ 59.889
Settling Time 22,854 Settling Freque 59.925
Frequency 20 59.917 Frequency 30  59.927 =
Frequency 60  59.934 Frequency 90  59.935
» | NERC Performance
Interconnection Balancing Authority
FA NERC 50.004 PA Interchange 10172.954
FB NERC 50.926 PB Interchange 10359.792
FRM MERC 1911.765 FRM BA 2186.526
PA Generation  16171.825
PB Generation  16303.395
FR Gen BA 2105.25
~ | Additional Performance Indexes -7

Graphical User Interface
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Baselining

Interconnection and BA
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I Frequency Response Toal =1 | e[ 7]
T & X a Interconnection/BA Mode = 0)
Events DataBase ¥ | Event Plot - q %
E
Event Name Date Time Disturbance FRM NER! < ;
=
Event 1 10/02/08 14:51:00| 2000 1587.302 = — CHISOD 2
event 2 09/27/10| 14:51:01 | 2000 1612.903 o %
Event 3 07/03/13|11:00:00| 2100 1680 ] 3
Event4 05/06/07 | 0:00:00 | 2000 1242.236 i': 2
Event 5 05/06/09 | 5:00:00 |2100 1304.348 500
T LA L T T T T T T T
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ime, s
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Event 12 07/10/09 | 11:21:15)| 1300 1140.351 g
Event 11 03/05/13 | 22:00:00| 444 693.73 EBZUU B
4
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BA Baseline Plot
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BA Baseline Plot

Fregquency Response, MW/0.1Hz
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Read information
from PI server

Configurable presets
» Time-series aligning

March 26, 2015

] Pl Database Reader

OSlsoft Pl database support
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Name Unit  Plot Presets [:
Find T,
C Fin ag(s) Add

Read From PI

Server Tag Type Time Shift (s) Scale
EIOC-PLpnl.gov  DemoBA:Frequency Frequency E] 0% 15
EIOC-PLpnl.gov DemoBA:Netlnterchange  ActPower E] 0% 1 % NETINTERCHAN MW
EIOC-Plpnl.gov DemoBATotalGeneration ActPower E] 0% 1 % NET_GENERATIOI MW ]
EIOC-PLpnl.gov DemoBA:TotalWind ActPower E] 0% 15 TOTALWIND

From: (01/02/2015 10:00:00 5 |+ | To: 01/02/2015 10:05

2

TimeaStamp Time DemoBA:Frequency DemoB2
01/2/2015 10:00:00.000 [ 0.000 [ 59.985 10185.00 -
01/2/2015 10:00:00.100 {0.100 [ 59.985 10194.95:|
1/2/2015 10:00:00.200 [ 0.200 [ 59.985 10184.96
/2/2015 10:00:00.200]0.200|59.985 1018484
01/2/2015 10:00:00.400 [ 0.400 [ 59.985 10184.82
01,/2/2015 10:00:00.500 [ 0.500 | 59.985 10184.80
01/2/2015 10:00:00.600 [ 0.600 [ 59.985 10194.88
01/2/2015 10:00:00.700 [0.700 [ 59.985 10184.86
01/2/2015 10:00:00.800 [ 0.800 [ 59.985 10194.84
01/2/2015 10:00:00.900 [ 0.900 [ 59.985 10184.82
01/2/2015 10:00:01.000 { 1.000 [ 59.985 10194.80
01/2/2015 10:00:01.100 [ 1.100 {59.985 10184.78
01/2/2015 10:00:01.200 { 1.200 [ 59.985 1018476
01,/2/2015 10:00:01.300 [ 1.300 [ 59.985 10184.70
01,/2/2015 10:00:01.400 | 1.400 | 59.985 10184.60
01/2/2015 10:00 1.500(59.985 10184.50
01,/2/2015 10:00 1.600 [59.985 10194.40
01/2/2015 10:00:01.700 [ 1.700 [ 59.985 10184.30
01/2/2015 10:00:01.800 | 1.800 | 59.985 10184.20
01/2/2015 10:00:01.900 [ 1.900 [ 59.985 1018410
01/2/2015 10:00:02.000 [ 2.000 [ 59.985 10184.00
01/2/2015 10:00:02.100 ( 2.100 [ 59.986 10193.45
01/2/2015 10:00:02.200 [ 2.200 [ 59.986 10182.81
01/2/2015 10:00:02.300 { 2.200 [ 59.985 10182.37 .

‘| n

3

-
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Time
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Time
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3/10/2015 3:52:38 PM Interconnection Baseline Plot s =
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Event Characteristics Table i,
Q0]
Event Event: Ewvent 10/2/20 Event 14:51:00 L:
Name Date o8 Time § | ]
Disturba 2000 i ."-n.. o A |
nce Size 0 1 T . :
Load 5 Load 1000 =
Loss Loss Size
Time "
Initial  62.15 Initial  59.979 o - - - e =
Time Freguenc Times
¥ Active Power Plot
F 1c50.08  F 59.854 FEM 1587.302
¥ point A ¥ point B NERC
NERC NERC L — HP
Minimn g.517 Minimu 59.775 FRM 485.437 1
m Time m Min
Frequenc
L Event2: "event 2"
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requency Plot
Event event2 Ewent g9/27/201 Event 14:51:01 ]
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Disturba zoo0 &0 0 um wm o 150
nce Size s
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Power Plant Performance (under
development)
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-

™4 Frequency Response Tool EI@
T ':} .) b4 Single Unit Mode = g @/l
Events DataBase ¥ | Unit Characteristics - 1 Event Plot - 0
Event Name Date Time Disturbance F Unit Info < 50
Event 1 10/02/08 | 14:51:00| 2000 1 Gen Name Hydra 0 — CHI500
event 2 09/27/10) 14:51:01)| 2000 14 Gen Type Hydro
Event 3 07/03/13)11:00:00) 2100 14 . .
Eventd 05/06/07 | 0:00:00 | 2000 1] F Signal CHJ500.F P Signal IDALP
Event 5 05/06/09 | 5:00:00 |2100 1 Speed Governor Parameters
Pmax 900 Prmin 200 Y
Event 7 05/10/12)10:25:00) 1604 14 -
P tD 0.05 T D 05 £39.95 1
Event8  |01/15/13]15:00:00] 1050 1| | TErmanentSreep S g
Event 9 03/02/14 | 0:00:00 |1500 13 Deadband 1 0.01 Deadband 2 1] %—
Event 10 07/02/14 | 8:00:00 |1600 13 Tg 05 P 0.03 L=
Event 12 07/10/09)11:21:15) 1300 1 i i . .
Event 11 03/05/13 Opening Velocity 0.1 Clasing Velocity -01
Tr 1 Tw 2
Pref 878.75 Frnominal 60 50.0 -
» | Model Diagram
Pref VIELop Pmiax
i i p
< m | b T Gate or
At + 1 | / N = | valve
] — T
Generators ¥ = ¢ ! { g L’r
S . ]
a0 ————— 7] o L Vil tinia i %00
Hydro 1 ] ] A
Hydro 2 J ected Response
Steam 2 Rrsly ]
1+sTy 295 -
z ]
Gate or {141 = ]
Valve § Lyl Power 2890
(1+0.5sT,) S
< ggs |
Frequency Response Characteristics 7
Initial Time 52293 Initial Frequency ~ 59.99 4
FA 59.904 FB 59.926 880
PA 878.085 PB 888.881 b
FRM 15,684 T IR LA L L L
60 a0 100 120 140
Time, s
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v FRAT web page

4 hitps://svr prlgov/

M https://svn.pnl.gov/FRTool

B dnkosterev@bpa.gov
B pavel.etingov@pnnl.gov
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O~80C ﬁ- FRTool - Trac

4 s
s trac
’ Incegrated SCM & Pregect Managemest
Lo | Sewtings | WelpiGukle | Abuut Trac
St Pugw | Irdban by Thin | Inden by Diber | Lok Changs
Frequency Response Tool Frequency Response Tool |
System Requirements
The purpose of the tool Is to automate the power s'fstem I‘fequenc.l response analysls process. The tool can help to perform the of the freg ¥ response based User Manual
on the PMU measurements, collect and process stati on the freq: y response characteristics. The toll can also represent the informs |l||1n using advanced visualization Sofrware Documentation
tachniquas. Licenae
Curtact informabion
Mare details about the tool can be found in o PNNL report
Version 1.0
1. automated frequency response analysis process.
2. Initial estimation of the system p {Initial q y. settiing point, etc.)
3. visual inspection and manual adjustment of system parameters.
4. P BSPONSE matrics.
5. archiving the historic events and baselin he interconnection performance.
B, qenerating reports in MS Word farmat,
Version 2.0
* 2ip file
1. New anatytical functions including caleulation of frequency response measure (FRM) for Balaneing Authority based on BAL 003 standard
2. Hew advanced user interface
3. New reparting capabilities
B Frequency Fesponse Toal = @3
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