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« Multi-lab team partnered with utilities to =
develop advanced measurement capabilities GRI

for resilient integration of inverter-based
resources (IBRs)

 PNNL partnered with BPA to address one of

their needs Advanc_e_d Measurements
_ for Resilient Integration of
= All generators must meet requirements to e BadedAesources
interconnect with BPA's system
_ o _ _ _ PROGRESS MATRIX Year-1 Report
* Ongoing performance verification is time March 2023
consuming, and increasingly so as new IBR plants P
come online e =

K Chatterjee S Granda

* The resulting Generator Scorecard tool was
demonstrated at BPA o s




- . BPA/DOE Archive Walker — O x
_ @ |Coordinats| |Settings| |Resu|l5| |S|'gnal Inspedion| Available Results:  12/01/2023 00:00:00 - 12/26/2023 23:59.00

.3; | Forced Oscillations | Out of Range Events | Ringdowns | Wind Ramps | Mode Meter| FRM |VRM I ioltage Schedule |

PaCific LN B u ‘E Search Start Time: 12/01/2023 00:00:00 = = Search End Time: 12/27/2023 23:59:59 2 v <Be-Ag< <Ce- A< <Cre
Northwest  Capabilities | e ' o T
z R % n BAFRM | C

} ‘l*l"['ﬂ"l 2 lﬂrl oo | Eaie e sl

» Analyzes long records of ol ] I DL T
archived or incoming PMU data P © :’-:;';:- D [

- R ST s e e

* Detects frequency and voltage - wl | e
eXC u rS i O n S Dect Dec 9 Dec 16 Dec23 ’ Detap A . nt -

» Automatically performs ST o 5
frequency and voltage e o
response analysis - o

o TraCkS ad herence to the - 07:33 07:33 07:33 07:33 07:33 07:34 07:34 07:34 — -5:45
assigned voltage schedule 5 [ PRY s

« Summarizes performance in /‘M
easy to interpret visualizations - W

:MWW.-::.&.-!&.L.-,._;J,-_,-T,-_
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Freqguency Response
Measure (FRM)

Measure of a plant’s
change in active power in
response to a change in
frequency

Bp—Ap i MW
10(BF—Af) 0.1Hz

FRM =

4 - /,-
-H_mwm
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50.96 ﬁ/m,-mﬁfﬂ =
59.94 — C
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a 05
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495
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Freqguency Response
Measure (FRM)

* Plants operating without
headroom are unable to
respond, even if frequency
control is active

* Under-frequency
excursions may not
provide enough
information
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59.94

605

| e
Ap
Bt
Cr
W.J Bp
| S
_ AM

07:33

07:33

I
07:33

07:33

07:33

07:34

07:34 07:34




o

Pacific ' Cr

Northwest | /m
Ef‘so.oz—- A J \ JBF
- o e

Freqguency Response ;_,w/” oA T
Measure (FRM) -
» Over-frequency i ok

excursions allow T e

evaluation of plants s As ML

operating without 1

headroom
+ Signatures of pumped _

storage motors turning off

17:39 17:39 17:39 17:39 17:39

were specifically sought
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z-m.s—:
: 210 Vscale B
239.5—: / AV

Voltage Response _
Measure (VRM) w | gt ¥ SgE s A

05:41:15 05:41:16 05:41:17 05:41:18 05:41:19 05:41:20 05:41:21 05:41:22 05:41:23 05:41:24 05:41:25

Measure of a plant’s o- e T

change in reactive power in : / AQ
response to a change in - /

voltage magnitude
AV AQ Qscale

X _
Vscale Qscale [y v .

MWAR.
|
|
1

VRM =

05:41:15 05:41:16 05:41:17 05:41:18 05:41:19 05:41:20 05:41:21 05:41:22 05:41:23 05:41:24 05:41:25
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Pacific :
Northwest 2411
2—11].5—:

0] Vscale e

239.5 1

Voltage Response _ = AV
Measure (VRM) w | gt ¥ SgE s A

05:41:15 05:41:16 05:41:17 05:41:18 05:41:19 05:41:20 05:41:21 05:41:22 05:41:23 05:41:24 05:41:25

» Detector targets capacitor - e —

switching events i / AQ
» Scaling provides - f/

consistency across kV -
levels 3

MWAR.
|
|
1

AV AQ S
9 | _

0541:15 05:41:16 05:41:17 05:41:18 05:41:19 05:41:20 05:41:21 05:41:22 05:41:23 05:41:24 05:41:25
Qscale

VRM =

Vscale
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Voltage Schedule

 BPA bases their voltage
schedules on three loading
periods

* The schedule has a kV target
with upper and lower bounds

* The tool reports the
proportion of time the plant is
off schedule

kW

240

235

[ L L T L I 7L IT7TL
L wy L ol [T floadl Tlalfal
L i Ly L g | | U

12/06

—

Off Schedule
=
L

Proportion

12/07

12/08

12/09

12/10

12/

12712

12/06

12/07

12/08

12/09

12/10

12/M

12712
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* The Generator Scorecard provides an initial assessment

« Potential performance issues first reviewed by BPA internally

= Check for straightforward explanation
» Outage causing higher than normal voltages
» Known limitations for certain operating conditions

» Manual model-based analysis
= Coordination between departments that may have insight

* For issues that need to be addressed, BPA's interactions with generator
operator are cooperative

» Informal conversation to check if the issue is known
» Organizations collaborate to find a solution

10
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* Deployed at BPA's synchrophasor laboratory

= Many thanks to Tony Faris for setting up and running the tool
« Configured to evaluate 22 power plants
* Presented results are based on one month of archived PMU data

11
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Frequency Response Measure (FRM)

Archive Walker Projects (%] ]

Ave: FRM Best FRM
Plant1 10.3 -29.62
Plant02 -20.65 -140.92
Plantd3 -22.18 -738.56
Plant04 -145 -12209
Plant05 4821 -479.72
Plantdé -20.86 -90.82
Plant08 -83.66 =724.12
Plant(2 0.94 -73.21
Plant10 451 -31.2
Plant11 -24.45 -284.35
Plant12 -8.78 -88.01

OE Archive ko
Coordinates |Settings| |Results| Signal inspection|  Available Resuits: 12/01/2023 00:00:00 - 12/26/2023 235900
| Forced Oscillations | Out of Range Events | Ringdowns | Wind Ramps | Mode Meter  FRM | VRM | Vohtage Schedule |
SearchStart Time: | 12/01/2023 000000 (5] 7| Search Ena Time 1272172023 235959 2] 7| <Br - Ap< <Cr-Ar< <Ce< <8< <to-to<
Plant Review | Event Review
004
¥ I . ;
| T i
.
T % 1 . 1y l ! | l ® . l l 3 0w2{ @
™
°
4 . L
200 0 .
=, —_ e
= * ~
§ 1 a .
I\ o e o
L ] ‘ ™
-0.02 ®
L T4 . o
-400 ] # o0 .
™
® e @ .
] -0.04 = L ]
L]
@ L
.m_ 1] ] T LI L] Ll Ll
T T T T T =40 -20 20 (1] a0 100 120
Dec05 Dec 10 Dec 15 Dec 20 Dec25 Deita P
m_
E
o
€
59.95
o732 o732 0732 o732 o732 0732 0733 o733 0733 o733 0733 0733 07:34 o738 0734 07:34 o7:34 07:34 0735
| 1

1460 |

1420

07:32 oT:32 0n32

o732 om32 o732

07:33

0733 07:33

]
0733 0733

0733

07:34 07:34

0734 07:35

Worst FRM

275,12

25.57
6.1

25.73
16.25
16.52

97.88
23.06
1537
18547
72.32

FRM  |FRM manual C
12/20/23 07:5 -198.71 50965 -0.031 6249
12/21/23 225 -39 59945 0004 0.16
12/23/23 07:5 -49.12 59960 -0.036 175
12/24/23 07:5 -10446 50956 -0.025 2589
12/24/23 080 -1268 50958 -0.015 1888
12/24/23 20:0 5346 60043 0025 -1313
12/25/23 11:5 11883 50976 -0.017 2008
12/25/2312:0 -2574 50972 -0.007 1863
12/26/23 011 523 60043 0006 -308
12/26/23 07:5 16172 50965 -0.012 1935
12/26/23 20:5 -22.36 50957 -0.039 862
| Discard FRM for this Plant. |
| Discard FRM for all Plants |
Adjust tg by | :seconds E
Set Manual FRM to [Ge |

Plot all plants as reference: [_|

~

12
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Archive Walker Projects

Coordinates |5emngs| |Rsuns! |Signal Inspeclion|

Forced Oscillations | Out of Range Events | Ringdowns | Wind Ramps | Mode Meter FRM  VRM | Voltage Schedule |

Available Results:  12/01,/2023 00:00:00 -

12/26/2023 23:59:00

Search Start Time: | 12/01/2023 000000 2] ¥|  Search End Time: warponssessfele] | |<B- A< L F <Bi<| |<te - to<|
Plant Review  Event Review
0.04
i ‘ [ ] BA FRM
'TT ) - i :
] l w l l l I 1 l ® 12/2/23 20:00 -34475 59.855 -001 3677
| ® 002 ® 12/3/23 07:59 -144.48 58955 -0.019 2B.84
: 12/3/23 1053 22300 096 D024 571
-500 ] 12/4/23 23:07 -398.21 50948 -0014 5894
1 - 12/5/23 22:50 -112 50.956 -0.036 4071
i . 12/6/23 17:39 -622.84  60.046 0007  -40.63
] ® i B o 12/6/23 23:00 -2347.37 60.046 0001 -3204
1000 . = ™ 12/7/23 10:32 8669  59.958 -0029 2538
s 2 b ® 12/7/23 1500 -108.69 60.044 0035 -3832
g ] ! ! a® e_9® 12/7/23 1654 -11647 59.958 -0.045 52.96
] ® ® 12/7/2323:15 -898.93  60.033 0004 -3284 .
-1500 -0.02 ® ®
d o * L
T ® ® ——
g J Type: | All v
T ® ™
-2000 004 L ™
] e
i Plant FEM FRM manual APplant
-2500 I T = e ] == ' ' ' Plant0z  -18.02 445
: : : : , -50 50 oo oo 100 150 200 Pani0?  Na NaN
Plant0s  -14.82 366
Plantdé  MNaM MaM
Plantl7 -26.16 646
Plant08  MaM MaM
Plant02 -T.26 1.79
Plant10  -142 351
Plant11 -18.95 468
Plant12 -5.44 1.24 -
| Discard FRM for this Plant |

Adjust tg by |

Set Manual FEM to

Discard FRM for all Plants

seconds

Go

| .
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Bl 2°4/DOE Aschive Walker
@ (Coordinates| [Settings| Resuits| [Signal Inspection|  Available Results: 12/01/2023 00:0000 - 12/26/2023 23:59:00

Delta Vv

0.5+

-0.5

g | Forced Oscillations | Out of Range Events | Ringdowns | Wind Ramps | Mode Meter | FRM | VRM [Voltage Schedule
% | search start Time: 12/01/2023 oum.uoEEi Search End Time: 1212772023 23—.59:59@3 6o |
E
S
g ) “ ﬂ ‘ “ n H
’ I H T& ‘!T&
'0.5 -
=
[
=3
14
_l_s -
.E =
I 1 ] ]
MNow 30 Dec 05 Dec 10 Dec 15 Dec 20
T |
1 |
241 |
2 240 i
1 |
239 -
1 |
A : .
06:23:50 06:23:51 06:23:52
20
5
%
Z g
:

06:23:50 06:23:51 06:23:52

Type: | All v

VRM Performance Summary

Plant10 0.02 015 -05 ,
Plant11 047 083 0.08
Plant12 0.14 0.74 -031
Plant13 1.03 1.03 1.03
Plant14. 1.51 1.51 151
Plant15 0.17 0.6 -0.18
Plant16 0.18 024 033
Plant18 0.24 0.54 1
Plant19 002 012 -0.16
Plant20 592 11649 -0.02

12/1/23 13:35 0.44 24085 -0.87 1942
12/2/23 16:55 033 24113 -0.76 167
12/4/23 06:38 0.42 2386 086 17.36
12/4/23 13:17 0.34 24111 -0.74 1641
12/5/23 05:41 0.46 239.01 1.02 17.96
12/5/23 15:24 0.4 24158 -0.86 -175
12/6/23 07:25 041 2388 0593 17.19
12/6/23 1441 046 2413 -0.92 1849
12/7/23 08:02 0.38 23918 089 16.65
12/7/23 15:11 04 24151 -0.9 -16.9
12/8/23 0806 045 2381 0497 17.61 NI

Plot all plants as reference: [
| Retrieve Detail ||  Discard Event |




B 5rA/DOE Archive Walker
(®) [coordinates|[Settings [Results[Signal Inspection]  Available Results: 12/01/2023 000000 - 12/26/2023 23:59.00
Forced Oscilations | Out offange Events | Ringdowns | Wind Ramps | Moce Meter | Fitv VRV Voltage Schedule |

Search Start Time: 12/01/2023 00:00:00 5 | Search End Time: 1272772023 235959 5] 7|

Type: v

VRM Performance Summary

Archive Walker Projects

Mean Bes Worst

Plot all plants as reference: [_|
Retrieve Detail || Discard Event
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Voltage Schedule

Il BrA/DOE Archive Walker

Available Results: 12/01/2023 00:00:00 - 12/26/2023 23:59:00

Coordinates| |Settings| |Results| |Signal Inspection

‘ Forced Oscillations ] Out of Range Events | Ringdowns | Wind Ramps [ Mode Meter | FRM ] VRM | Voltage Schedule |

12/01/2023 00:00:00 EEI

Search Start Time: Search End Time: Qverview Retrieve Detail 0% Cancel

12/14/2023 23:59:00 @EJ Report by: | Loading v]

) Federal

Archive Walker Projects

® Al

s
T
-
IS
-
il

—
- —

il

t |

bl — |

CBIC

RITE Y
Y ]

() Non-Federal

O 230kv
) 500 kv
® AllkV

Proportion of time off schedule by loading level

1 1 i ] . j
T O Y| e
_ . . . Plant01 0.15 0.12 0.17
Plant02 0.59 0.04 0.05
] ' ' ' ' Plant03 0.26 0.02 0.01
l Plant05 0.17 0 0
230 —— T T T ; 1 T T T T T Plant06 0.59 0.68 0.91
12/01 12/02 12/03 12/04 12/05 12/06 12/07 12/08 12/09 12/10 12/11 12/12 12/13 12/14 12/15  Plant07 0 0 0
Plant08 0 0 0
1 Plant09 0.01 0.02 0.01
2 ' ' ' ' ' Plant12 033 0.25 038
3 Planti3 007 0 0
S Plant17 0 0 0
505 Plant20 0 0 0 0
5 i . | . . | . . . Plant19 0 0 0 0
5 - - | - - - - - Plant18 0.03 0.21 045 03
E - - - - - - | Plant16 0 0 0 0
0 T T T T T T = T I T

12/01 12/02 12/03 12/04 12/05 12/06 12/07 12/08 12/09 12/10 12/11 12/12 12/13 12/14 12/1%

16
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. BPA/DOE Archive Walker
(Coordinates|Settings| [Results|Signal Inspection|  Available Resuts: 08/01/2023 00:01:00 - 08/14/2023 2359:00
Forced Oscillations | Out of Range Events | Ringdowns | Wind Ramps | Mode Meter | FRM | VRM | Voltage Schedule

Search Start Time: 08/01,2023 00:01:00 - Search End Time: 08/14/72023 23:59:00 | Reportby:  Minute ¥ [ Owerview | | Retrieve Detail | 0% Cancel

Proportion of time off schedule by loading level

Archive Walker Projects

Plant Low Med High All
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« Continue to integrate feedback from BPA
 Transition the final tool to BPA for continued use

* Work with partner to make the capabilities more broadly available under
separate funding

18
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Thank you
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Extras
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Frequency Response Measure (FRM)

Archive Walker Projects (%] ]

Ave: FRM Best FRM
Plant1 10.3 -29.62
Plant02 -20.65 -140.92
Plantd3 -22.18 -738.56
Plant04 -145 -12209
Plant05 4821 -479.72
Plantdé -20.86 -90.82
Plant08 -83.66 =724.12
Plant(2 0.94 -73.21
Plant10 451 -31.2
Plant11 -24.45 -284.35
Plant12 -8.78 -88.01

OE Archive ko
Coordinates |Settings| |Results| Signal inspection|  Available Resuits: 12/01/2023 00:00:00 - 12/26/2023 235900
| Forced Oscillations | Out of Range Events | Ringdowns | Wind Ramps | Mode Meter  FRM | VRM | Vohtage Schedule |
SearchStart Time: | 12/01/2023 000000 (5] 7| Search Ena Time 1272172023 235959 2] 7| <Br - Ap< <Cr-Ar< <Ce< <8< <to-to<
Plant Review | Event Review
004
¥ I . ;
| T i
.
T % 1 . 1y l ! | l ® . l l 3 0w2{ @
™
°
4 . L
200 0 .
=, —_ e
= * ~
§ 1 a .
I\ o e o
L ] ‘ ™
-0.02 ®
L T4 . o
-400 ] # o0 .
™
® e @ .
] -0.04 = L ]
L]
@ L
.m_ 1] ] T LI L] Ll Ll
T T T T T =40 -20 20 (1] a0 100 120
Dec05 Dec 10 Dec 15 Dec 20 Dec25 Deita P
m_
E
o
€
59.95
o732 o732 0732 o732 o732 0732 0733 o733 0733 o733 0733 0733 07:34 o738 0734 07:34 o7:34 07:34 0735
| 1

1460 |

1420

07:32 oT:32 0n32

o732 om32 o732

07:33

0733 07:33

]
0733 0733

0733

07:34 07:34

0734 07:35

Worst FRM

275,12

25.57
6.1

25.73
16.25
16.52

97.88
23.06
1537
18547
72.32

FRM  |FRM manual C
12/20/23 07:5 -198.71 50965 -0.031 6249
12/21/23 225 -39 59945 0004 0.16
12/23/23 07:5 -49.12 59960 -0.036 175
12/24/23 07:5 -10446 50956 -0.025 2589
12/24/23 080 -1268 50958 -0.015 1888
12/24/23 20:0 5346 60043 0025 -1313
12/25/23 11:5 11883 50976 -0.017 2008
12/25/2312:0 -2574 50972 -0.007 1863
12/26/23 011 523 60043 0006 -308
12/26/23 07:5 16172 50965 -0.012 1935
12/26/23 20:5 -22.36 50957 -0.039 862
| Discard FRM for this Plant. |
| Discard FRM for all Plants |
Adjust tg by | :seconds E
Set Manual FRM to [Ge |

Plot all plants as reference: [_|

~

21
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I 5pA/DOE Archive Walker Sorteverits by<C

@ |Coordinates| |Settings‘ |Resu|ts| ‘Signal Inspection‘ Awvailable Results:  12/01/2023 00:00:00 - 12/26/2023 23:59:00 Va/ue —_
N
g ilati : 3 FRM
.UE_J, | Forced COscillations | Out of Range Events | Ringdowns | Wind Ramps | Mode Meter| |VRM | Voltage Schedule | underfrequencv or
o
5 | Search Start Time: | 12/01/2023 00:00:00 El - | Search End Time: ‘ 12/27/2023 23:59:59@ - | I:l <Br- A< I:l |:| <Cr- A</ | | << | <Bg< <t - tp< I:l Sort events overfrequency
= || lan Review (Event Review by BA FRM events
%]
S
E T 0.04
] i %e to BAFRM | C AF | APga
0 * ' L d | 12/18/23 025 -523.8 59958 -0.016 8553
] L l ‘ Jl w l l l l * I l | o [ ) 12/26/2301:1 -45457 60.043 0006 -2677
] ® 12/11/23 20:2 -449.87 59956 -0.012 5255
| 0024 o 12/9/23 21558 -40835 60.054 0013  -52.57
-500 ) ° 12/21/23 225 -40469 59945 -0004 1675
1 1 - 12/4/23 2307 -398.21 59.948 -0.014 58.94
’ | e (/723 04
1 ° |-39205 59927 0035 13673
B < 0 L] 12/24/23 08:0 -389.52 59.958 -0.015 58.02
«-1000 = J ® 12/20/23 07:5 -369.09 53965 -0.031 11614
[=1] -
= ] 2 | ° b 12/2/23 20.00 -34475 58.955 -0.01  36.77
i i ® s P O .‘ 12/25/23 115 -288.98 50976 -0.017 4883
B 000 ~ ° L] b 12/24/23 200 -26179  60.043 0025 -64.28
-1500 0027
[ ]
] i o® 3 L
] ] [ ] [ ]
1 .. L Type: | All e
1 ] e e °
-2000 004 L
4 E °
] ] _ °
2500 — — ——
7 7 7 7 7 -50 0 50 100 150 200
Dec 05 Dec 10 Dec 15 Dec 20 Dec 25 Delta P BA
Plant12  -18.95 6.61
Plant13  -17.7 6.17
Sort by Plant21  -13.31 464
Plant03  -11.67 407
p lant .FRM Plant04  -55 192
contribution Planti6  -3.93 137
for an event Planti4 -178 0.62
K Plant22  -136 047
selected in
the table
above
| Discard FRM for this Plant |

| Discard FRM for all Plants |

Adjusltoby| |seconds | Go |

Set Manual FRM to l:l

22




= *»*ef/ FRM — Event Review

Ylant Review | Event Review .|-

0.04
1 1 %e BAFRM | C | AF | APg
0 ° | 12/18/23 02:5 -523.8  59.958 -0.016 85.53
1 ‘ { ‘ Jl w l l l ‘ I l I o ° 12/26/23 01:1 -45457  60.043 0006 -26.7
] 12/11/23 20:2 -449.87 59956 -0012 5255
1 L 0.02 ® J
i 12/9/23 21:58 -408.35 50054 0013  -525
-500 7 PY 12/21/23 22:5 -404.69 59.945 -0004 1675
] ] o 12/4/23 23.07 -398.21 59.948 -0.014 5894
7] N [ ]
1 ° 12/9/23 0445 39205 59927 -0035 1367
_ ° < 0 L] 12/24/23 08:0 -389.52 59.958 -0.015 58.02
< -1000 1 o i 12/20/23 07:5 -369.09  59.965 -0.031 116.1
[==] 4
s ] 2 i ® 12/2/23 20:00 -34475 59955 -0.01 3677
& i a ® e_o 12/25/23 11:5 28898 59976 -0017 4883
b | )
. 002 o ° ] ® 12/24/23 20:0 26179 60.043 0025 -64.2
-1500 -0.027
_ | P L Y ° ®
i | [ ] [
] s s
i 7 ®
2000 004 ® 04
i B [ ]
1 [ Plant | FRM__ | FRM manual | APpiant
J i Plant20  NaN NaN
-2500 T ' ' T T T T T ! T T Plant15  NaN NaN
I I I I I -0 >0 100 150 200 Plant!9  NaN NaN
Delta P BA
Dec 05 Dec 10 Dec 15 Dec 20 Dec 25 elta Plant07  -83.23 29.03
Plant08  -55.27 19.28
| SO L Plant0s  -47.71 16.64
T ’\w_f"m\-
— — Plant11  -47.07 16.41
50 - \‘/___/—u,/"&-/_ —
= Select a plant Plant17 11.28
. Plant0s  -30.9 10.78
g ) Plant02  -26.82 9.35
% ) /_/_""“"’“\—\M Plant12  -18.95 6.61
& b Plant13  -17.7 6.17
59.95 /
| <[__Retrieve Detail | >
Discard FRM for this Plant
04:44 04:44 04:44 04:44 04:44 04:44 04:45 04:45 04:45 04:45 04:45 04:45 04:46 04:46 04:46 04:46 04:46 0446 04:47 | tscar orthis Tlan |
| Discard FRM for all Plants |
| | Mo WMW Adust oty || seconds
i Set Manual FRM to Go
g 40 Note: Overall, the entire BA
& . has satisfactory performance
1 to frequency excursion
_ WWW W’W‘WW events with delta f vs delta
L NPT S WYY V) . . .
| VWYY ‘”WWMWMMNW“W gl i P being in the right
T T T T
uadrants, and FRM values
04:44 04:44 04:44 04:44 04:44 04:44 04:45 04:45 04:45 04:45 04:45 04:45 04:46 04:46 04:46 04:46 04:46 04:46 oaar | 9 ’

being mostly negative.




- \%/ FRM - Plant Review

PaC|f|c

[l | [l | L er FoL 1 L cer ol T | et T Lo e tu
( Plant Rew@ent Review |
004 Type:
| i b P Select a plant to
1 T I 7 ° observe
T3 SRR o Y : - * their PRM and T R P
t l l l 1 l l l l l ' their change in : ' '
1 _ ' Plant03 2218 73856 63.1
i i b active power to Plant04 145 122,09 2573
b g | o ® change in Plant05 -48.21 -479.72 16.25
1 0 ’ frpqllpn(\y f()r a” Plant0& -20.86 -99.82 16.52
004 “ - Plnt07 B854 57769 8247
m 1 [ ]
s 2 ® events dur ”"9 Plant0s -83.66 72412 97.08
£ e e ® o0 o the observation Plant09 0.94 7321 23.06
1 S e ® . ° L} ° period Plant10 461 312 153.71
| 0,02 ® ° Plant11 -24.45 20435 185.47
i Q.:' e C Plant12 878 8801 72.32
400 ) |
Note: This Generator of oo °
exhibits negative FRM for o] ° * ° e
| most events during the T °
1 observation period which | - [ o | FRM_|FRMmanuall C | AF | /
00 is desirable ® 12/2/2312:26 -26.16 50972 0025 6.4¢
T r ' T T T T T T T T ' 12/2/23 20:00 44.55 59.933 -0.011 -47
' ' ' ' ' 40 -20 0 20 40 60 80 100 120 12/3/23 07:59 -12.79 59953 002 2.5
Dec 05 Dec 10 Dec 15 Dec 20 Dec2s Delta P 12/3/2310:53 -36.8 50058 -0.026 9.3¢
Select an event 12/4/23 23:07 -130.6 590945 -0.015 19
60.05 - and-clickretiibve 12/5/23 22:50 -15.02 50956 -0.036 5.4¢
) e 12/6/2317:39 12081 60046 0007 7.8
I /M\’_\_\ (;/6‘1‘8//8 f‘?r more 12/6/23 23:00 -287.86 60046 0001 -39
] information 12/7/2310:32 -3.1 50958 -0.020 09
2 \ 12/7/23 15:00 15.22 60044 0035 537
g ] 12/7/23 16:54 -1096 50058 -0.045 4.9f
& /_,_—M
- | o f \M/ [SF=F 12/7/23 23:15 -292.14 60.039 0.004 -10.
’V/.H—_—\J‘

P

| Discard FRM for this Plant |

17:38 17:38 17:38 17:38 17:38 17:39 17:39 17:39 17:39 17:39 17:39 17:40 17:40 17:40

| Discard FRM for all Plants |

| Adjust tg by |:| seconds
| Set Manual FRM to I:I

g 1320 iwww WWWW\FV __..Jtuhf't,v.nvnvnvﬂu"l‘i\_‘ul.ﬂ,\:v V"“\\\f Plot all plants as reference: [
%W Note: The Generator
| M oy exhibits desired response
1310 | LAMRAAS AT M) U"W“'” el to an overfrequency event

17:38 17:38 17:38 17:38 17:38 17:39 17:39 17:39 17:39 17:39 17:39 17:40 17:40 17:40 24




7" FRM - Plant Review

Pacific

bt R Sort plants by
Plant Review :Et Review average FRM
0.04 Type: | All v
_ [ ] . _ F 4
Note: The Generator ® °
i exhibits positive FRM for i °
. b [ ] -20. -140. .
| many events during the Plant02 2065 14092 25.57
: . ) 0.02 ™ Plant13 1637 19217 11.99
50 4 observation period which i Plant16 -13.34 20678 2201
is undesirable i g Plant21 1031 37.66 2154
] | ° ° Plant12 878 -88.071 72.32
- . L e Plant19 485 -50.02 1442
w o Plant15 429 -41.15 8.74
s 7 T ’ . . § ] ° Plant04 145 12209 2573
£ - *— 1 ° o ® ° Plant14 0.25 -33.88 16.84
¢ é 1 s P l ¢ ¢ ll 8 L e® ® ° Plant0g 0.94 7321 23.06
] -002 ® . 0% 323 3601
1 | o ’.% Plant10 461 312 153.71
| 1 oo *9p
1 o o %, Select a pfant
20 %we
0.04
| | ° [ o | FRM_|FRMmanuall C | aF | AP |
. ] * 12/2/23 12:26 -2.56 50972 -0025 063
] ® o T trr T rorr T 12/2/23 20:00 -13.07 59953 -0011 14
I I T I I 12 10 -8 -6 4 -2 0 2 4 12/3/23 07:59 -9.67 50953 002 192
Dec 05 Dec 10 Dec 15 Dec 20 Dec 25 befta P 12/3/2310:53 -339 50058 -0026 086
Select an event 12/4/23 23:07 5.1 50946 -0015 -0.76
; . ' 12/5/23 22:50 -2.28 59956 -0036 083
soos | /“'“ anpl click reprieve — Emu s v 0 1%
. details for more 12/6/23 23:00 36.01 60047 0001 049
_ information 12/7/23 10:32 -2.53 59958 -0.029 0.74
2 002 12/7/23 1500 -2.04 60044 0035 -072
g ~ —] 12/7/23 16:54 0.86 50958 -0.045 -039
g i \VV/ W\‘“MFW’\M\ e 12/7/23 23:15 -19.26 60039 0004 -07
i W—\/\.\*JJ_\\ W PP e NPT
60 \/\/-\_/ ‘/\—J/—’/
| e
17:38 17:38 17:38 17:38 17:38 17:38 17:39 17:39 17:39 17:39 17:39 17:39 17:40 17:40 17:40 17:40 17:40 17:40 17:41 [ Discard FRM for tis Plant__|
| Discard FRM for all Plants |
1 Adjust o by | seconds | Go |
__ il || lljlljl :Alnx.lﬂ I
608 I it — |I | ] “I' L ‘ "””“ Set Manual FRM to -Go
5 i | Plot all plants as reference: [
P ol b A
- AN
| : Note: The Generator does
] not exhibit the desired
604 | | | | | | | | | | response to an
17:38 17:38 17:38 17:38 17:38 17:38 17:39 17:39 17:39 17:39 17:39 17:39 17:40 17:40 17:40 17:40 17:40 17:40 17:41 overfrequency event




racific ~ VOItage Response Measure (VRM)

Northwest

NATIONAL LABORATORY

Bl 2°4/DOE Aschive Walker
@ (Coordinates| [Settings| Resuits| [Signal Inspection|  Available Results: 12/01/2023 00:0000 - 12/26/2023 23:59:00

Delta Vv

0.5+

-0.5

g | Forced Oscillations | Out of Range Events | Ringdowns | Wind Ramps | Mode Meter | FRM | VRM [Voltage Schedule
% | search start Time: 12/01/2023 oum.uoEEi Search End Time: 1212772023 23—.59:59@3 6o |
E
S
g ) “ ﬂ ‘ “ n H
’ I H T& ‘!T&
'0.5 -
=
[
=3
14
_l_s -
.E =
I 1 ] ]
MNow 30 Dec 05 Dec 10 Dec 15 Dec 20
T |
1 |
241 |
2 240 i
1 |
239 -
1 |
A : .
06:23:50 06:23:51 06:23:52
20
5
%
Z g
:

06:23:50 06:23:51 06:23:52

Type: | All v

VRM Performance Summary

Plant10 0.02 015 -05 ,
Plant11 047 083 0.08
Plant12 0.14 0.74 -031
Plant13 1.03 1.03 1.03
Plant14. 1.51 1.51 151
Plant15 0.17 0.6 -0.18
Plant16 0.18 024 033
Plant18 0.24 0.54 1
Plant19 002 012 -0.16
Plant20 592 11649 -0.02

12/1/23 13:35 0.44 24085 -0.87 1942
12/2/23 16:55 033 24113 -0.76 167
12/4/23 06:38 0.42 2386 086 17.36
12/4/23 13:17 0.34 24111 -0.74 1641
12/5/23 05:41 0.46 239.01 1.02 17.96
12/5/23 15:24 0.4 24158 -0.86 -175
12/6/23 07:25 041 2388 0593 17.19
12/6/23 1441 046 2413 -0.92 1849
12/7/23 08:02 0.38 23918 089 16.65
12/7/23 15:11 04 24151 -0.9 -16.9
12/8/23 0806 045 2381 0497 17.61 NI

Plot all plants as reference: [
| Retrieve Detail ||  Discard Event |




Pacific VRM

Northwest

NATIONAL LABORATORY
Bl EPA/DOE Archive Walker

X
@ ‘Coordinates| ‘5ettings| ‘Results‘ |Signa| Inspection‘ Available Results:  12/01/2023 00:00:00 - 12/26/2023 23:59:00 Sort' p/ants by
g illati : g VRM
.UE_', ‘ Forced Oscillations | Qut of Range Events | Ringdowns | Wind Ramps | Mode Meter | FRM ‘ |Vo|lage Schedule | mean VRM
o
g | Search Start Time: ‘ 12/01/2023 00:00:00 EI - | Search End Time: | 12/27/2023 23:59:59 EI - ‘
=
s :
s r Type:
= 1 [ ] 14 [ ]
& VRM Performance Summ
< 4 1 ]
1 o ? (]
* ° 7 ° L Plant Mean Best Worst
1 ® 1 ™ 4 ® ? o 1 Plant10 007 0.15 0.03 .
® b
04 o? o ® [ 054 Plant02 0.12 021 0.09
® ?1? pe * =] Plant05 0.13 029 002
T ° (] i Plant12 0.14 074 -0.31
- ®|® i Plant04 0.16 0.66 -0.58
| ? = Plant15 017 06 -018
z E 0 Plant16 0.18 024 013
~02+ 1 Plant18 0.24 054 -1
i ] Pan2t o3z oss o1
1 ° / Plant03 034 1.83 -0.04
1 054 Plant08 035 0.98 0.01
] o Plant0 039 097 -0.16 1
] ® Select a plant
0 1 o, %
- qty s '
-1 12/1/23 13:35 0.44 24085 -0.87 -19.42
) ‘ ' ‘ ' ‘ ! ‘ ' ' 12/2/23 16:55 0.33 24113 076 -16.7
: . . . . -20 -15 -10 -5 0 5 10 15 20
Nov 30 Dec 05 Dec 10 Dec 15 Dec 20 Dec 25 Delta Q e 23856 06 1736
ov 12/4/23 13:17 034 241.11 074 1641
12/5/23 05:41 0.46 23901 102 17.96
i 12/5/23 15:24 0.4 24158 -0.86 -17.5
a1 12/6/23 07:25 0.41 2388 0.93 17.19
. 12/6/23 14:41 0.46 2413 -0.92 -18.49
1 12/7/23 08:02 0.38 23918 0.89 16.65
A 12/7/2315:11 0.4 24151 0.9 -16.9
210 | 12/8/23 08:06 0.45 2381 0.97 17.61 |
: Plot all plants as reference: [
i C Retrieve Detail S Discard Event
239
06:23:50 06:23:51 06:23:52 06:23:53 06:23:54 06:23:55 06:23:56
20 —
] / Note: The Generator exhibits
| the desired response to a
. drop in voltage
g
= 4
06:23:50 06:23:51 06:23:52 06:23:53 06:23:54 06:23:55 06:23:56




Pacific VRM

Northwest

NATIONAL LABORATORY

[l BPA/DOE Archive Walker —
@ |Courdinates‘ |Settings| |Results| ‘Signal Inspecticn| Available Results:  12/01/2023 00:00:00 - 12/26/2023 23:59:00
% | Forced Oscillations | Out of Range Events | Ringdowns | Wind Ramps | Mode Meter | FRM ‘ VRM |Vo|lage Schedule ‘
% | search Start Time: | 12/01/2023 00:00:00 EI - | Search End Time: | 12/27/2023 23:58:59 EI - ‘
a2
=
z E ® 1 °
= ® VRM Performance Summary
< i ® ® [}
° ® ? ° ‘ Plant Mean Best Worst
1 ® 1 o (o ? e Plant10 0.07 0.15 0.03
®
04 e? o ® [ ) 0 Plant02 042 021 0.09
* \ L e * ‘ ® Plant05 0.13 0.29 0.02
1 ° (3 L Plant12 0.14 074 -0.31
] L Plant04 0.16 0.66 -0.58
| = Plant15 047 06 -0.18
2 T 0 Plant16 018 024 013
= (=]
02 - Plant18 024 054 -1
i Pan2t 033 foss  oa |
° ‘ Plant03 034 182 -0.04
1 05 Plant02 035 098 001
_ ‘ o Plant01 039 097 -0.16
0 Py © * A VRM A AV AQ
_ L .’ 12/1/23 06:23 0.52 23872 102 20.82
-1 ol 12/1/2313:35 0.44 24085 -0.87 -19.42
7 P ' t tTT T CrTrrm T 12/2/23 16555 033 24113 076 16,7
‘ ; ; ‘ ‘ 20 -15 -10 5 0 5 10 15 20
Now 20 e 0s Dee 10 Dec1s Dec 20 Der 25 Delta 12/4/23 06:28 0.42 2386 096 17.36
ov e ec ec ec ec 12/4/23 1317 034 24111 074 1641
12/5/23 05:41 0.46 23901 1.02 17.96
j 12/5/23 15:24 0.4 24158 -0.86 -17.5
1 | 12/6/23 07:25 0.41 22838 093 17.19
i 12/6/23 14:41 046 2413 -0.92 -18.49
239 - 12/7/23 08:02 0.38 239.18 0.89 16.65
1 12/7/2315:11 0.4 24151 0.8 -16.9
-] 12/8/23 08:06 0.45 238.1 097 17.61
z
238 ; Plot all plants as reference: ||
i Retrieve Detail || (Discard Event) |
237 : ;
Discard event if
1407:20 1407:21 14:07:22 1407:23 1407:24 1407:25 1407:26 unsuitable for
evaluation.
] E.g. plant was
] off during the
02
j\/\] A /\ A [\’\ A event
e TR AN A ATV Ve A \ A !\A / [\ i i ﬂ
< i v 7 ) Uv V 2874 A A il A A A ]l\ L A/
= W v MARLRRINE
_ WAVAAVRRARLR RS MDA
04
14:07:20 14:07:21 14:07:22 14:07:23 14:07:24 14:07:25 14:07:26

28



Compare plant
performance o
against all the

Bl eeyT0E Archive Walker V B M
@ Koardinates) |Settings| [Results| Signal Inspection| * Available ASulls: 120012023 00000 - 120262003 235500

g Farced Oscilations | Cut of Range Events | Ringdowns | Wing Ramps | Moxde heter | FRM | WRM | Voltage Schedule plants in the
£
§ | SeahSenTime: | 1012023 mumﬂ@ﬂ Search End Time: 12.*2?#33232359:59@3 system, or a
z sub-set of plants
: |l “ .
% R . T by choosing a
£ . vam gl e
: P category
10 a I viina
. T 215 ETE
27 Plant0f 021 o0y
Plamtils in) .29 o
- Plaritn2 014 b7 -031
Planin+ 015 066 -058
e Plant1s 017 06 018
g : ] PlaitlE 018 24 013
L Plant12 024 054 -1
- Plarild 024 143 004
L 2 Planills 035 38 o
. *g ~ . Plan] L nar 016
| gumne I3 o e
*7 0
. ® = 4 12014221335 044 24085 -0a7 ETY:
1 T T T | AL B
12/2023 16:55 033 173 -076 67
! ! ! ! ! ! 0 e 0 0 B zaiosss 04z g 0.9 17.36
M0 bee 15 bec 10 bee 15 Dee 20 mec 25 1204023 1307 034 101 -4 1541
12/5/23 0541 045 Zam 102 1735
] _ 1205023 1524 04 4158 -D.56 75
241 _"'II 1206423 0725 (41 T 093 1719
] | 1206022 1441 046 2413 -n8z 1848
| 12/7/23 0B02 038 nain .83 1645
] | 127423 15:11 04 Mi51 08 -i62
340 | 12/8/23 0B05 045 231 nar 1751
| | e —— = @n’. all planits as referencs: EI >
] | e [ RetrieveCetall || Discard Event
239 |\ e
E L-I._—I—_'_F’_F
052351 D635 062353 052354 052355 62356
i _'___,_'_, —_— .
__--'_'__‘-_-‘-_-‘- -
o Note: Overall, the entire BA
ER g,f'“: exhibits desired performance
= 0 R to voltage events with delta V
| vs delta Q being in the right
| quadrants, and VRM values
/ being mostly positive.
=  —————— ——— ————
052351 D62352 062353 052354 052355 62356

29



Pacific
Northwest

NATIONAL LABORATORY

Voltage Schedule

Il BrA/DOE Archive Walker

Available Results: 12/01/2023 00:00:00 - 12/26/2023 23:59:00

Coordinates| |Settings| |Results| |Signal Inspection

‘ Forced Oscillations ] Out of Range Events | Ringdowns | Wind Ramps [ Mode Meter | FRM ] VRM | Voltage Schedule |

12/01/2023 00:00:00 EEI

Search Start Time: Search End Time: Qverview Retrieve Detail 0% Cancel

12/14/2023 23:59:00 @EJ Report by: | Loading v]

) Federal

Archive Walker Projects

® Al

s
T
-
IS
-
il

—
- —

il

t |

bl — |

CBIC

RITE Y
Y ]

() Non-Federal

O 230kv
) 500 kv
® AllkV

Proportion of time off schedule by loading level

1 1 i ] . j
T O Y| e
_ . . . Plant01 0.15 0.12 0.17
Plant02 0.59 0.04 0.05
] ' ' ' ' Plant03 0.26 0.02 0.01
l Plant05 0.17 0 0
230 —— T T T ; 1 T T T T T Plant06 0.59 0.68 0.91
12/01 12/02 12/03 12/04 12/05 12/06 12/07 12/08 12/09 12/10 12/11 12/12 12/13 12/14 12/15  Plant07 0 0 0
Plant08 0 0 0
1 Plant09 0.01 0.02 0.01
2 ' ' ' ' ' Plant12 033 0.25 038
3 Planti3 007 0 0
S Plant17 0 0 0
505 Plant20 0 0 0 0
5 i . | . . | . . . Plant19 0 0 0 0
5 - - | - - - - - Plant18 0.03 0.21 045 03
E - - - - - - | Plant16 0 0 0 0
0 T T T T T T = T I T

12/01 12/02 12/03 12/04 12/05 12/06 12/07 12/08 12/09 12/10 12/11 12/12 12/13 12/14 12/1%

30



Pacific
Northwest

NATIONAL LABORATORY

Voltage Schedule

Reporting here
by loading. Sort plants by
Other options pr Zp ZmI O”f off-
: sSchequle rrom
[l 8PA/DOE Archive Walker include report desired voil >
by minutes esired voltage
C:) ‘CoordinatesHSettings‘ ‘Results‘ ‘Signal Inspection‘ Available Results: 08/01/2023 00:01:00 - 08/14/2023 23:52:00 hOUf'S an d (,1ays Schedu/e under
g‘ ‘ Forced Oscillations | Out of Range Events | Ringdowns | Wind Ramps | Mode Meter | FRM | VRM | Voltage Schedule ‘ all loading
E Search Start Time: ‘ 08/01/2023 00:01:00 E "‘ Search End Time: ‘ 08/14/2023 23:59:00@ "‘ Report by: ‘ Overview ‘ ‘ Retrieve Detail ‘ 0% / evels
o
% (~) O Federal O 230 kv
- _ O Non-Federal (O 500 kV
& ® Al ® AllkY

240 J

kv

235 ‘\ |

-
=
L

08/01 08/02 08/03 08/04 08/05 08/06

08/07

08/08 08/09

08/10

08/11

08/12

08/13

08/14

08/15

Proportion of time off schedule by loading level

Proportion Off Schedule
=}
(9,

08/01 08/02 08/03 08/04 08/05 08/06 08/07 08/08

08/09

08/10

08/11

08/12

08/13

08/14

Plant Low Med High Palll
Plant05 0.02 4] 0 0
Panto7 0 o Jo 0o
Plant08 0 1] 0 0]
Plant09 0 4] 0 4]
Plant20 0 1] 0 0]
Plant19 0 0 0 0
Plant16 0 4] 0 0
Plant03 0.19 0.04 0 0.06
Plant17 0.22 0.14 0.02 0.09
Plant02 0.37 0.01 0 0.1
Plant18 0.03 0.03 0.16 0.1
Plant13 0.7 0 0 0.19
Plant12 0.33 033 0.51 043
Plant01 042 04 047 044
Plant06 0.3 0.25 0.91 0.64

Note: The Generator follows
the voltage schedule during
the observation period
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Pacific

Northwest

NATIONAL LABORATORY

B8 BPA/DOE Archive Walker

Archive Walker Projects ®

‘Coordinates‘ ‘Settings‘ ‘Results

‘Signal Inspedion‘

Available Results:

08/01/2023 00:01:00 -

08/14/2023 23:59.00

| Forced Oscillations | Out of Range Events | Ringdowns | Wind Ramps | Mode Meter | FRM | VRM ‘ Voltage Schedule |

Search Start Time: ‘

240

kv

230

Proportion Off Schedule
o
(8]

08/01/2023 00:01:00 E = ‘

Voltage Schedule

Search End Time: ‘ 08/14/2023 23:59:00|§|v‘ Report by: ‘ Overview ‘

‘ Retrieve Detail ‘

0%

Cancel

I S
Iy WY Y Y Y [ Y Y T o | |

_08/ 01 08/02 08/03 08/04 08/05 08/06 08/07 08/08 08/09 08/10 08/11 08/12 08/13 08/14 08/15
;8/ 01 ‘ 08/02 08/03 08/04 08/05 ‘ 08/06 08/07 08/08 ‘ 08/09 08/10 08/11 08/12 08/13 ‘ 08/14

O Federal O 230 kv
() Non-Federal () 500 kV
® All ® AllkV

Proportion of time off schedule by loading level

Plant Low Med High :
Plant05 0.02 0 0 0
Plant07 0 0 0 0
Plant08 0 0 0 0
Plant09 0 0 0 0
Plant20 0 0 0 0
Plant19 0 0 0 0
Plant16 0 0 0 0
Plant03 0.19 0.04 0 0.06
Plant17 0.22 0.14 0.02 0.09
Plant02 0.37 0.01 0 0.1
Plant18 0.03 0.03 0.16 0.1

Planti3
Plant01 0.42 04 047 0.44
Plant06 0.3 0.25 0.91 0.64

Note: This Generator deviates
from the voltage schedule
during certain times, and the
proportion off schedule for
different loading levels is
displayed. This plant has
voltage schedule violations
only during low loading in the
observed period.
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Pacific
Northwest

NATIONAL LABORATORY

Voltage Schedule

[l 8PA/DOE Archive Walker

@ ‘CocrdinatesHSettings‘ ‘Results‘ ‘Signal Inspecticn‘ Available Results: 08/01/2023 00:01:00 - 08/14/2023 23:59:00
.g | Forced Oscillations | Out of Range Fvents | Ringdowns | Wind Ramps | Mode Meter | FRM | VRM | Voltage Schedule |
a
5 Search Start Time: ‘ 08/01/2023 00:01:00 El hd ‘ Search End Time: ‘ 08/14/2023 23:59:00@ v ‘ Reportby: | Loading v ‘ Qverview ‘ ‘ Retrieve Detail ‘ 0%
v
2 [
]
=
-
=t
< 4
2540 | . : e 7 T
08/01 08/02 08/03 08/04 08/05 08/06 08/07 08/08 08/09 08/10 08/11 08/12 08/13 08/14 08/15
1
© 4
E 4
o
o 4
&
=
205
=
2 7
£
5 4
o
9 M
e M
0 .
08/ 08/02 08/03 08/04 08/05 08/06 08/07 08/08 08/09 08/10 08/11 0812 08/13 08/14

Proportion of time off schedule by loading level

O Federal O 230 kv
(O Non-Federal () 500 kV
@ All ® AllkV

[ Plant __|__low | _Med | High | __A
02

Plant05 0. 0 0 0
Plant07 0 0 0 0
Plant08 0 0 0 0
Plant09 0 0 0 0
Plant20 0 0 0 0
Plant19 0 0 0 0
Plant16 0 0 0 0
Plant03 0.19 0.04 0 0.06
Plant17 0.22 0.14 0.02 0.09
Plant02 037 0.01 0 0.1
Plant18 0.03 0.03 0.16 0.1
Plant13 07 0 0 0.19
Plant12 033 0.33 0.51 043
Planor _Joaz 04 047 044

Plant0é 03 0.25 0.91 0.64

Note: The Generator deviates
from the voltage schedule
after a certain time. This
provides the initial information
for a user to follow up with
other teams and collaborators
to look for the potential cause,
and solutions if required.
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Northwest

NATIONAL LABORATORY

Extras
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