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Frequency Response Basics

(Using a 1400 MW generation loss event as an example)
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Presenter
Presentation Notes
This will be a key exibit.



Add the trace for the load damping. It should be a linear relationship that directly varies with frequency. The governor response when added to the load damping plot will equal the generation loss at the nadir of the frequency.



Enlarge the fonts on the graph so that they can be seen across the room



Label points A, C, and B. and add a text box of a brief description of each point.

Pre-Event frequency, Frequency Nadir, Settling Frequency



Add the NERC Frequency Response formula



Add the slope line and the formula for defining the slope
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Presenter
Presentation Notes
Delete the equation fro Nadir based frequency response

Modify the slide title to something appropriate


Frequency (Hz)
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Source: 2010. NERC Overview of Frequency Response. NERC

August 4, 2007 1744 Hours Event
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Presenter
Presentation Notes
Find the original spread sheet and plot without grey background 

Draw the Florida UFLS setting line at the time of the event

Add a text box with the calculation of NERC frequency response for the event.

Change title to add that this was a Saturday and the time of the event.



Format this to be consistent with other exibits.


Frequency Performance
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Presenter
Presentation Notes
This is a backup slide just in case we need it. 

Add lines and text boxes to illustrate the Proposed NERC time frames of:

Arresting period

Rebound Period

Settling Period

Recovery Period


Frequency (Hz)

ERCOT May 15, 2003 Event
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ERCOT May 15, 2003 1453 Event

N

3434.23205
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# of Generators

2009 Large Generator Frequency Response (%o capacity/0.1Hz)
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2009 Large Generator Response (%o Capacity /0.1Hz) by LBA
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Deadband mHz

36
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20_\: Only 7 LBAs provided Deadband
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o not included in this graph until its
o 15 data is validated (LBA reported
o 1 zero deadband on all units, yet
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g when frequency dropped)
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Page 10
I




Frequency (HZ)

Frequency Recordings from Different Locations within the Western
Interconnection Following the Sudden Loss of a Large Generator
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Basic Representation of System
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Presenter
Presentation Notes
This will be a key exibit.



Add the trace for the load damping. It should be a linear relationship that directly varies with frequency. The governor response when added to the load damping plot will equal the generation loss at the nadir of the frequency.



Enlarge the fonts on the graph so that they can be seen across the room



Label points A, C, and B. and add a text box of a brief description of each point.

Pre-Event frequency, Frequency Nadir, Settling Frequency



Add the NERC Frequency Response formula



Add the slope line and the formula for defining the slope
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Presenter
Presentation Notes
Delete the equation fro Nadir based frequency response

Modify the slide title to something appropriate


Simple Test System

N

Tripped Q -

Baseloaded O
Responsive Q \/

LOAD, D=1

System size is 100 GW

3 GW of generation tripped

All generators have inertia of 4 seconds

Load damping D=1

Baseloaded generation does not response to frequency, produces
the same MWs

Responsive generation has droop setting of 5% and head room of
3GW

Page 14



Presenter
Presentation Notes
Find the original spread sheet and plot without grey background 

Draw the Florida UFLS setting line at the time of the event

Add a text box with the calculation of NERC frequency response for the event.

Change title to add that this was a Saturday and the time of the event.



Format this to be consistent with other exibits.


N

Different speed of reponse of

“responsive” units
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Blue = gas-turbine unit on governor control

Red = (fast) hydro-power unit on governor control
Green = (ideal) steam-turbine unit on governor control



Presenter
Presentation Notes
This is a backup slide just in case we need it. 

Add lines and text boxes to illustrate the Proposed NERC time frames of:

Arresting period

Rebound Period

Settling Period

Recovery Period


Nadir Frequency will greatly depend

on how reserves are allocated

©0

15 MW reserve with 3.3 MW per 0.1 Hz allocaion
Resereves are fully deployed at 59.65 Hz

100 -
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0 . . . ;

1 2 3 4 5
Unit
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100

15 MW reserve with 10 MW per 0.1 Hz allocaion
Resereves are fully deployed at 59.85 Hz

80
40 4
20 -
0 - T T T T
1 2 3 4 5
Unit

B RESERVE
OGEN

On the left side, all the reserves are put on a single unit. On the right, the reserves are

spread among three units. With the same droop setting, the frequency drop for the

case on the left case will be three times the frequency drop for the case on the right

side.
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N

Importance of Deployment Rate

o-0 . Tima( s8c h
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20 GW of generating capacity (red)
25 GW of generating capacity (blue)
30 GW if generating capacity (green)
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N

Frequency Response Sustainability
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Blue = frequency response is sustained
Red = generator has a “slow” load controller returning
to MW set-point
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2,812 MW RAS event June 17, 2002
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N

2,815 MW RAS event on May 20, 2008

Sy=dewn Fregpeescy_ by X 200% event




N

West Wing fault in Arizona on June 14, 2004
3,900 MW lost at O seconds on plot scale

Sy=iem Fequecy_ Juse 14 204 evend

-4 - [ | ] -| . = 1=
Thme e

I —C ouiael 00 Fequency (HE) — JorriD ayS00 Yeguengy HE il ain500 eguengy HID I




N

West Wing fault in Arizona on June 14, 2004: Captain — Jack —
Olinda 500-kV line was out of service during the disturbance
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Typical Frequency Traces Following a

Unit Trip

Typical average response - One Minute View using Phasor data at 10 mSeconds
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MW/ 0.1 Hz
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MW/ 0.1 Hz
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Florida Disturbance — Non-Local Impacts
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Typical Frequency Traces Following a

Unit Trip

Typical average response - One Minute View using Phasor data at 10 mSeconds
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Classic Frequency Excursion Recovery

Frequency (Hz)
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Typical Frequency Response
Eastern Interconnection

0997 / Response “Withdrawal”
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Depiction of Inertial Response
60.06 - : : . : i _

59.97

0.027438 HZ/Sec

29.94 -

59,91

Frequency 50.88

inHz | 0.066403 HZ/Sec
59.85 - T &
Ea.g2 |

29.79 -

59.76 |

59.73 4

0.7 -
50 33 6 59 62 €5 68 7l 74 7 a0

Timein Seconds

Eventwith 837 MW Trip (March, 2010) ERCOT Load was 23655 MW with 27,499 MW of total Conventional Generation
Eventwith 830 MW Trip (July, 2009) ERCOT Load was 49,209 MW with 55,609 MW of total Conventional Generation

35




N |
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Governor response is
proportional at the dead-
band reaching 5% at 3 Hz

deviation
Frequency| Grid Frequency
Deviation |Frequency] Response
Hz Hz MW Droop %

-0.04000 59.96000 469287  8.52357%
-0.03900 59.96100 449175  8.68258%
-0.03800 59.96200 429064  8.85650%
-0.03700 59.96300 4.08952  9.04752%
-0.03600 59.96400 3.88840  9.25830%
-0.03500 59.96500 3.68728  9.49208%
-0.03400 59.96600 3.48617  9.75283%
-0.03300 59.96700 3.28505 10.04551%
-0.03200 59.96800 3.08393 10.37636%
-0.03100 59.96900 2.88281 10.75338%
-0.03000 59.97000 2.68170 11.18694%
-0.02900 59.97100 2.48058 11.69081%
-0.02800 59.97200 2.27946 12.28359%
-0.02700 59.97300 2.07835 12.99110%
-0.02600 59.97400 1.87723 13.85020%
-0.02500 59.97500 1.67611 14.91548%
-0.02400 59.97600 1.47499 16.27125%
-0.02300 59.97700 1.27388 18.05512%
-0.02200 59.97800 1.07276 20.50786%
-0.02100 59.97900 0.87164 24.09245%
-0.02000 59.98000 0.67052 29.82737%
-0.01900 59.98100 0.46941 40.47654%
-0.01800 59.98200 0.26829 67.09147%
-0.01700 59.98300 0.06717 100.00000%
-0.01600 59.98400 0.00000 100.00000%

0.01666 Hz Dead-Band

Governor response
“Steps” to the 5%
droop curve at the

Dead-band

dead-band

Frequency| Grid Frequency

Deviation |Frequency] Response
Hz Hz MW Droop %
-0.04000 59.96000 8.00000  5.00000%
-0.03900 59.96100 7.80000  5.00000%
-0.03800 59.96200 7.60000  5.00000%
-0.03700 59.96300 7.40000 5.00000%
-0.03600 59.96400 7.20000  5.00000%
-0.03500 59.96500 0.00000 100.00000%
-0.03400 59.96600 0.00000 100.00000%
-0.03300 59.96700 0.00000 100.00000%
-0.03200 59.96800 0.00000 100.00000%
-0.03100 59.96900 0.00000 100.00000%
-0.03000 59.97000 0.00000 100.00000%
-0.02900 59.97100 0.00000 100.00000%
-0.02800 59.97200 0.00000 100.00000%
-0.02700 59.97300 0.00000 100.00000%
-0.02600 59.97400 0.00000 100.00000%
-0.02500 59.97500 0.00000 100.00000%
-0.02400 59.97600 0.00000 100.00000%
-0.02300 59.97700 0.00000 100.00000%
-0.02200 59.97800 0.00000 100.00000%
-0.02100 59.97900 0.00000 100.00000%
-0.02000 59.98000 0.00000 100.00000%
-0.01900 59.98100 0.00000 100.00000%
-0.01800 59.98200 0.00000 100.00000%
-0.01700 59.98300 0.00000 100.00000%
-0.01600 59.98400 0.00000 100.00000%

0.036 Hz Dead-Band

600 MW Steam Turbine 5% Droop Setting

Dead-band




Close up look at +/-0.0166 Hz Dead Band with No Step Implementation
600 MW Generator

Capability (MW) 600.000 Frequency Response Deadband Setting

0.0166 Hz

)
o
c
<

=

O
=
=

No Step response at
dead-band.

-150.00
59.50 59.55 59.60 59.65 59.70 59.75 59.80 59.85 59.90 59.95 60.00 60.05 60.10 60.15 60.20 60.25 60.30 60.35 60.40 60.45 60.50

Hz

— Droop Setting 5.00%




Close up look at +/-0.036 Hz Dead Band with Step Implementation
600 MW Generator

Capability (MW) 600.000 Frequency Response Deadband Setting

0.036 Hz

©
o
c
<
<
O
=
=

Step response at
dead-band.

-150.00
59.50 59.55 59.60 59.65 59.70 59.75 59.80 59.85 59.90 59.95 60.00 60.05 60.10 60.15 60.20 60.25 60.30 60.35 60.40 60.45 60.50

Hz

— Droop Setting 5.00%
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Hz

Initial P.U. Performance 1.04 378 MW Steam Performance Friday, August 20, 2010

o Turbine
Spinning Reserve  77.72
60.10 + -+ 320.0
60.08 | t(0) MW 1 318.0
60.06 + + 316.0
+ 314.0
> 312.0
,‘V“v-\?m?
T W + 310.0
308.0
|| The Expected Governor \ s
59.96 ) ) 306.0
|| response (100% brown line) is \ 4
59.94 304.0
5090 || adjusted for starting frequency, |/ 302.0
s9.90 { | droop setting and dead-band. \/ﬂ 1 300.0
59.88 1—02437 | HZ Change * 298.0
59.86 121.4968 = MW Change 296.0
59.84 + 1552 | Standard Minimum Performance MW + 294.0
59.82 1+ 20.69 Ideal MW change Adjusted for db and limiting factor, 1 2920
29.05 |ldeal MW change based on droop setting and deadban
0980 4 o e 0000000000 0000000000nttpan X 290.0
59.78 AR R 288.0
59.74 1 10.45% | Standard Minimum Performance 1 2840
5972 | 7.83% | Ideal Droop Adjusted for db and limiting factor 1 2820
o :
59.70 5.58% | Ideal Dro?p based op droop setting and caeadband % % % % % 280.0

15:24:42 15:24:52 15:25:02 15:25:12 15:25:22 15:25:32 15:25:42 15:25:52 15:26:02 15:26:12 15:26:22 15:26:32 15:26:42
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MW

P.U. Performance of Sustained

0.753 378 MW Steam Turbine
Frequency Response
360 T + 60.1
356 /VA\/A/A\W w/‘ww/\w\wwv‘/\w W/ 60.08
352 i — 2 60,06
348 S | 60.04
344 60.02
340 Hz = 60
336 Expected MW / // 59 98
332 output, ramp /4 P | 59.96
plus governor / /
7 // '\
324 : / /J - 59.92
320 ¥ / /] MW 59.9
316 7 / 1 59.88
312 i 59.86
308 // JJV/ WSl v 1 59.84
[ N | & |
304 J 59.82
300 /M /‘\ 1 59.8
296 50.78
292 A : 0.76
T — AGC Ramp The steeper the ramp during the -
frequency recovery period, less governor
. 0.72

284 response must be delivered to meet the
280 | measure. o7

9 9 9 9 9 9 9 9 9 v . v v v v v v
S ST - L S SR S AT PR M S S

N N <\ L\ - - N LN N N M - E - M
— MW Target MW ——HZ

Hz
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367 Pre-Event HSL 378 MW Steam Turbine Friday, August 20, 2010
77.72 Spinning Reserve 1.049 Initial P.U.
60.10 390

60.08 384
60.06 378
60.04 372
60.02 366
60.00 360
59.98 354
59.96 348
59.94 342
59.92 336
59.90 330
59.88 324
59.86 318
59.84 312
59.82 306
59.80 300
59.78 294
59.76 288
59.74 282
59.72 276

59.70 270
15:10:00 15:15:00 15:20:00 15:25:00 15:30:00 15:35:00 15:40:00 15:45:00 15:50:00 15:55:00 16:00:00 16:05:00 16:10:00

—— Frequency —— 378 MW Steam Turbine
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Generation with Governor Settings per Draft
Regional Standard

 Digital and Electronic Governors set with a
Dead-band less than or equal to +/-0.01666 Hz
and droop curve with no step function.

« Mechanical Governors with a maximum +/-0.034
Hz Dead-band

« 14,258 MW Total Capacity ldentified.
* 1690 MW Steam Turbine — Lignite fired
« 5534 MW Steam Turbine — Coal fired
« 3780 MW Combustion Turbine Combined Cycle
* 1519 MW Combustion Turbine Simple Cycle
« 1224 MW Steam Turbine — natural gas fired
« 240 MW Hydro
e 271 MW Wind Generators *



One Minute Occurances
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January thru August 2008 0.036 db vs. 2010 0.016 db
MW Minute Movement of a 600 MW Unit @ 5% Droop

368360.3 2010 MW Response of 0.0166 db  23.89% Decrease in MW
movement with

lower deadband.

484006.0 2008 MW Response of 0.036 db
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Typical A-C-B curve

Décl. T2 poste Micoua 735-315 kV - 14:11:50,5 mar. 02 janvier 2009
(Perte de prod. : 1937 MW) (3 gr. Manic 3, 7 gr. Manic 5, 2 gr. Toulnustouc)

Tension et fréquence a Boucherville 735 kV (min. 59,67 Hz)

60.2 750
60.0 748
\
59.8 1 \ + 746
\
\
59.6 L 744
r 742 kv
59.2 - r 740
59.0 r 738
58.8 - 736
58.6 T T T T T T T T T T T T T T T T T T T 734
0 (=] (=] ~ o 0 o] (=] ~ oo 0 w0 o ~ oo o <] (=] ~ = 0
= < wn wn wn wn wn (=] o o o o — — — — — o~ ~ ~ ~
- - - - - - - ~ ~ A~ ~N ~ ~ ~ A~ ~N I ~ ~ A~ ~
= k> b - - i k> b b - i k> b b - o = by b - i
- < T - - - < T T - - < T T - T - - T - -
- - - - - - - - - - - - - - - Ll - - - - -
SMDA 5 hre:mn:ss 090102 1411 BOU_Fq.xls
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MSSC as a function of Sync Generation

PPPC en fonction de la puissance effective de stabilité; 3 CS Duv et G2 avec mbpss

|—e—actuel 3.8% —8—RMCC —4— LG2 —*— Actuel 3% |
1800 / //
1700

1600

1500 ~

1400

1300 +

PPPC MW

1200 +

1100 /
1000 - /

900 - >

800 -

700 -
9000 11000 13000 15000 17000 19000 21000 23000 25000 27000 29000 31000 33000 35000

Puissance effective de stabilité MW




Stabilization of the frequency

Décl. T2 poste Micoua 735-315 kV - 14:11:50,5 mar. 02 janvier 2009
(Perte de prod. : 1937 MW) (3 gr. Manic 3, 7 gr. Manic 5, 2 gr. Toulnustouc)

Tension et fréquence a Boucherville 735 kV (min. 58,67 Hz)(max. 60,21 Hz)

60.4 765
60.2 In\ T 760
A
|V

r} \:’\\Jﬁ\n /\

60.0 Wa) Py SO N Pk V.Y _ f 755
59.8 4 r 750
59.6 4 - 745
59.4 L 740
50.2 - r 735
59.0 4 ‘ + 730
58.8 1 T 725
58.6 L e o o L s e e o e I B e L B o e o LN B s mes S 720

N O~ OO O AN MSWmOMN®DOOOo - ™M WmWYNSOOo 4N MmS N WYRGO o

eeegooponHoOnnoOadnN Ao OODO0O0nOnng

< % & o ¥ & & o o & & & o & & & F o & & o F o & & & o & & o & o F & o oF

— I = - o~ — - o~ — ~ — - o~ - — - o~ — - o~ — ~ — — - — — — - o~ — i

SMDA 5 hre:mn 090102_1411_BOU_Hz.xls
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Required Frequency Responsive Reserve
as a function of MSSC

PPPC en fonction de la réserve de stabilité
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/ / —&— Centrales
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1100 /
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Frequency ( Hz)

Balancing Authority — Energy Management System Scan

Hz
50.05

&50.04
60.03
60.02
60.01
60.00
58,99
59,98
58.97
59.96
58,95
58.94
58.93
58.92
58.91

rate data for determining frequency response

Mw
0
I | l I I
= Frequency = PointA & F*uint‘B ——MNetMetered 1 _o00
+ -400
T~ N
T~ _\.,__‘ /] 1 -600
_f"-'--..-'""-.__...-'
1~1 \ T -800
\\\ \ -1000
\| S 1120
—
+ -1400
- -1600
-
1 -1800
-2000
1 6 1 16 21 26 L 46 51 56 61

Observation

count

MNet Actual Interchange
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Scan Rate Factors in determining Frequency response — (not finalized)

Definitions of Frequency Values for Frequency Response Calculation

Scan Rate TO Scan A Value {average) B VYalue (average)
6-Seconds Average of T-1 through T-2 scans Average of T+4 through T+8 scans
5-5econds Idgnt!ﬁr first Average of T-1 through T-2 scans Average of T+5 through T+10 scans
significant
4-Seconds change in Average of T-1 through T-3 scans Average of T+6 through T+12 scans
frequency as
3-Seconds 9 v Average of T-1 through T scans Average of T+7 through T+17 scans
the TO scan
2-5econds Average of T-1 through T8 scans Average of T+10 through T+26 scans
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Scan Rate Data highlighting scan cycle samples — (example data)

Net — Balancing Area values

NI, NI,

Time F sched Actual ACE [ndex

SEC

T-20 sec 5223 BO.O01  -59.1 347 146.4 5

1
T-16 zec 1:42:27  BOOOM -B0O.3 -18.7 153.8 27
1:52:31 594844  -BO5 -28.3 137.4 28
1:52:35 5948484 -61.4 -42.7 114.3 24
1:92:39 99484 -B1.4 -62.4 24.0 2
T+0 58t 1:52:43 59867 -B1.7 224 144.0 a1
T+04 sec 1:52:47 599461 -60Z 54.0 1a87.0 32
T+08 sec 1:52:481 59857 -BO.3 2405 30453 33
T+12 sec 1:52:85 59836 -B1.4 2704 2014 a4
T+16 sec 1:52:69 594954 -B1.5 2834 2857 35
1:53:03 59855 -6OA1 2654 2154 3Ei|
1:9307 994835  -99.7 237 160.7 ar
1:5311 594957 -BO.Z 2284 1211 a8
1:5319 599857 -BOE 2003 704 a4
1:5319 594957 -598 219.2 4451 40
1:5323 5994835 -B11 2031 16.3 41
1:53:27 59855 -593 2131 -15.6 42
1:5331 994857 -54.0 14958 -52.3 43
1:53:35 59857 -597 2237 -47.49 44
T+40 sec 1:53:39 598956 -59.7 2391 -52.4 45
T+60 sec 1:63:43 594956  -F1.2 21249 -93.7 45




Total Clock-Minutes
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Total Clock-Minutes of Frequency below 59.95 Hz*

Eastern Interconnection

This chart illustrates the monthly total P *Under the proof-of-concept field test of the Balancing Authority ACE Limit ("BAAL") under NERC
minutes of FTL,, being exceeded Project 2010-14 inthe EasternInterconnection, 59.95 Hz represents the low Frequency Trigger
Limit from which the BAAL is calculated for each participating Balancing Authority. The BAAL is
an ACE limit which becomes more restrictive as the Interconnection frequency deviates further
M from 60 Hz, driving real-time operating decisions supportive of the Interconnection frequency .
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Total Clock-Minutes

Total Clock-Minutes less than 59.95 Hz or greater than 60.05 Hz :
Eastern Interconnection

[1* This chart illustrates the monthly total minutes of
FTL,,, Plus FTL ;. being exceeded.

225

200 ]

175 = B ]

150 1 I . = .

125 T——=1—1—HAA =10 HE R ER - A als

(e ielelele e lainlsintnlalalntalalalalmmtnla alalaluin slula slnlaln als

chninlalsinlslsinlsininlnlntalnla's s luinlalalnlalalalslninlalslnlainlalainials = 100

2005 2006 2007 | 2008 | 2009 | 2010

789101112123456789101112123456789101112123456789101112123 4567 89101112123 45678

Month
*March 2007- chands4o the

new Daylight Saving Time.

OTotal Minutes at 60 Hz O Addition Minutes During Time-Error Corrections




Total Generation Fleet
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Eastern Interconnection Frequency Response
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