R10: Sustained Primary Frequency Response Measurement
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R10: Sustained Primary Frequency Response Measurement

Primary Frequency Response Measurement and Rolling Average
Calculation - Sustained Response

Read Deadband, Droop, HSL
and Actual Frequency,
Actual MW

A\ 4
Define Ramp MW

A 4

Actual MW average
during the FME

y
EPFR during the FME

\ 4
Calculate P.U.

Sustained Primary
Frequency Response

Y

Calculate P.U. Sustained
Primary Frequency
Response Rolling Average

Is Rolling Avg
>0.75

Fail R10

Pass R10

<
y

A

End
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R10: Sustained Primary Frequency Response Measurement

Ramp Magnitude = (MW, — MW7.4)*0.59

End
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R10: Sustained Primary Frequency Response Measurement

Start Recovery Period

Start Recovery Period = T-4

End

Event Recovery Period (ERP)

» Read Deadband, HZ ¢ty and t

y

Calculate AHZ=HZ actya — 60

l

Is |JAHZ| < |Deadband|

Event Recovery Time=T

A\ 4

Event Recovery Period = T —t(0)

End
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R10: Sustained Primary Frequency Response Measurement

EPFRpelayea Calculation (Use the droop and deadband as required by R6). For
Combined Cycle Facility evaluation as a single resource (includes MW production
of the steam turbine generator), the EPFR will use 5% droop™ in all calculations.
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R10: Sustained Primary Frequency Response Measurement

Read Hz, Governor Deadband &
Droop*, NDC and Time Constant
(TC)

v

Set i =-70 & Set Time Counter =0

v

If

EPFRigeq[i] = 0
IHzucxualli] — 60| < deadband el 1]

If
(Hzactual[i] - 60) >0

No

(Hz,a[1]1— 60 — Deadband)
(Droop =< 60 — Deadband)

EPFR,,..,[i]= x NDC x (-1)

EPFR,,,[i] = (Hz__,.[i]1— 60+ Deadband)
(Droop < 60 — Deadband)

A 4

=< NDC x (-1)

\ 4

No Is

A

First scan (i=70)?

EPFRdelayed [i] =0

\ 4

EPFR yay00[1] = [TC % EPFR g [i]]+ [(1= TC) x EPFR g [i 1]

- P ERP =Time P
Increment i to next [« No Counter <
scan
Time Counter = Yes
Time Counter + 2
End
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R10: Sustained Primary Frequency Response Measurement

Ramp MW Calculation

RampMW _ lMW(t*D ~ MW g0 = EPFR jeiayen

re-event
P 29

)t EPFRdeIayed(t—(iO)J

MW grry — MW(t_ay + EPFRye1ayea(t-4) — EPFRaeiayeacert)
ERP
Seconds per Scan

RampMWpost—event =
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R10: Sustained Primary Frequency Response Measurement

TargetMW Calculation
Seti=-60 & ERP = False
Is No
i<-2
Yes
Pre Event TargetMW Calculation
Yes Is
i>-2 D
lNo
T(-2) TargetMW Calculation
»| Recovery TargetMW Calculation
Y
Increment i

to next scan ERP is True?
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R10: Sustained Primary Frequency Response Measurement

PreEvent TargetMW Calculation

If
TargetMW([i] >= HSL

Yes

A 4

TargetMW[i] = HSL

If
TargetMWI[i] <= LSL

+ Yes
TargetMW[i] = LSL

»la
Ll
\ 4

End

T(-2) TargetMW Calculation

TargetMW(t-z) = MWActuaI(t—Z)
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R10: Sustained Primary Frequency Response Measurement

Recovery TargetMW Calculation for t(0) through ERT.

eventTargetMWI[i] = TargetMWT[i-2] + RampMW post-eventt (EPFRGelayed[i] — EPFR

delayed [| '2])

If
TargetMW[i] > HSL

Yes

A

A

TargetMW

[i] = HSL

If
TargetMW[i]< LSL

No

TargetMWTIi]= TargetMWT[i-2] + RampMW post-event

»la
L
\ 4

End
TargetMWaq
Zigi’g) (TargetMW[i])
TargetMWy,q = EScans
ActualMW g4
ey (ActualMWIi])
ActualMWg,,, = EScans
RampMW,q
t(ERT
ActualMWe_yy + Ztg+2) )(RampMWpost—event)
kRampMWayg = #Scans
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R10: Sustained Primary Frequency Response Measurement

Sustained Primary Frequency Response P.U. calculation for Low Frequency
Event

No (No Ramp/Small
Down Ramp/Up Ramp)

Yes

If

9)>0

(ActualMW,,q — Actual MW .

Read HZ e, HZpost, TargetMWa,q, ActualMW,q,
RampMW,,q, MWr_4 and InitialEval

p.u. calculation for low frequency event

If p.u.>2.0

Was there an

No
InitialEval ?

Yes

If
(Hzpost - HZpre)< 0

No (high Hz event)

p.u. = No Evaluation

®

Yes (low Hz event)

If
(TargetMW,,q — ActualMW,4) <0

0

Yes (Hard Down Ramp)

If
ActualMW,,q > RampMW 4

If

ActualMW,q > TargetMW,,

Yes

Yes

p.u.=0.75

Yes

p.u=20
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R10: Sustained Primary Frequency Response Measurement

Sustained Primary Frequency Response P.U. calculation for High Frequency
Event

If
(TargetMWoyq —
ActualMW+,4) <0

No (Hard Up Ramp)

If
ActualMW,q < TargetMW, 4

Yes

Yes
(ActualMW g —

ActualMW+,) <0

If

ActuaIMWavg < RampMWavg es

\ 4

p.u. calculation for high frequency
event p.U. = 0.0 p.U. = 0.75 p.U.= 1.0
If p.u. > 2.0 No v y
Yes
A 4

p.u.=2.0 :@
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R10: Sustained Primary Frequency Response Measurement

P.U. Calculation for Low Frequency Event

p.u. calculation for low frequency eventTa@etMW[i] = TargetMW][i-2] +
RampMWpost-event+ (EPFRdelayed[i] - EPFRdeIayed[i‘Z])

If
MW erry < MW g)lf
TaraetMWIil > HSL

No

Yes

ActualMWy,,; — ActualMW ggr)

P.U.PFR =
Resource TaT'getMWavg — ACtuCllMW(ERT)

ActualMWyyg — ActualMW ;_y,
TargetMW,,g — ActualMW . _4)

P.U.PFRgesource =

A 4

'
End ‘

<
<
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R10: Sustained Primary Frequency Response Measurement

P.U. Calculation for High Frequency Event

p.u. calculation for high frequency event

No

Yes

P. U-PFRResource
ActualMWyy,g — ActualMW g

- TargetMWg,g — ActualMW ggr)

b U PFR ActualMWe, g — ActualMW ;_4
T TResouree T Tar get MW,y — ActualMW,_y

\ 4

A 4

End <
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