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Section |

Scope of Responsibility

PJM PLANNI NG AND ENG NEERI NG COWM TTEE( *)
GENERATOR UNAVAI LABI LI TY SUBCOW TTEE
SCOPE OF RESPONSIBI LI TY

The PJM Generator Unavailability Subconmittee (GUS) is responsible to the PIM
Pl anni ng and Engi neering Committee (P&E) in all matters concerning the projection of
generating unit unavailabilities, as required for PIMReliability and Capacity
Al'l ocation studies. The Subconmittee shall also be responsible for other data
requi red for specific planning applications.

To execute this charge, the Subcommittee shall devel op and maintain
unavai lability rate definitions consistent with the purposes defined above. The
Subcommi ttee shall al so nmonitor and assess industry outage trends and tools to
determine their utilization for PIJM applications.

The Subconmittee is responsible for the preparation of two docurments titled
"Forced Qutage Rates and Unavail abl e Capacity Due to Planned and Mi ntenance Qutages
for the PIJM Suppl emental Agreenent" and "Forced Qutage Rates and Schedul ed Qutage
Data for Planning Studies." These docunents provide data for Capacity Allocation
and Reserve Requiremnment studies.

The Subconmittee shall also maintain, but will not be linited to, the PIM
CGenerator Qutage Rate Program (GORP) for historical data anal ysis.

Specific activities include:

(1) Update the "Report on Generating Unit Qutage Definitions - Appendix B", as
required.

(2) Updat e, annually, "Forced Qutage Rates and Unavail able Capacity Due to Pl anned
and Mai ntenance Qutages for the PJM Suppl emental Agreenent" and "Forced Qutage
Rat es and Schedul ed CQutage Data for Planning Studies."

(3) Provi de projections of class average outage rates for new units.

(4) Moni tor the industry for general trends and outage rate cal cul ation tools.

(5) Provi de miscel |l aneous reports and statistics required by other
Commi ttees/ Subcommittees, e.g. "Production Cost Study Qutage Rate Report."

(6) Recommend refinenents in PJM outage data collection procedures, as required.
(7) Mai ntain the Generator Qutage Rate Program for historical data analysis, and

expand, as necessary, to fit other applications.

11/3/78 P&E - 6

(*) Excerpted fromthe Novermber 28, 1978 letter to the Management Committee from
S.C. Thormas, P&E Committee chairman, which transmtted revi sed Scopes of
Responsibilities for all P& comittees.
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PJM Capacity and Transmi ssion Pl anni ng Subcomittee
Edi son Electric Institute

Generating Availability Data System

PJM Generating Capability Rating Procedures Task Force
General Electric, Baltinore Gas & Electric Reliability Program
Generat or Qutage Rate Program

PJM Generator Unavailability Subcomrittee

Synonym f or GORP

Institute of Electrical and El ectronic Engineers

PJM Load and Capacity Worki ng G oup

PJM Managenment Conmittee

North American Electric Reliability Counci

PIJM Operating Comittee

PJM Production Cost Task Force

PJM Pl anni ng and Engi neering Comittee

PIJM Reliability Methods Task Force

PJM System Rel i ability Task Force

Forced Qutage Rate

ui val ent Demand Forced Qutage Rate
Ef f ecti ve Equi val ent Demand Forced CQutage Rate
Equi val ent Forced Qutage Factor

Mai nt enance CQut age Fact or

Equi val ent Mai nt enance Qut age Factor
Pl anned Qut age Factor

Equi val ent Pl anned CQut age Fact or
Schedul ed Qut age Fact or

Operating Availability Factor
Equi val ent Availability Factor

Avai |l abl e Hours

Ful | Forced Qutage Hours

Forced Partial Qutage Hours

Equi val ent Full Forced Qutage Hours

Equi val ent Forced Partial OQutage Hours
Ful I Mai nt enance Qut age Hours

Mai nt enance Partial Qutage Hours

Equi val ent Ful |l Maintenance Qutage Hours
Equi val ent Mai ntenance Partial Qutage Hours
Peri od Hours

Ful I Pl anned Qutage Hours

Pl anned Partial Qutage Hours

Equi val ent Full Pl anned Qutage Hours

Equi val ent Pl anned Partial Qutage Hours
Equi val ent Pl anned Qut age Extension Factor
Reserve Shutdown Hours

Servi ce Hours

Unpl anned Qut age Hours

partial f-factor
full f-factor
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Section |11
Definitions and Equations

Definitions

For ced CQut age:
An out age that cannot be postponed beyond the end of the next weekend.

Mai nt enance Qut age:
An outage that can be postponed beyond the end of the next weekend, but
requires the unit be renoved before the next planned outage.

Pl anned Qut age:

An outage of predetermned |length that is scheduled well in advance of its
occurrence. The outage must be included in a regularly issued naintenance
schedul e at | east one nonth prior to the starting date of the outage; i.e.

t he outage nust appear in two consecutive issues of the PIM Unit Maintenance
Schedul e prior to starting the outage.

Non-curtailing Qutage:
The renoval from service of spare or redundant equi prent (i.e., ngjor
conponents or entire systens) for repairs which causes no unit outage or
capacity reduction.

Post ponability Code 9 Qutage:
A routine, periodic outage (e.g., deslagging, condenser cleaning, etc.) which
both starts and ends during a single valley |load period (i.e., the time period
from22:00:01 to 08:00:00, inclusive).

Def erred Mai nt enance:
The classification of forced outage tine (full or partial) for a unit with
repairs deferred for at | east 90 days due solely to conpany financial
constraints.

Peri od Hours:
The total clock tinme in the period of concern

Servi ce Hours:
The tine a unit is electrically connected to the system

Reserve Shutdown Hours:
The tine a unit is available for service but not dispatched due to econom cs
or other reasons.

Avai | abl e Hours:
The tinme a unit is capable of producing energy, regardless of its capacity
| evel

Demand Hours:
The tine interval each day on a particular systemin which there is a heavy
demand for electricity. For PIJM it is the time period beginning 8:00:01 and
endi ng 22:00: 00, inclusive.

Equi val ent Qut age Hours:
The nunber of hours a unit was involved in an outage, expressed as equival ent
hours of full outage at its maxi num net dependabl e capacity. Equivalent hours
can be cal cul ated for forced, maintenance, or planned outages. Overlapping
partial outage hours are not permtted in PJM outage rate cal cul ati ons and
overlaps are elimnated according to an outage type hierarchy. (Refer to
Equation 1, page 5.)

Equi val ent Denand Forced Qutage Rate:
The portion of tine a unit is in demand, but is unavailable due to a forced
outage. (Refer to Equation 2, page 5.)




Page 4

Section |11

Definitions and Equati ons

Definitions (continued)

Equi val ent Forced Qutage Factor:
The portion of tinme a unit is unavail able due to forced outages. (Refer to
Equati on 3, page 5)

EPCEF:
The ratio of EPOF (with SE's included) to EPOF (with SE s excl uded).

Equi val ent Mai nt enance Qut age Factor:
The portion of tine a unit is unavail able due to nai ntenance outages.
(Refer to Equation 4, page 5.)

Equi val ent Pl anned Qut age Factor:
The portion of tinme a unit is unavail able due to planned outages. (Refer
to Equation 5, page 6.)

Qperating Availability Factor:
The portion of tine a unit is available to operate.

Equi val ent Availability Factor:
The portion of tinme a unit is available to operate, recognizing equival ent
partial outage time. (Refer to Equation 7, page 6.)

Ef f ecti ve Equival ent Demand Forced QOutage Rate:
The forced outage rate used for reliability and reserve nargin
calculations. (Refer to Equation 8, page 6.)

Equi val ent Schedul ed Qutage Factor:
The pl anned outage rate used for reliability and reserve nmargin
calculations. (Refer to Equation 9, page 6.)

Vari ance:
A neasure of the variability of a unit’'s partial forced outages which is
used in reserve margin calculations. (Refer to Section V, ItemE, page
35.)

f-factor:
Fact ors whi ch have been adopted by PIMto scale the total number of forced
outage hours to reflect those which occur during demand hours. Separate
factors exist to adjust full (f,) and partial (f) outage hours. (Refer to
Equati on 10, page 6.)

Pl anni ng Peri od:
The continuous tine period beginning 00:00:01 on June 1 of a given year and
endi ng 24:00: 00 on May 31 of the follow ng year

Mature Unit:
A unit having at least three full cal endar years of operating experience
for Suppl enental Agreenent usage or at least five full cal endar years of
operating experience for reliability cal cul ations.

| mmature Unit:
A unit having between zero and three full cal endar years of operating
experi ence for Suppl emental Agreenent usage or between zero and five ful
cal endar years of operating experience for reliability calcul ations.

Future Unit:
A unit to be placed in service at sone future tinme, as indicated in a
forecast installed capacity schedul e.
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Section |11

Definitions and Equations

Definitions (continued)

| nactive Status:
The classification of a unit which is unavailable for an extended period of
ti me because of its renoval from service for econonic or non-equi pnent rel ated
reasons.

Mot hbal | ed Unit:
A unit placed on inactive status.

Equat i ons

1. Equi val ent Qut age Hours:
The follow ng equation is applicable to forced, maintenance and pl anned
capacity derations.

(D * T)
E =
i C
wher e E = equival ent outage hours,
D = capacity deration for outage i, MN
T = time accunmul ated during outage i
hours, and
C = unit maxi num net dependabl e capacity
at the tine of this outage, MN
NOTE: The capacity can change if the
out age extends over 1 or nore nonths.
2. Equi val ent Denmand Forced Qutage Rate:
f,* FOH + f_ * EFPCH Not e:
EFOR, (% = * 100% EFPOH = EFOH - FOH
SH + f, * FOH
3. Equi val ent Forced Qutage Factor:
EFOF (% = EFOH * 100% = FOH + EFPOH * 100% Not e:
PH PH EFPCH = EFOH - FCOH
or
EFOF (weeks/year) = EFQH * PH
PH n* 168
where n is the nunmber of years of accumul ated outage hours.
4. Equi val ent Mai nt enance Qut age Factor:
EMOF (%9 = EMXH * 100% = MXH + EMPCH * 100% Not e:
PH PH EMPCH = EMH - MOH
or
EMOF (weeks/year) = EMXM * PH

PH n * 168

where n is the nunber of years of accumul ated outage hours.
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Section |11

Definitions and Equations

Equati ons (conti nued)

5. Equi val ent Pl anned CQut age Factor:
EPOF (% = EPOH * 100% = POH + EPPOCH * 100% Not e:
PH PH EPPOH = EPOH - PCH
or
EPOF (weeks/year) = EPOH * PH

PH n* 168
where n is the nunmber of years of accumul ated outage hours.

6. Equi val ent Pl anned Qut age Extensi on Factor:

EPOCEF = EPOF (w SE i ncl uded)
EPOF (w SE excl uded)

7. Equi val ent Avail ability Factor:
EAF (% = AH - : (EFPOH + EMPOH + EPPOH) * 100%
PH
8. Ef f ecti ve Equi val ent Demand Forced Qutage Rate: "’
EEFOR, (% = EFOR, (% + 1/4 * EMOF (%
9. Equi val ent Schedul ed Qutage Factor: ‘”

The equi val ent schedul ed outage factor can be expressed in either % or
weeks/year using the equation

ESCF = EPCF + 3/4 * EMOF
10. f-factors: ®®
f, = Ur + UT
r + 1T + 1D
where r = average forced outage duration
= FOH
nunber of forced outages
T = average tinme between calls for a unit to run
= RSH
nunber of attenpted starts
D = average run tine
= SH
nunmber of successful starts
and
f, = SH |
p AHE\

(1) Since GEBCE can only accommpdate two outage rates, the naintenance outage
factor nmust be allocated to one, or both, of these rates. A rationale for
proportioning it as shown is contained in the docunent "Report on the Study of
Load Mbdels and Reliability Program Features," Section | - GEBGE Options,
pages 5-7 (Random Mai ntenance), issued March, 1972 by the PJM Capacity and
Transm ssion Planning Subcommttee. The original decision, presumably nade by
the PJM Pl anni ng and Engi neering Conmittee, predates the indicated report.
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Section |11

Definitions and Equations

Equati ons (conti nued)

(2) The full f-factor was adopted for use by PIMwi th the acceptance of the
"Report on Generating Unit CQutage Definitions" issued in Novenber, 1972 by the
PIJM Cperating and P& Conmittees. Refer to Section V, Item A, page 25 for the
derivation of the full f-factor.

(3) The current definition of the partial f-factor was pr0ﬁosed by the GCenerator
Unavail ability Subcomm ttee, and approved for use by the Pl anning and
Engi neering Committee at its 260th neeting held March 8, 1982.

11. Forced Qutage Hour Adjustment for a Unit Partially on
Def erred Mai nt enance: (*)

Aunit with a forced partial outage classified as Deferred Mintenance for
Economi ¢ Reasons will have its outage rate adjusted to exclude the deferred
artial outage hours. The total equivalent forced partial outage hours in the
atest 'n’ full calendar years of operating experience will be reduced based
on the deferred mai ntenance partial outage hours occurring within that w ndow
as given by the follow ng equation
" EFPOH = EFPOH - (1 - EFOR,) * (PH, - OH) * (MAL/ MA,)
ere:
EFPOH = adj usted equival ent forced partial outage hours,
EFPOH = eqU|vaI$Pt forced partial outage hours for the current 'n year
peri od,
EFOR, = equival ent demand forced outage rate for the last 'n* ful
cal endar years of history prior to the start of Deferred
Mai nt enance (per-unit), )
P = deferment period hours enconmpassed by the current 'n’ year period
= full forced, maintenance and pl anned outage hours that occur
within the deferment period hours of the current 'n' year
peri od, ) .
, = amount of capacity on deferred maintenance (MN
. = unit net sunmer installed capacity rating (MY, and
n = appropriate number of cal endar years:
3 for reserve allocation usage, or
5 for reliability (GEBGE) usage.
The following tine |ine shows the relationships of the above outage hours:
S L Current Three Year Period for Contract --------------- >
R L Equi val ent Forced Partial Qutage Hours (EFPOH) ----------- >
<--- Remuining Defernment Period (PH ---> _ _
( Unit @Reduced Capacity ) ( Unit @Full Capacity )
| <-- Full Qutage Hours (OH) -->|
A L MaximumOH -------------- >
for EFPOH cal cul ation
NOTE: Refer to Section V, Item D for additional information.
(*) A conpany can request that the portion of a forced outage event, associ ated

with a deferral of repairs for a period of at |east 90 days due solely to
conpany financial constraints, be excluded from consideration as a forced
outage. The PJM Cperatlnﬁ Conmittee has the jurisdiction to act on such re-

uests with advice fromthe Miintenance Conmittee and I nterconnection Ofice.

equests are to be submitted in accordance with the "Revised Guideline for
Classification of Extended Duration Qutages Resultlng from Voluntary Deferra
of Repairs to CGenerating Units," as transmitted to the Operating Comittee
via letter fromM. D.J. Pratzon dated June 15, 1979.
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Peri odi c Reports

The CGenerat or
and issue several reports for

outage rate information needed to performreliability,
reserve requirement and production studies for the
schedul ed due dates and recipients of these reports

al l ocati on of forecast

I nt erconnection. The nanes,
are:
Repor t
Prelimnary Suppl emental Agreenent
Qut age Data Report (Tables |

Suppl enent al

Pl anni ng Study CQutage Data Report
(Final Table I1)

Cover
and Engi neering chairman.
the GUS nenbers.

Copi es of the cover

la & 11)

Agreenment Qutage Data Report

I nt r oducti on

Unavail ability Subcommittee is required to periodically conpile
use by other groups within PIM

These reports provide
reserve requirenent,

Due Date Reci pi ent (s
April 1 P&E

June 1 P&E

Cct ober 1 P&E, C&TPS, L&CWG

February 15

letters for these reports are to be addressed to the incunbent Pl anning
letters and reports are to be sent to
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Section IV
Peri odi c Reports

Prelim nary Suppl enental Agreenent Qutage Data Report

Qut age data, based on the latest three full cal endar years of operating
experience excluding 1.0 code 9 outages (i.e., routinely occurring off-peak
outages), is used in the PIJMcapacity allocation fornmula to deternine each nenber
conpany’s capacity requirement. This data is provided to the PIM Pl anning &

Engi neering Committee for use in estimating new forecast reserve obligations. The
report contains the weighted average equi val ent denmand forced outage rate and the
total unavail abl e capacity due to planned and mai nt enance outages sumari zed by
conmpany for 10 consecutive planning periods starting June 1 of the current year

The information provided in this report is prelinmnary for several reasons:

(1) The company forced outage rates are calcul ated using the | atest avail able
NERC/ GADS out age data which may contain errors or inconsistencies at the
time this report is due;

(2) The unavail abl e capacity due to forced outages are cal cul ated using the
| at est avail abl e NERC/ GADS f orced outage hours which may contain errors
or inconsistencies as the Prelininary report is due. Al so, the capacity
pl ans are subject to change after the issuance of this report.

(3) The unavail abl e capacity due to planned and nmi nt enance outages is subject
to capacity and current year naintenance schedul e changes between the
i ssuance of this report and the Suppl emental Agreenent CQutage Data
Report.

The report is organi zed as fol |l ows:

Transnmittal Letter

Table 1. PJM Conpany Average Equi val ent Demand Forced Qutage Rates
Table la. PJM Conpany Average Forced Unavail abl e Megawatts
Table I'l. PJM Conpany Pl anned and Mai nt enance Average Unavail abl e Megawatts

The information contained in these tables is determined using the procedures
outlined in the "Suppl emental Agreenent CQutage Data Report" and will not be re-
peat ed here.

Each conpany’s representative is to breakdown the conpany EFOR for the
pl anni ng period being fixed and for |ast year's estimate for this sane planning
period into major contributors and distribute the results, as shown in Figure F1.2,
to all Generator Unavailability Subcomittee nenbers for their information. This
i nformati on shoul d be passed on to the P& committee for its review

The PJM nenber conpany representatives are responsi ble for deternining and
supplying the required infornmation to the i ncunbent GUS chairman. The GUS chairman
is responsible for conpiling the tables and issuing the report.

An abbrevi ated sanple of this report is included in Section VI, Figure FL1.
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Section IV
Peri odi ¢ Reports

Suppl ement al Agreenent Qut age Data Report

Qut age data, based on the latest three full cal endar years of operating
data and excluding |I.O code 9 outages (i.e., routinely occurring off-peak
outages), is used in the PIMcapacity allocation fornmula to deternine each
nmenber conpany’s capacity requirenment. This data is provided to the PIM
Pl anni ng & Engi neering Conmittee for use in the Suppl emental Agreenent,

Al'l ocati on of Forecast Requirenent runs.

The report contains individual unit equival ent demand forced outage rates,
wei ght ed average equi val ent demand forced outage rates, average unavail abl e
capacity due to forced outages, and the average unavail able capacity due to
pl anned and mai nt enance outages, all sunmarized by conpany for ten consecutive
pl anni ng periods starting June 1 of the current year. The individual unit
(hence, also the conmpany average) equival ent denand forced outage rates are
determ ned with planned outage extensions treated as pl anned outages.

The report is organi zed as fol |l ows:

Transmittal Letter
Cover Page: Report Title, GUS Conmittee Representation

Body: Foreword, Results

Tabl e l: PJM Conpany Average Equi val ent Demand Forced Qutage Rates

Tabl e | a: PJM Conpany Average Forced Unavail abl e Megawatts

Tabl e 1 PJM Conpany Average Pl anned and Maintenance Average Unavail abl e
Megawat t s

Table 111: Equi val ent Qutage Data for Cl asses of Future Units

Tabl e | V: I ndi vi dual Equi val ent Demand Forced CQutage Rates for Existing

and Future Capacity
Tabl e V: Capacity Allocation of PIMUnits with Miltiple Conpany Oanership
Appendi x A Cui del i nes and Special Procedures for Qutage Rate Cal cul ati ons
Appendi x B: Sunmmary of Units Placed on Deferred Miintenance for Econonic
Reasons
Appendi x C Sunmary of Units Placed on |Inactive Status
Appendi x D Qut age Rate Cal cul ations for Large Units with Extended Qutages

The data source for this report is a GORP run nade agai nst the PJM out age
data base which includes the outage history for the cal endar year just ended.
This GORP run nust contain "Unit Summary Reports" of operating experience for
each of the last five cal endar years, cumulative for the last three years and
the last five years, the "Probability of Unit Partial Qutage State Report" and
the "Unit Variance and Partial Qutage State Report."

The incunmbent GUS chairman is responsible for conpiling and issuing this
report. Responsibilities for each of the report’s conponents are identified
in that conponent’s description

An abbrevi ated sanple of this report is included in Section VI, Figure F2.
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Section IV
Peri odi c Reports

Suppl enent al Agreenent Qutage Data Report (continued)

Tabl e |

PJM Conpany Aver age Equi val ent Denand Forced Qut age Rates
(Refer to Figure F2.4.2 for a sanple Table I)

I ndi vidual Unit Equival ent Demand Forced Qutage Rate Cal cul ati on

I ndi vi dual unit equival ent denmand forced outage rates are conputed
first because they nust be known to pernit calcul ation of the conpany
average rate for each planning period.

The annual unit EFOR, will be 100% for any period of operation after
1992 during which mininmumreporting requirenents are not met. M ni mum
reporting requirements are defined as either GADS event data or actua
hourly net generation for units less than 10 MNW Table II1 val ues for
EF will be used for all years prior to the first full year of operation
and for all non-reported years prior to 1992

Conpani es that are unable to conply with the m ni mum reporting
requi renents after 1992 have the option to appeal to the Planning and
Engi neering Conmittee for an alternative to the 100% EFOR, rul i ng.

The individual unit rates are listed in Table IV of this report.

a. Mat ure Unit
The equi val ent denmand forced outage rate (% of a mature unit is
cal cul ated using the latest three full cal endar years of operating
experience. The three year equivalent forced outage rate, with
f-factor, is taken directly fromthe appropriate GORP output, unless
a manual adjustnent is necessary.

b. | mmat ure Uni t
The equi val ent demand forced outage rate (% of an immature unit
is the weighted conbination of its historical and cl ass-average rates
(i.e., Table Ill rates). For exanple, the rate for a unit with less
than three full cal endar years of operating experience is:

EFOR, (%9 = n * EFOR, (% historical) + (3-n) * EFOR, (% Table II1)

3
where EFOR, (% historical) nust be manual |y cal cul ated using
Equation 2 given in Section IIl, page 5.
C. Future Unit

The equi val ent demand forced outage rate (9% of a future unit
the class-average rate for its size and type indicated in Table |
of this report.

s
I

d. Def erred Mai nt enance Unit

The equi val ent denand forced outage rate (% of a unit entirely on
deferred mai ntenance, regardless of size, is the rate cal cul ated
using the last 36 full calendar nonths of operating experience
excluding the deferment period. The defernent period starts when the
estinmated repair time has el apsed and ends on or before the expected
return date. This neans that a forced outage event endi ng when the
estimated repair time has el apsed nust be included in the unit’s
hi story when calculating its forced outage rate.
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Section |V

Peri odi c Reports
Suppl enent al Agr eenent Qut age Data Report

Table | (continued)

PJM Conpany Average Equival ent Denand Forced Qutage Rates
(Refer to Figure F2.4.2 for a sanple Table I)

I ndi vidual Unit Equival ent Demand Forced Qutage Rate Cal cul ations:

(conti nued)

d. Def erred Mai ntenance Unit (continued)

The e%uivalent demand forced outage rate (9% of a unit partially
on deferred naintenance is calculated using the |atest three ful

cal endar years of operating experience, after adjusting the
eguivalent forced partial outage hours. The partial outage hour
adjustnment and forced outage rate are manual |y cal cul ated usi ng
Section IIl, Equations 10 and 2.

Refer to Section V, Item D. Deferred M ntenance Forced Qutage
Adj ustnent Cal cul ation Cuidelines for additional information

e. Mot hbal | ed Uni t
A nothballed unit is renoved fromthe outage rate cal cul ati ons
until it is reactivated and included in the conpany's installed
capacity.

f. Conbi ned Cycl e Conversion of Existing CTs
Conbi ned Cycle units created by adding heat recovery boilers and
steam turbines to existing conbustion turbines will use Table I
cl ass average rates until the conbined cycle unit has mature
gperatizg history unless granted an exception. Refer to Section VI,
I gure 4.

Conpany Aver age Equival ent Demand Forced Qutage Rate Cal cul ation: )
The wei ghted average of the individual unit forced outage rates is
cal cul ated using the forml a:

n
;(EFOR, * C)
=1

EFOR, = n
i =1

where: n = number of units, _

EFOR, = EFOR, of unit i, %or per-unit,

C = net supner_lnstalled capacity
of unit i,

Since this rate is calculated for each of 10 consecutive plannin
peri ods starting June 1 of the current year, it reflects the effect o
capacity changes occurring during that period. The forced outage rate for
a capacity change that occurs after the start of a planning period is
scale?ltg reflect the fraction of the period for which that capacity was
i nstall ed.

The rates to be shown for the current and next planning periods are
those fixed by virtue of the PIJIM Managenent Comrittee’ s acceptance of the
Suppl enental Agreenent, Allocation of Forecast Requirenent for those
periods as determ ned two and one pl anni ng periods, respectively, prior to
the current planning period. Footnotes should be used to docunent these
two rates. (NOTE: For the prelimnary report, these two rates are to be
shown in parenthesis, for comparison purposes, next to the val ues

determ ned for the sanme planni ng periods using the |atest
i nformation.)
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Table | (continued)

PJM Conpany Average Equival ent Denand Forced Qutage Rates
(Refer to Figure F2.4.2 for a sanple Table I)

Conpany Average Equival ent Demand Forced Qutage Rate Cal cul ation
(conti nued)

Each PJM nmenber company representative is responsible for calcul ating
and transmitting these values to the incunbent GUS chairman. The GUS
chairman is responsible for conpiling this table for inclusion in this
report.

Table | a

PJM Conpany Average Forced Qutage Unavail able Megawatts
(Refer to Figure F2.4.3 for a sanple Table la)

I ndividual Unit Unavailability Capability Cal cul ations:

I ndi vidual unit unavail able capability due to forced outages are
determined first because they nust be known prior to calculating the
conpany average val ues for each planning peri od.

The annual unit EFOF will be 52 weeks/year for any period of operation
after 1992 during which mninumreporting requirenents are not net.
M ni mum reporting requirenents are defined as either GADS event data or
actual hourly net generation for units less than 10 MW Table Il1 val ues
for EFOF will be used for all years prior to the first full year of
operation and for all non-reported years prior to 1992

Conpani es that are unable to conply with m ninumreporting
requi renents after 1992 have the option to appeal to the Planni ng and
Engi neering Commttee for an alternative to the 52 weeks/year EFOF ruling.

a. Mature Unit
The unavail abl e capability due to forced outages (MMwks/yr) of a

mature unit is calculated by multiplying the sunmer installed
capacity by the EFOF. The EFCF is calculated by dividing the three
year equival ent forced outage hours by three years tines 168 hours
per week. The three year equival ent forced outage hours is taken
directly fromthe appropriate GORP output unless a manual adj ustnment
IS necessary.

b. | mmat ure Uni t
The forced outage weeks per year of an immature unit is the
wei ght ed- average conbination of its historical and cl ass-average
(Table I'1l) values of the Equival ent Forced Qutage Factor (EFOF)
nmultiplied by the summer installed capacity. For exanple, the val ue
for aunit wth 'n” full cal endar years of operating experience is:

MM wKks/ yr = Sumrer
[n * EFOF(wk/yr, historical) + (3-n) * EFOF(wk/yr,Table IIl)] X Installed
3 Capacity

where EFOF (wk/yr) nust be nmanually cal cul ated usi ng Equation 3 given
in Section IIl, page 5.
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Table la (continued)

PJM Conpany Average Forced Qutage Unavail abl e Megawatts
(Refer to Figure F2.4.3 for a sanple Table la)

1. Individual Unit Unavailability Capability Calculations: (continued)

C. Future Unit
The unavail ability capability due to forced outages (MMwKks/yr)
of a future unit is the class-average EFCF for its type indicated In
Table 11l of this report multiplied by the sumrer installed capacity.

d. Def erred Mai nt enance Unit
The unavail abl e capability due to forced outages (MMwks/yr) of a
unit entirely on deferred nai ntenance, regardless of size, is
cal cul ated using the last 36 full cal endar nonths of operating
experience excluding the defernent period. The defernent period
starts when the estinated repair tinme has el apsed and ends on or
before the expected return date. This neans that a forced outage
event ending when the estimated repair tine has el apsed nust be
}ncluded inthe unit’'s history when calculating its forced outage
actor.

The unavail able capability due to forced outages (MMwks/yr) of a
unit partially on deferred mai ntenance is cal cul ated using the | atest
three full cal endar years of operating experience, after adjusting
t he equival ent forced partial outage hours. The equival ent forced
outage factor is manually cal cul ated using Section Ill, Equation 3.

Refer to Section V, Item D: Deferred Mi ntenance Forced Qutage
Adj ust nent Cal cul ati on CGui delines for additional information.

e. Mot hbal | ed Uni t
A not hbal l ed unit contributes nothing to the unavail abl e capacity
cal cul ati ons because it is not part of the conmpany’s installed
capacity.

f. Conbi ned Cycle Conversion of Existing CTs
Conbi ned Cycle units created by addi ng heat recovery boilers and
steam turbines to existing conmbustion turbines will use Table I
cl ass average rates until the comnbined cycle unit has nmature
operating history unless granted an exception. Refer to Section VI,
Fi gure 4.

2. Conpany Average Unavail able Capacity Due to Forced Qutages:

The total conpany unavail able capability due to forced outages (MM
wks/yr) in any planning period is the sumof the individual unit
unavail abl e capabilities. The average company unavail abl e capacity (MN
i s obtained by dividing the total conpany unavail able capability
(MMwks/yr) by 52 weeks. A conpany average unavail abl e capacity value is
cal cul ated for each of 10 consecutive planning periods starting June 1 of
the current year. The unavail able capacity due to forced outages for a
capacity change that occurs after the start of a planning period is scaled
to reflect the fraction of the period for which that capacity was
i nstall ed.
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Table la (continued)

PJM Conpany Aver age Forced Qutage Unavail able Megawatts
(Refer to Figure F2.4.3 for a sanple Table |a)

2. Conpany Average Unavail abl e Capacity Due to Forced CQutages: (continued)

The Val ues shown for the current and next planning periods are those
fixed by virtue of the PJM Managenment Conmittee’ s acceptance of the
Suppl enent al Agreenent, Allocation of Forecast Requirenment for those
periods as deternined two and one pl anni ng periods, respectively, prior to
the current planning period. Footnotes should be used to docunent these
two values. (NOTE: For the prelimnary report, these two values are to
be shown in parenthesis, for conparison purposes, next to those detern ned
for the sanme planning periods using the |atest data.)

Each PJM nmenber conpany representative is responsible for calcul ating
and transmitting these values to the incunbent chairman. The GUS chai rman
is responsible for conpiling this table for inclusion in this report.

Tabl e |1

PJM Conpany Average Unavail able Capacity Due to Planned and Mai nt enance Qutages
(Refer to Figure F2.4.4 for a sanple Table I1)

1. Individual Unit Unavail able Capability Cal cul ati ons:

I ndi vi dual unit unavail able capabilities are deternined first because
they must be known prior to calcul ating the conpany average val ues for
each planning period. |If, when calculating these values, an explicit
pl anned mai nt enance outage forecast for a unit is not available, then the
unit nmust be assigned the planned out age weeks per year appropriate for
the unit’'s size and type as given in Table Ill of this report. The
i ndi vi dual unit unavail able capabilities are not included in any report.

a. Mture Unit

The unavail able capability (MMweeks) of a mature unit is
determ ned by adding the historical maintenance outage weeks per year
based on the latest three full cal endar years of data, to the forecast
pl anned outage weeks per planning period and nultiplying the sum by
the unit’s net sunmer installed capacity (MN. The planned outage
information is obtained fromthe "Ten Year Unit Pl anned M ntenance
Forecast" report issued by the PIJM Maintenance Connittee each
February.

b. Immature Unit
The mai nt enance outage weeks per year of an immature unit is the
wei ght ed- aver age conbi nation of its historical and class-average
(i.e., Table Il1l) values. For exanple, the value for a unit with 'n’
full cal endar years of operating experience is:

EMOF(wk/yr) = n * EMOF(wk/yr, historical) + (3-n) * EMOF(wk/yr, Table I11)
3
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Table |1

PJM Conpany Average Unavail able Capacity Due to Planned and Mai nt enance Qutages
(Refer to Figure F2.4.4 for a sanple Table I1)

1. Individual Unit Unavail able Capability Calculations: (continued)

b. I mmture Unit (continued)

Adding this value to the planned outage weeks per year and nultiplying
the sumby the unit’s net summer installed capacity (MN yields its
unavail abl e capability (MV¥weeks).

c. Future Unit
The unavail able capability (MMweeks) of a future unit is
determ ned by adding the appropriate Table |11 class-average
mai nt enance out age weeks per year to the forecast planned naintenance
weeks per planning period and nultiplying the sumby the unit’s net
sunmer installed capacity (MN.

d. Deferred M ntenance Unit
The unavail abl e capability (M¥weeks) of a unit entirely on
deferred mai ntenance is deterni ned by adding the equival ent
mai nt enance out age weeks per year, fromthe sanme tinme period of
operating experience used to deternmine its forced outage rate, to the
forecast planned nai ntenance weeks per planning period and nultiplying
by the unit’s net sunmer installed capacity.

The unavail able capability (MMweeks) of a unit partially on
deferred mai ntenance is deterni ned by adding the equival ent
mai nt enance out age weeks per year, fromthe latest three full cal endar
years of operating experience, to the forecast planned nai ntenance
weeks per planning period and nultiplying the sumby the unit’s net
avai |l abl e capacity (i.e., the unit’'s net sumer capacity |less the
capacity on deferred maintenance). Add the product of the capacity on
def erred mai ntenance and the nunber of deferred maintenance weeks
enconpassed by the planning period to this value for each appropriate
pl anni ng peri od.

Refer to Section V, Item D for additional information.

e. Modthballed Unit
A not hbal l ed unit contributes nothing to the unavail abl e
capability cal cul ations because it is not part of the conpany’'s
installed capacity.

f. Conbined Cycle Conversion of Existing CTs
Conbi ned Cycle units created by addi ng heat recovery boilers and
steam turbines to existing conmbustion turbines will use Table I
cl ass average rates until the combined cycle unit has mature operating
hi story unl ess granted an exception. Refer to Section VI, Figure 4.
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Table Il (continued)

PJM Conpany Average Unavail able Capacity Due to Planned and Mai nt enance Qutages
(Refer to Figure F2.4.4 for a sanple Table I1)

2. Conpany Average Unavail able Capacity Due to Pl anni ng and Mi nt enance
CQut ages:

The total conpany unavail abl e capability (MMweeks) in any planning
period is the sumof the individual unit unavail able capabilities. The
unavail abl e capability of any capacity change that occurs during a
pl anni ng period should be adjusted by prorating the naintenance outage
weeks prior to sunming with the planned outage weeks and nul tiplying the
sum by the net sunmer installed capacity (MN. The average conpany
unavail abl e capacity (MN is obtained by dividing the total company
unavail abl e capability (MM weeks) by 52 weeks. A conpany average
unavail abl e capacity value is calculated for each of 10 consecutive
pl anni ng periods starting June 1 of the current year

The val ues shown for the current and next planning periods are those
fixed by virtue of the PJM Managenent Conmittee' s acceptance of the
Suppl enent al Agreenent, Allocation of Forecast Requirenent for those
peri ods as determ ned two and one planning periods, respectively, prior to
the current planning period. Footnotes should be used to docunent these
two values. (NOTE: For the prelimnary report, these two values are to
be shown in parenthesis, for conparison purposes, next to those detern ned
for the sanme planning periods using the |atest data.)

Each PJM nmenber conpany representative is responsible for cal cul ating
and transnmitting these values to the incunbent GUS chairman. The GUS
chairman is responsible for conpiling this table for inclusion in this
report.

Table 111

Equi val ent Qutage Data for Classes of Future Units
(Refer to Figures F2.5.1 - F2.5.3 for a sanple Table II1I)

The outage information contained in this table has been deterni ned by
statistical analyses perforned on one or nore of the PIM NRC and NERC/ GADS
out age event dat abases. These anal yses are perfornmed periodically, at the
di scretion of the Generator Unavailability Subconmittee, to ensure that the
val ues used for future units are reasonabl e, based on the historica
performance of simlar units.

Val ues fromthis table are used in the Table I, Table la and Table |
calculations for this report whenever suitable historical, or forecast,
i nformati on i s unavail abl e.

The i ncunmbent GUS chairman is responsible for including the nost recent
table in this report.
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Table |V

I ndi vi dual Equi val ent Denand Forced Qutage Rates
for Existing and Future Capacity
(Refer to Figures F2.6.1 - F2.6.8 for a sanple Table 1V)

This table contains a summary of the individual equival ent demand forced
outage rates used in calculating the conpany average equi val ent demand forced
outage rates for the planning periods of interest. The table is conprised of
two parts: one listing all existing capacity (i.e., capacity installed as of
24:00 on May 31 of the current cal endar year) and one listing the schedul e of
capacity changes projected for 10 planni ng peri ods begi nning June 1 of the
current cal endar year. The dates of future capacity changes should agree with
those subnitted by the P& Conmittee which are used as input to the
Suppl ement al Agreement runs to forecast each company’s capacity obligation

Each PJM nenber conpany representative is responsible for providing the
i ncunbent GUS chairman with a Table IV for inclusion in this report. Al
conmpany owned capacity should be shown in this table. Units owned jointly
with other utilities should be indicated as such on each owni ng conpany’s
tabl e.

Table V

Capacity Allocation of PIMUnits with Miltiple Conpany Oanership
(Refer to Figures F2.7.1 - F2.7.2 for a sanple Table V)

This table identifies all PIJMunits that are owned by two or nore
utilities and specifies the capacity (MN owned by each. Only joint-owned
units in service prior to June 1 of the current planning period are to be
shown in this table. Changes in ownership occurring after June 1 are already
identified in Section |, Table Ill, "PJM Generating Capacity Additions" of the
annual "Load and Capacity Forecast and Allocation of Forecast Requirenents
Report."

The incunmbent GUS chairman is responsible for conpiling this table for in-
clusion in this report.

Appendi x A

CGui del i nes and Special Procedures
for
Cal cul ating Suppl enental Agreenent |nformation
(Refer to Figures F2.9.1 - F2.9.4 for a sanple Appendi x A)

Thi s appendi x hi ghlights the guidelines and special procedures used in
calculating the information provided for the Suppl enental Agreenent’s
Al l ocation of Forecast Reserve Requirenent cal culations. Specifically, it
i ndi cates exceptions to the nornmal treatment of the outage history used to
cal cul ate the outage data provided for this report.

The incunmbent GUS chairman is responsible for including the nost recent
version of this appendix in this report.
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Appendi x B

Sunmmary of Units Placed on Deferred Miintenance for Econoni ¢ Reasons
(Refer to Figure F2.10 for a Sanple Appendi x B)

Thi s appendi x identifies the specific units which have been placed on
Def erred Mai ntenance for economic reasons. The information in this appendix
is conprised of two parts: one listing those units currently on Deferred
Mai nt enance and one listing all units that were previously placed on Deferred
Mai nt enance but have either been returned to service or retired.

The Interconnection O fice representative is responsible for providing the
i ncunbent GUS chairman with the nost recent information available. The GUS
chairman is responsible for including this appendix in this report.

Appendi x C

Sunmmary of Units Placed on |nactive Status
(Refer to Figure F2.11 for a sanple Appendi x Q)

Thi s appendi x identifies those units currently "nothball ed" and placed on
I nactive Status.

The Interconnection Ofice representative is responsible for providing the
i ncumbent GUS chairman with the nmost recent information available. The GUS
chairman is responsible for including this appendix in this report.

Appendi x D

Qutage Rate Calculations for Large Units with Extended Qutages
(Refer to Figures F2.12.1 - F2.12.2 for a sanple Appendi x D)

Thi s appendi x identifies the units 600 MNor greater which have had outage
durations that equalled or exceeded 12 consecutive nonths.

The incunmbent GUS Chairman is responsible for including the nost recent
version of this appendix in this report.
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Pl anni ng study outage data is primarily intended for use by the Capacity
and Transmi ssion Pl anning Subconmittee to determ ne the PIJM capacity reserve
requi renents. These data are also used to deternine the Forced CQutage Rate
(F), Large Unit (U), and the Load Drop (D) adjustnent factors used in the PIM
Suppl ement al Agreement, Allocation of Forecast Requirenent.

The report provides effective equival ent demand forced outage rates,
capacity variances and schedul ed outage data for all existing and future units
included in the | atest capacity schedul e of each conpany. This information is
based on the latest five full calendar years of operating experience and
excludes |.0O code 9 outages (i.e., routinely occurring off-peak outages).

The report is organi zed as foll ows:

Transmittal Letter
Cover Page: Report Title, GUS Conmittee Representation

Body: Introduction, Results, Data Assunptions, Methodol ogy

Tabl e l: Data for Units with Five Full Calendar Years of Operating
Experi ence

Table Ila: Data for Units with Less than Five Full Cal endar Years of

Oper ating Experience
Table 11b: Data for Future Units
Table 111: Ef fective Equival ent Qutage Data for C asses of Future Units
Table 1V Forced and Schedul ed Qutage Data Conponents for Existing and
Future Capacity

The data source for this report are GORP runs nade agai nst the PJM GADS
dat abase which includes the outage history for the cal endar year just ended.
One run nmust contain "Unit Summary Reports" of operating experience for each
of the last five years and cunul ative for the last five years, the
"Probability of Unit Partial Qutage State Report" and the "Unit Variance and
Partial Qutage State Report." The second run nust contain "Unit Summary
Reports" of operating experience for |ast five years with schedul ed extensions
of mai ntenance and pl anned out ages renoved.

The incunmbent GUS chairman i s responsible for conpiling and issuing this
report. Responsibilities for each of the report’s conponents are identified
in that conponent’s description

An abbrevi ated sanple of this report is included in Section VI, Figure F3.

Tabl e |

Data for Units with Five Full Cal endar Years of Operating Experience
(Refer to Figures F3.3.1 - F3.3.5 for a sanple Table 1)

Each PJM nenber conpany representative is responsible for providing to the
i ncunmbent GUS chairman a Table | for his own conpany’'s capacity. However,
i nformati on for joint-owned units should only appear in the table of the
conpany operating those units.
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Table | (continued)

Data for Units with Five Full Cal endar Years of Operating Experience
(Refer to Figures F3.3.1 - F3.3.5 for a sanple Table 1)

Individual Unit Effective Equival ent Demand Forced Qutage Rate Cal cul ati on:

Included in the Effective Equival ent Demand Forced Qutage Rate (EEFOR)
calculation is the Equival ent Demand Forced outage rate (EFOR). The annual
unit EFOR, will be 100% for any period of operation after 1992 during which
m ni mum reporting requirements are not met. Mninumreporting requirements are
defined as either GADS event data or actual hourly net generation for units |ess
than 10 MV Table 111 values for EFOR, will be used for all years prior to the
first full year of operation and for all non-reported years prior to 1992.

Conpani es that are unable to conply with the mninimumreporting requirenments
after 1992 have the option to appeal to the Planning and Engineering Comittee
for an alternative to the 100% EFOR; ruling.

The individual unit rates are listed in Table IV of this report.

a. Mture Unit

The effective equival ent denmand forced outage rate (% of a mature
unit is deternined based on the latest five full cal endar years of
operating experience. It is calculated by adding 25% of the equival ent
mai nt enance outage factor (% to the equival ent demand forced outage rate
(with f-factor). The five year cunulative statistics are to be taken
directly fromthe GORP output which has schedul ed extensions included
unl ess manual adjustnents are necessary.

b. Deferred Mintenance Unit
The effective equival ent demand forced outage rate (% of a unit
entirely on deferred maintenance is the rate calcul ated using the |ast 60
full cal endar nonths of operating experience, excluding the defernment
peri od. The defernent period starts when the estimated repair tine has
el apsed and ends on or before the expected return date.

The ef fective equival ent demand forced outage rate (% of a unit
partially on deferred naintenance is calculated using the |atest five
full calendar years of operating experience, after adjusting the
equi val ent forced partial outage hours. The partial outage hour
adjustnment and forced outage rate are nmanual |y cal cul ated usi ng equations
2, 8 and 10. Refer to Section V, ItemD for additional information

c. Mothballed Unit
A nothballed unit is ignored until it is reactivated and included in
the conpany’s installed capacity.

d. Conbined Cycle Conversion of Existing CTs
Conbi ned Cycle units created by addi ng heat recovery boilers and steam
turbines to existing conmbustion turbines will use Table Ill class average
rates until the conbined cycle unit has mature operating history unless
granted an exception. Refer to Section VI, Figure 4.
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Table | (continued)

Data for Units with Five Full Cal endar Years of Operating Experience

(Refer to Figures F3.3.1 - F3.3.5 for a sanple Table 1)

2. Capacity Variance Cal cul ati on:

a.

Mat ure Uni t

The capacity variance (MN) of a mature unit is calculated using the
procedure given in Section V, ItemE Capacity Variance Cal cul ati on Procedure
for Existing Units. This information is to be taken directly fromthe
appropriate GORP output and used, unless nanual adjustnents are required.

Def erred Mai nt enance Unit

The capacity variance (MN) of a unit on deferred maintenance is
cal cul ated using the procedure given in Section V, ItemE Capacity
Variance Cal cul ation Procedure for Existing Units. The information
given in the appropriate GORP output will need to be manually adjusted
until the defernent period is no | onger part of the latest five ful
cal endar years of operating experience.

Mot hbal | ed Uni t
A nothballed unit is ignored until it is reactivated and included
in the conmpany’s installed capacity.

Conbi ned Cycl e Conversion of Existing CTs

Conbi ned Cycle units created by addi ng heat recovery boilers and
steam turbines to existing conbustion turbines will use the follow ng
vari ance forrmula until the conbined cycle unit has mature operating
hi story unl ess granted an exception.

V. = MN x (1- EEFOR) x EEFOR,

Refer to Section VI, Figure 4.

3. Schedul ed Qutage Data Cal cul ati on

a.

Mat ure Uni t

The schedul ed outage data of a mature unit is cal cul ated based on
the latest five full cal endar years of operating experience and the
"Ten Year Unit Pl anned Mintenance Forecast" used for the |atest
Suppl enent al Agreenent Qutage Data Report. Ten years of schedul ed
out age weeks are determined for each unit by nultiplying the forecast
mai nt enance weeks by the EPOEF (equation 6) and adding to each 75% of
the EMOF (weeks/year). The five year cunul ative statistics are to be
taken directly fromthe appropriate GORP output and used, unless
manual adj ustnents are necessary.
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Table |

Data for Units with Five Full Cal endar Years of Operating Experience
(Refer to Figures F3.3.1 - F3.3.5 for a sanple Table 1)

3. Schedul ed Qutage Data Cal cul ation: (conti nued)

b. Deferred Mintenance Unit
The schedul ed outage data of a unit entirely on deferred

mai nt enance is cal cul ated based on the latest 60 full cal endar nonths
of operating experience, excluding the start of the defernent period,
and the "Ten Year Unit Planned Mintenance Forecast" used for the
| at est Suppl enental Agreement Qutage Data Report. Ten years of
schedul ed outage weeks are determined for each unit by nultiplying the
forecast nmaintenance weeks by the EPOEF and addi ng to each 75% of the
EMOF (weeks/year). The 60-nmonth cumul ative statistics are to be taken
directly fromthe appropriate GORP output and used, unless nanua
adj ustments are necessary.

The schedul ed outage data of a unit partially on deferred
mai nt enance is cal cul ated based on the latest five full cal endar years
of operating experience and the "Ten Year Unit Pl anned Mi ntenance
Forecast" used for the |atest Supplenental Agreenent Qutage Data
Report. Ten years of schedul ed outage weeks are deternined for each
unit by nultiplying the forecast mai ntenance weeks by the EPCEF and
adding to each 75% of the EMOF (weeks/year). The five year cunul ative
statistics are to be taken directly fromthe appropriate GORP out put
and used, unless nmanual adjustnents are necessary.

Tables Ila & Table I1b
Data for Units with Less Than Five Full Cal endar Years

of Operating Experience and Future Units
(Refer to Figures F3.4.1 - F3.4.3 for a sanple Table I1)

Each PJM nenber conpany representative is responsible for providing to the
i ncunbent GUS chairman a Table Ila and Table Ilb for his own conpany’s
capacity. However, information for joint-owned units should only appear in
the table of the conpany operating those units.

1. Individual Unit Effective Equival ent Demand Forced Qutage Rate Cal cul ation
Included in the Effective Equival ent Demand Forced CQutage Rate
(EEFOR) calculation is the Equival ent Demand Forced outage rate (EFOR).
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Tables Ila & Table Ilb

Data for Units with Less Than Five Full Cal endar Years
of Operating Experience and Future Units
(Refer to Figures F3.4.1 - F3.4.3 for a sanple Table I1)

I ndividual Unit Effective Equival ent Demand Forced Qutage Rate

Cal cul ation: (continued)

The annual unit EFOR, will be 100% for any period of operation after 1992
during which mininmumreporting requirenents are not met. M ni num
reporting requirements are defined as either GADS event data or actua
hourly net generation for units less than 10 MN Table II1 val ues for
EFOR, will be used for all years prior to the first full year of operation
and for all non-reported years prior to 1992

Conpani es that are unable to conply with the m ni mum reporting
requi renents after 1992 have the option to appeal to the Planning and
Engi neering Conmittee for an alternative to the 100% EFOR, rul i ng.

The individual unit rates are listed in Table IV of this report.

a. |mmture Unit
The effective equival ent demand forced outage rate of an immuature
unit is the weighted conbination of its historical and cl ass-average
rates (i.e., Table IIl rates). For exanple, the rate for a unit with
"n’ full calendar years of operating experience is:

n * EEFOR, (% historical) + (5-n) * EEFOR, (% Table I11)

EEFOR, (% =

5
where EEFOR, (% historical) nust be manually cal cul ated using
Equations 2, 4 and 8 given in Section IIl, pages 5 and 6.

b. Future Unit
The effective equival ent denand forced outage rate (% of a
future unit is the class-average rate for its size and type indicated
in Table Ill of this report.

c. Conbined Cycle Conversion of Existing CTs
Conbi ned Cycle units created by addi ng heat recovery boilers and
steam turbines to existing conbustion turbines will use Table I
cl ass average rates until the conbined cycle unit has mature operating
hi story unless granted an exception. Refer to Section VI, Figure 4.
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Section IV
Peri odi ¢ Reports

Pl anni ng St udy Qut age Data Report

Tables Ila & Table I1b (continued)

Data for Units with Less Than Five Full Cal endar Years
of Operating Experience and Future Units
(Refer to Figures F3.4.1 - F3.4.3 for a sanple Table I1)

2. Capacity Variance Cal cul ati on:

a. |lmmture Unit
The forced outage capacity variance of an inmature unit is the
wei ght ed conbi nation of its historical and future unit values. For
exanpl e, the variance for a unit with 'n" full cal endar years of
operating experience is:

n* V, (MV, historical) + (5-n) * V, (MN, future)

[ (M) =
5

where V, is cal cul ated using the procedure given in Section V, ItemE
and V, is the future unit variance appropriate for the unit’'s size and
type indicated in Table IIl of this report.

b. Future Unit
The capacity variance (MN) of a future unit is the value
appropriate for the unit’s size and type indicated in Table Il1 of
this report.

c. Conbined Cycle Conversion of Existing CTs
Conbi ned Cycle units created by addi ng heat recovery boilers and
steam turbines to existing conbustion turbines will use the follow ng
vari ance formula until the conbined cycle unit has mature operating
hi story unless granted an exception

V = MV X (1 - EEFOR) X EEFOR,
Refer to Section VI, Figure 4.

3. Schedul ed Qutage Data

a. |lmmture Unit
The schedul ed outage data for an inmmature unit (Table Ila), is
conprised of the followi ng conmponents:

1) Ten Year Pl anned Mintenance Forecast;

2) The equival ent planned outage extension factor (EPCEF);

3) The equival ent mai nt enance outage factor (EMOF) in weeks per year
4) Years of service; and

5) The ten year schedul ed outage weeks (Table I11).
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Section |V
Peri odi ¢ Reports

Pl anni ng St udy Qut age Data Report

Tables Ila & Table I1lb

Data for Units with Less Than Five Full Cal endar Years
of Operating Experience and Future Units
(Refer to Figures F3.4.1 - F3.4.3 for a sanple Table I1)

3. Schedul ed Qutage Data (continued)

a. |Inmmture Unit (continued)
The yearly cal culation for schedul ed outage data for a unit with
n full calendar years of operating experience is:

Schedul ed Qutage (Yearly) =

[[((Planned Mai nt. (wks/yr) X EPCEF) + (0.75 X EMOF (wks/yr))) X n]

+

[ Tabl e Schedul ed Qut age Weeks (wks/yr) + (0.75 X EMOF (Table 3))] X
(5-n)] /5

where EPOEF and EMOF (historical) nust be manual ly cal cul ated using
Equations 6 and 4 respectively as given in Section IIl, pages 5 and 6.

b. Future Unit
The schedul ed outage data of future units are assigned the
appropriate class-average val ues for schedul ed outages and mai nt enance
cycles indicated in Table IIl of this report.

c. Conbined Cycle Conversion of Existing CTs
Conbi ned Cycle units created by addi ng heat recovery boilers and
steam turbines to existing conbustion turbines will use Table I
cl ass average values until the conbined cycle unit has nmature
operating history unless granted an exception. Refer to Section VI,
Fi gure 4.

Table [11
Ef fective Equivalent Qutage Data for C asses of Future Units
(Refer to Figure F3.6 for a Sanple Table I11)

The outage information contained in this table has been deterni ned by
statistical analyses performed on one or nore of the PIJM GADS, NRC and
NERC/ GADS out age event databases. These anal yses are performed periodically,
at the discretion of the Generator Unavailability Subcommittee, to ensure that
the val ues used for future units are reasonable, based on the historica
performance of simlar units. Values fromthis table are used in the Table |
Table Ila and Table IIb calculations for this report whenever suitable
historical, or forecast, information is unavail able.

The incunbent GUS chairman is responsible for including the nost recent
version of this table in this report.
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Section |V
Peri odi ¢ Reports

Adequacy and Reliability Assessnent Report

The Adequacy and Reliability Assessment Report is prepared annually under
the Pl anning & Engineering Commttee's direction to provide assessnent of the
PIJM system performance. This report is prepared jointly with the follow ng
groups: Planning & Engineering Conmttee, Capacity & Transm ssion Pl anni ng
Subconmmi ttee, Load Anal ysis Subconmittee, System Reliability Task Force,
CGeneration Unavailability Subcomm ttee, and Load and Capacity Wrki ng G oup

The GUS section of the Adequacy and Reliability Assessnent Report contains
the following two tables:

1) PJM Unavail abl e Capacity at Peak Hour for Sel ected Heavy Load Days

2) PIJMInternal Capacity and Reserves at Peak Hour for Sel ected Heavy
Load Days

The incunbent GUS chairman has the responsibility of the del egation of the
conpilation and issuing of these tables. Responsibilities for each of the
tables are identified as foll ows:

PJM Unavai |l abl e Capacity at Peak Hour for Selected Heavy Load Days
(Refer to Figures F5.1 for a sanple table)

Each PJM nenber conpany representative is responsible for providing to the
designated GUS nenber a table entitled "Unavail abl e Capacity at Peak Hour for
Sel ected Heavy Load Days" for his own company’s capacity.

This table contains a section for both Planned and Unpl anned Qutages. The
Unpl anned out ages i nclude both forced and mai nt enance outages. Each section
i ncl udes the unavail able capacity for each of the follow ng categories:
Hydro, Nuclear, Coal, Ol/Gs, CT & Diesel, and NUG Unavail able capacity
totals are calculated for each selected day with subtotals for both the
Pl anned and Unpl anned out ages.

The PJM nenber conpanies’ tables are conpiled to create a single table to
represent the PJM capacity. Refer to Section VI, Figure 5.1.

PJM Internal Capacity and Reserves at Peak Hour for Sel ected Heavy Load Days
(Refer to Figure 5.2 for a sanple table)

The desi gnated GUS nenber conpiles a table called "PIMInternal Capacity
and Reserves at Peak Hour for Selected Heavy Load Days. The GUS sel ects the
specified days and tinmes by which this and the previous table is constructed.

The specified days and times are subnitted to the Planning and Engi neering
Conmittee for approval.
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This table contains the follow ng itens:

1) PJIJM Actual Peak (MN

2) PJM Forecasted Wekly Peak (MN

3) PIJM Avail able Internal Capacity (MN

4) Reserve as % of Actual Peak

5) Reserve as % of Forecasted Peak

6) PJIJMInternal Capacity (MN

7) PJM Pl anned Qutages (MW

8) PJM Unpl anned Qut ages (MN

9) PJM Total Qutages (MW

10) Unpl anned Qutages as % of Internal Capacity

l. PJM Avai |l abl e Internal Capacity is calculated as follows:
PIJM I nternal Capacity - PJM Total Qutages
(PIJM Internal Capacity = PIMInstalled Capacity - FirmlInstalled

Capacity Purchases)

Il. The Reserve as % of Actual Peak is calculated as follows:
[(PIJM Avai l abl e I nternal Capacity - PJM Actual Peak) / PJM Actual
Peak] x 100
I1'l. The Reserve as % of Forecasted Peak is calcul ated as foll ows:
[(PIM Avai l abl e I nternal Capacity - PJM Forecasted Wekly Peak) / PIJM
Forecasted Weekly Peak] x 100

The PJM Pl anned, Unpl anned and Total Qutages are taken fromthe "PJM
Unavai |l abl e Capacity at Peak Hour for Sel ected Heavy Load Days" Tabl e.

Unpl anned Qutages as a % of Internal Capacity is calculated as foll ows:

[ PIM Unpl anned Qutages / PJM Internal Capacity] x 100
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Section V
M scel | aneous Docunent ati on

Iltem A

Ful | f-Factor Derivation(*)

The following diagramillustrates the relationships between the potenti al
states in which a generator can reside. The termgoverning the transition
fromone state to another is shown on the diagram adjacent to the line
indicating the direction of the transition

R + (1-P)y /I T R +
| Reserve R R e >>| |
| Shut down | | On Line
| | 1/ D | |
| State "0O" | <<emmmm i | State "2" |
I \ Fomm o +
A \ A |
| \ P,/ T [
| 2/ r Fo S>> + 17 r | 1/ m
| \ | |
| \ | Vv
I + 1/ 7T R +
| Forced CQut I e >>| Forced Qut |
| & | | & |
| Not Needed | 1/ D | Needed
| State "1" RS S e | State "3" |
T + T +
Terns r = average forced outage duration
T = average tine between calls for the unit to run
D = average run tine during periods of demand
m = average run tine between forced outages

probability of a start failure when the unit is
called to run

On page 621 of the referenced | EEE paper, the f-factor was defined for use
as a mathematical trick to pernmit the substitution of known quantities for un-
known quantities in the equation expressing the probability that a unit was
unavail abl e during a demand period (equation 15). The known quantities were

P, (the probability of being in service during a denmand period; i.e.
state 2) and P, + P, (the probabilities of being forced out during a demand
period; i.e., states 1 and 3). Equation 15 is given as

P = P,/ (P, +P).

(*) "A Four-State Mddel for Estimation of Qutage Risk for Units in Peaking
Service," Report of the | EEE Task Group on Mddels for Peaking Service
Units, Application of Probability Methods Subcommittee, |EEE
Transacti ons on Power Apparatus and Systemnms, March/ April 1972, pages
618- 627.
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Iltem A

Full f-Factor Derivation (continued)

Define the f-factor as f =P,/ (P, + P,) and multiply both sides by the term
(P, + P) to yield
P,= f * (P, +P).
Now, substitute this equation into equation 15 to elinminate the lone P, term
P= f* (P +P)
P+ f * (P +P).

The known quantities of P, and P, + P,, expressed in hours, are

P, = SH/ (AH + FOH) and P, +P, = FOH/ (AH + FOH).
Substituting these equations into the nodified equation 15 given above yields

P = f * FOH
SH + f * FOH

fromwhich we can see that the f-factor weights the forced outage hours to
reflect only that portion which occur during periods of demand.

Because we still don’t know how to separately define P,, we need to
redefine the f-factor in terns of data readily available fromrecorded outage
statistics. Start by defining the frequency of being in state 1 as

F, = P, * rate of departure fromstate 1
= P * (Ur + 1/T).

This can al so be expressed as

F P, * rate of entry fromstate 3

P, * (1/D).

1

Equating these two expressions and solving for P, yields

P, =P, * 1/ D
Ur +1/T .

Substituting this equation into the f-factor definition yields the expression
f, = Ur +1/T
/r +1/T + 1/D

whi ch can be determined fromthe outage data statistics. This factor is
designated as the full f-factor (f,) because it is used to weight the full
forced outage hours.
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Iltem A

Partial f-Factor Derivation

[0 L

I

[0 N +--- - - ' | f.* FOH |

[ 1 +--- - - ' [ <------- > |
[ 11T+ - " | | |
| [EEEREEE | | | | | |
Capacity | | I | |

(M | RSH | SH | FOH | MOH + PCH

I I I (full) I (full) I

| | <----- Demand Tine ----- >| |
I I I I I

| <------ Avail abl e Hours ------ >| | |
I I I I I
oo oo Hommmmmeeaa R T +
R R Period Hours ------------------------ >

The partial f-factor is a measure of the equivalent full forced outage
hours that occur during tinmes of demand. Theoretically, the partial f-factor
is the ratio of the equivalent forced partial outage hours occurring during
demand periods to the total equivalent forced partial outage hours. Assum ng
that the partial outages are distributed sinmlarly during service hours and
reserve shutdown hours, then the partial f-factor can be expressed as the
ratio of service hours to the sunmation of service and reserve shutdown hours.

Since avail abl e hours equals the summati on of service and reserve shutdown
hours, the partial f-factor can be expressed as the ratio of service hours to
avai |l abl e hours, or

f, = SH [
AH
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Iltem B

Modi fied Two-State Model for Reliability Cal cul ations

The standard two-state nodel of a generator considers the unit as being
either fully available or fully unavailable. The nodified two-state nodel is
a better representation for reliability cal culations because it considers the
distribution of outage states possible for a generator. The result of using
the nodified two-state generator availability nodel is a reduction in the
anmount of reserve capacity required to maintain a reliability index of 10
years per day, as compared to the reserve requirenment deternined using the
standard nodel

The standard two-state nodel cal cul ates the mean avail abl e capacity as

T = (l1- EEFOR) * C
where T = nean capacity, MN
C = wunit’s net sumrer installed capacity, MV
and
EEFOR, = unit's effective equival ent demand forced

outage rate, per-unit.

The inplied capacity variance about the nmean with the standard two-state
nodel is

> = (1 - EEFOR) * EEFOR, * C
where [* = wvariance, MA.

This is the maxi mum vari ance that can be experienced about the mean with the
given effective equival ent demand forced outage rate. Any representation of
partial outage states will tend to | ower the variance.

The nodified two-state nodel preserves both the nean and the variance of
the original forced outage distribution by sinultaneously solving the
two-state nean and variance equations for unit capacity and effective
equi val ent demand forced outage rate using the two-state nean and vari ance
values. The resulting nodified two-state equations are:

c = T and EEFOR; = [°
1 - EEFOR/ T + [
where C = nodified two-state unit net capacity, MN and

EEFOR, = nodified two-state EEFOR, per-unit.
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Iltem C

Rul es for Consistency of Generator Qutage Rate Cal cul ations(*)

Any errors or inconsistencies found in the PJM Qutage Data History File
nmust be corrected.

Al'l revisions to outage rates, for reasons of data integrity, must be
acconpl i shed by revising the PJM Qutage Data History File. |If this is not
possi bl e, nmanual revisions to the rates cal cul ated by the Generator Qutage
Rate Program nust nmeet the foll ow ng conditions

a) The manual adjustment must be docunented and presented to the
Generator Unavailability Subcommttee no later than one nonth prior to
the rate publication deadline.

b) The manual adjustnment nust be approved by a nmajority of the CGenerator
Unavail ability Subcomittee nmenbers.

c) The manual adjustnment must be docunented in the rate publication

d) The discrepancies found in the PIJIM Qutage Data History File which
necessitated the manual adjustnment nmust be corrected through
est abl i shed data correction channels to avoid future manual
adj ust ment .

Any out ages due to natural disasters (e.g., 1972 Agnes Fl ood), which the
Cenerator Unavailability Subcomrittee determines to have a | ow probability
of recurrence, can be elinminated fromthe outage history when cal cul ating
outage rates for use in forecasting. These special events are recorded in
the GORP nodification file.

A unit’'s forced outage rate may be discounted to reflect an official
capacity derating provided the follow ng conditions are net:

a) The derating caused the term nation of a forced partial reduction
which reflected the unit’s reduced capability during the period from
January 1, 1972 through May 31, 1974 (1).

b) Formal docunentation of the derating adjustnent nust be presented to
the CGenerator Unavailability Subconmittee no later than one nonth
prior to the rate publication deadline.

c) The derating adjustnent nust be approved by a mgjority of the
CGenerator Unavailability Subconmmttee nenbers.

d) The derating adjustnent nust be docunmented in the rate publication
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Iltem C

Rul es for Consistency of Generator Qutage Rate Cal cul ations(*) (continued)

(conti nued)

The rate discounting is acconplished by deleting the reported forced
partial outage time fromthe Qutage Data History File and subtracting the
forced partial reduction capacity fromany net maxi nrum dependabl e capacity
that was reported concurrently with the reduction (2).

The annual unit EFOR, will be 100% for any period of operation after 1992
during which mininmumreporting requirenents are not met. M ni num
reporting requirements are defined as either GADS event data or actua
hourly net generation for units less than 10 MN Table II1 val ues for
EFOR, will be used for all years prior to the first full year of operation
and for all non-reported years prior to 1992

Conpani es that are unable to conply with the m ni mum reporting
requi renents after 1992 have the option to appeal to the Planning and
Engi neering Conmittee for an alternative to the 100% EFOR, rul i ng.

(*) These rules were fornul ated by the Generator Unavailability
Subcommi ttee, approved by the PJM Pl anni ng and Engi neering Committee
at its Novenber, 1974 (172nd) neeting, and published in the Decenber
1974 GUS report to P& titled "Forced Qutage Rates and Unavail abl e
Capability Due to Planned and Mii ntenance Qutages for the PIM

Suppl enment al Agreenent . "

It would not be feasible to adjust for deratings prior to this period due
to less stringent data reporting requirements that were in effect.

Adj ustnents for deratings occurring subsequent to this period are not
legitimate. The PJM contract contains provisions to rerate units within a
reasonabl e time. During periods where a unit is overrated and a forced
partial reduction is reported, the higher capacity tends to conpensate for
the increased forced outage rate and future forecast capacity obligation
Thus, an adjustment for the partial reduction in the outage history would
provide a redundant credit.

An exanple of a unit satisfying condition 4a. is England 1. The reported

maxi mrum net dependabl e capacity of this unit for the period 1/1/72
through 5/31/74 was 132MN  For the entire 29 nonth period, the unit had
a 5MWforced capacity reduction. The unit was derated 5MNeffective
6/1/74. |In conpliance with these rules, the 5MNforced reducti on was
deleted fromthe PJM Qutage Hi story File and the net maxi num dependabl e
capacity was changed to 127MWN (132MWN i nus 5MA for use in determning the
equi val ent out age hours.
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Iltem D

Def erred Mai nt enance Forced Qutage Adjustnent Cal cul ation Guidelines

Units with Deferred Maintenance are afforded special treatnent so as not
to penalize the conpany for its inability to repair a unit because of
financial constraints. Capacity can also be put in this category if the
conpany has nmore than it needs to neet its requirements and does not need to
repair the unit.

The event for which the Deferred Miintenance classification was requested
had to be a forced outage, since extensions of planned and nai nt enance out ages
for the same cause as the original outage are treated as planned and
mai nt enance out ages, respectively. Furthernore, forced outages are penalized
in the determ nation of each PJM nmenber conpany’s installed capacity
obligation. Hence, only forced outage events would require adjustnment. The
time the unit is on deferred mai ntenance has two conponents: Estinmated Repair
Time and Defernent Period. The unit’'s history will include a forced outage
event which is assumed to start inmediately and has a duration which includes
the Estimated Repair Tinme. Wen the estimated repair tine has el apsed, the
Def ernment Period begins and continues until the date and time requested when
application was made for Deferred Mintenance.

For units entirely on deferred maintenance, the outage statistics for the

"m full calendar nonths prior to the start of the Defernent Period are to be
used for all outage data cal cul ations, unless manual adjustnments are necessary
to correct event data errors. Once the unit has been returned to active

status, the "mx’ full cal endar nonths before and 'x’ full cal endar nonths

after the Defernent Period conprise the 'm full cal endar nmonths of operating
experience data needed to cal culate the equivalent forced outage rate (i.e.

36 for reserve allocation and 60 for reliability usage). It will be necessary
to use this split time interval until three full cal endar years of operating

experience are again continuous.

For units partially on deferred naintenance, the outage statistics for the
latest 'n’ full calendar years (including the defernment period) are to be
used. Manual calculations are necessary to renove the effects of the forced
out age event during the deferment period. The equation used to adjust the
equi val ent forced partial outage hours is:

EFPOH = EFPCH - (l - EFO?m) * (PHDF - O_|DF) * (MMED/ M/\-leT)
wher e:
EFPOH = adjusted equivalent forced partial outage hours,

EFPCH = -equivalent forced partial outage hours for the current 'n’ year
peri od,
EFOR,, = equivalent demand forced outage rate for the last 'n’ ful

cal endar years of history prior to the start of Deferred
Mai nt enance (per-unit),

PH, = def erment period hours enconpassed by the current
peri od,

n’ year
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Iltem D

Def erred Mai nt enance Forced Qutage Adjustnent Cal cul ation Guidelines

(conti nued)
oH, = full forced, maintenance and pl anned outage hours that occur
within the deferment period hours of the current 'n’ year
peri od,
MAL, = anmount of capacity on deferred maintenance (MA,
MA,, = unit net summer installed capacity rating (MY, and
n = appropriate nunber of cal endar years:

3 for reserve allocation usage, or
5 for reliability (GEBCE) usage.

The following tinme Iline and tine wi ndow expl anations indicate the
appropriate PH and OH values to use in the EFCH adj ustnent equati on.

I
| <----- Total Time Unit has Capacity on Deferred Mintenance ----- >|
I I I
| <--- Estimated Time --->|<---------- Def erment Period --------- >
| of Repair |
| (Forced Qutage Tine) | | <-- Full CQutage -->|
I I a1 2 o) I
TO T1 T2 T3
<--- Wndow 1 ------- >|
L Wndow 2 ---------omoom-- >|
S Wndow 3 ---------- >
I I
cal endar cal endar
year end year end
W ndow 1:

Since the defernent period has not yet begun, the outage data for the
latest 'n’ full calendar years nust be taken directly fromthe appropriate
GORP run. The forced outage hours will include the event for which Deferred
Mai nt enance has been requested and no adjustments are to be made to the
equi val ent forced partial outage hours, EFPOH  The estimated time of repair
has not yet el apsed.

W ndow 2:
Si nce the window i ncludes part of the defernent period, a nanua
adj ustnent is now necessary. For the adjustment, the period hours in the
deferment period, PH(DF), are shown in the diagramas the tine fromT1 to T2.
The total full outage hours due to forced, maintenance and pl anned outages,
OH(DF), are shown in the diagramas the tinme fromQOL to Q2.
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Def erred Mai nt enance Forced Qutage Adjustnent Cal cul ation Guidelines
(conti nued)

W ndow 3:
Since the window still includes part of the defernment period, a nanua
adjustnment is necessary. For the adjustnment, the period hours in the

deferment period, PH(DF), are shown in the diagramas the tine fromT1 to T3.

The total full outage hours due to forced, naintenance and pl anned out ages,
OH(DF), are shown in the diagramas the time fromOL to 3. The equival ent
forced outage rate used in the equation is that previously determ ned for
W ndow 1. The equivalent forced partial outage hours to be used in the
equation are those occurring in Wndow 3 which are determined fromthe
appropriate GORP output by subtracting the unit’s full forced outage hours
fromits equivalent full forced outage hours (EFPOH = EFOH - FOH). A W ndow
3-type adjustnment must be made until the defernent period is no | onger
included in the 'n' full calendar years of the w ndow

The equival ent forced outage rate (EFOR) can now be cal cul ated using
Section Ill, Equation 2 given on page 5

Iltem E

Capacity Variance Cal cul ation Procedure for Existing Units

The capacity variance is one of the inputs to the GEBCE program which is
used to determ ne the PIJM capacity reserve requirement. Theoretically, the
capacity variance of a unit is calculated using the equations

n
T = ;(C*P) C = (1D) *C
i=1
and
n
= 5(¢-m° *P
-
where T = nean, MWV
n = nunber of states,
C = capacity available at state i, MN
P, = probability of being in (i.e., the
outage rate for) state i, per-unit,
D = wper-unit capacity deration at state i,

= net sumrer installed capacity, MAN and
[? = wvariance, MAN.
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Iltem E

Capacity Variance Cal cul ation Procedure for Existing Units

(conti nued)

However, to utilize the information readily available in the outage
statistics, a somewhat nodified approach has been taken. For PIJMreliability
calcul ations, the effective equival ent denmand forced outage rate represents
the mean per-unit unavailability. Therefore, the nean capacity can be
expressed as

T = (1- EEFR) * C

Si nce the EEFCR includes 25% of the equival ent nai ntenance outage tine, it is
a nmeasure of the unit’'s unavailability due to all unplanned outages.

Therefore, the partial outage state probabilities nust be based on the tota
unpl anned outage tinme spent in each state. A naintenance f-factor has been

i ntroduced to transformthe nai ntenance outage tine froma period hour to a
demand hour basis so it can be added to the forced outage tinme. The

mai nt enance f-factor, which also included the 25% proportioning, is defined as

SH + f, * FOH DH

4 * PH 4 * PH

The total forced and mai nt enance outage time spent in each state is:

100% forced out state (100% out) ----> H,, = f, * FOH+f,_ * MH
partial forced out state (i%out) --->H = f * FPOH + f_* MPCH
100% avai | abl e state (0% out)  ----- >H= DH - H,- , H

The probability of being in each state is sinply the ratio of the tinme spent

in each state to the total tinme, or
PO = HO PlOO = HlOO and Pi = H

DH DH DH
The individual state variances can now be cal cul ated using the equation
100

; ((1-D)*C-T° * P ,
i i =0

—
N
Il

wher e D = per-unit average unavailability of state i,

Cc = unit net summer installed capacity, MAN

T = nmean capacity, MAN cal cul ated using the
unit’'s EEFCR

P = per-unit probability of being in state i
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Capacity Variance Cal cul ation Procedure for Existing Units
(conti nued)

This procedure has been incorporated into the Generator Qutage Rate
Program (GORP) and is used to produce the information displayed in the "Unit
Variance and Partial Qutage State Report."

Future Unit Variance

Vari ance values for future fossil and nuclear units were determ ned by

exam ning the historical statistics for each unit type. A scatter diagram of
the unit equivalent forced capacity C was plotted against the square root of
variance to yield the foll owi ng equations:

Fossil Steam Unit Vari ance

.5
(VO =1.1*C + 40
OR
2
Ve = (1.1* G + 40)
Nucl ear Unit Vari ance
.5
(VN) =0.8* C + 140
R
2
(VN) = (0.8 * C + 140)
VHERE:
VF = fossil unit variance

nucl ear unit vari ance

(VY

C = unit capacity X unit EEFOR,

Variance values for future internal conbustion, conbined cycle and hydro units
were determined using the standard two-state nodel cal cul ation:

I nternal Conbustion, Conbined Cycle and Hydro Unit Variance

2
V = (1 - EEFOR) * EEFOR, * C

WHERE:

V Unit Vari ance

C

Unit Capacity
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Cenerator Unavailability Subcomrittee Prograns

| nt roducti on

To prepare the three reports described in Section |V, it is necessary for
the Generator Unavailability Subcomittee menbers to anal yze the raw out age
events and process it to yield outage data for all of the existing units. For
PJM Suppl emrent al Agreement work, the individual unit force outage rates are
used to deternine the conmpany average forced outage rate. Although this work
can be done nanual |y, several conputer prograns have been witten to
facilitate processing the outage data events and cal cul ati ng the necessary
outage rates. The prograns currently available are:

CGenerator Qutage Rate Program ( GORP)

Suppl erent al Agreenent Average Conpany EFOR Program

A summary describing each programis presented on the foll owi ng pages.
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CGenerator Unavailability Subconmm ttee Prograns (continued)

Cenerator Qutage Rate Program ( GORP)

The Generator Qutage Rate Program was devel oped for use by PIMwith
the primary purpose of devel oping outage rates for use in reliability
studies and in capacity reserve allocations. Specifications for this
program were devel oped by the PJM Generator Unavailability Subcomm ttee
and program devel opment was perfornmed by the PJM Program Devel opnent
Subcommittee (*).

GORP is actually two programs, an edit and a nmain program which can
be executed separately. The GORP EDI T program processes the PIJM GADS
Qutage Rate History File and the PJIM Minthly Data File to produce an
edited and reorgani zed file for use by the MAIN program Errors detected
during the edit are listed in an output report and the data in question is
either nodified or deleted fromthe output file produced by this program

The file reorgani zation is designed to inprove the execution speed of the
MAI N program

The EDI T program can produce a back-up file consisting of all the data
sets required by the MAIN program It can also read the back-up file and
recreate these data sets in the formrequired by the MAIN program This
feature enables transferring the data files for use at a different
conputer installation within the Interconnection

Finally, the EDIT program can output the Attri bute and Cause Code
Description Files used by the MAIN program The Cause Code File can be
nmodi fi ed using control cards. The Attribute File can be nodified by
altering the card image input to the EDIT programroutine which creates
the Attribute File.

The MAI N program processes user input control cards which define the
scope and desired output for a given study. The files produced by the
EDI T program are then processed to accunul ate outage data into the various
groupi ngs defined by the user. After accumul ating the outage data, the
Mai n program cal cul ates the various rates and other statistics in
accordance with the user defined specifications for this run. The desired
reports are then produced.

The MAIN program can produce five reports. A brief description of the
i nformation provided in each foll ows:

(*) Refer to the docunment titled "Specifications for the PIM Qutage Rate
Program for Installed Capacity Studies," prepared by the
CGenerator Unavailability Subcommttee and transnitted to the PIM
Pl anni ng and Engi neering Conmittee via J.A Hynds letter to R J.
Donal dson, Jr., P&E Committee chairman, dated April 9, 1973.
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CGenerator Unavailability Subcomm ttee Prograns (continued)

1. GCenerator Qutage Rate Program (GORP) (continued)

Unit Summary Report

This report provides outage rates and rel ated data for individua
units or groups of units. Information in this report is the basis for
determ ning outage rates used in reliability studies and capacity
al l ocation runs.

Cause Code Conmponent CQutage Rate Report

This report categorizes the information in the Unit Summary Report
according to equi pment conponents. It is useful in determ ning problem
areas for specific units.

Probability of Unit Partial Qutage State Report
This report categorizes partial outage events into ten partial outage
states representing reductions in unit capacity. Each state represents
10% of the unit’s full load capability. This information, along with data
for the 100% avail abl e and 100% forced out states, is used to calculate
the capacity variance of each unit for use in reliability studies.

|. O Code Conponent CQutage Rate Report

This report sunmarizes the forced and mai nt enance outage event
information into classifications defined by the postponability of the
outages. This information should be useful to other groups, such as the
PJM Mai nt enance and Operating Commttees, who need to define outages
differently than the PJM Pl anni ng and Engi neering Comittee.

Unit Variance and Partial Qutage State Report

This report displays the effective forced outage rate, schedul ed
outage factor and capacity variance values required for the "Pl anning
Study Qutage Data Report." Also, the outage state sunmary shows all of
the capacity state values used to cal culate the capacity variance. O the
101 potential outage states, only those with values are displ ayed.

Consult the programis User Guide to obtain detailed input and out put
i nformati on.

A sanple, typical output from GORP is provided on pages 41-43 of this
docunent .

2. Suppl enent al Agreenent Average Conpany EFOR Program

This program was devel oped for use by PIMwith the primary purpose of
cal cul ati ng conpany average forced outage rates for use in devel opi ng
conpany forecast installed capacity obligations in accordance with the PIJM
Suppl ement al Agr eenent.
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CGenerator Unavailability Subcomm ttee Prograns (continued)

2. Suppl enental Agreenent Average Conpany EFOR Program (conti nued)

It is a sinple, straightforward program which cal cul ates wei ghted
average forced outage rates on a planning period basis for as nany period
as required by the input data. The programrequires four pieces of
i nformati on for each capacity change entered:

- capacity designation (up to 15 characters),

- service date, e.g., 12 94 (blank for existing capacity),
- installed capacity value, MN(negative for retirement),

- forced outage rate, per-unit.

Capacity changes that occur within a given planning period are
assigned wei ghting factors which prorate the capacity to reflect the
portion of the period for which it will be inservice. The program
interprets a capacity change with a service date of '5 94’ as taking place
at 24:00 on May 31, 1994, neaning it will be in effect for the entire
pl anni ng period, and is assigned a weighting factor of 1.0. A capacity
change with an entered service date of 10 94’ is interpreted as taking
pl ace at 24:00 on Cctober 31, 1994, neaning it will be in effect from
Novenber through May or seven nonths of the planning period, and is
assigned a 7/12ths, or 0.58333..., weighting factor.

The wei ghted capacity values for each change is nmultiplied by its
forced outage rate to yield its contribution to the forced outage
capacity. For each planning period, these forced capacity values are
sumed and di vided by the sunmation of the weighted installed capacity
values to yield a weighted average forced outage rate. The val ue
calculated for existing installed capacity applies to all subsequent
pl anni ng periods until a capacity change occurs. Simlarly, the value
calculated for any given planning period applies to all subsequent
pl anni ng periods until another capacity change occurs.

NOTE: Since the program cannot distinguish an equival ent denand forced
outage rate froma forced outage rate cal cul ated according to any ot her
met hod, it will accept any input value between 0 and 1. However, the PJM
Suppl enmental Agreenment inherently requires that conpany forced outage
rates be determ ned using equival ent demand forced outage rates because it
requires the use of unit forced outage rates as determ ned by the Pl anning
and Engi neering Conmttee, which has approved the use of equival ent denmand
forced outage rates." (*)

(*) Refer to the PJM Suppl emental Agreenent: Schedule 2.11 (b)(5),
"Quidelines for Calculation of Forecast Requirenents of the
I nterconnection," issued April 1, 1974, effective June 1, 1974; and
Schedul e 2.212, Revision No. 1, (d-g), "Forced Qutage Rate Adjustments
(F)," issued June 15, 1977, effective August 1, 1977



