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Considerations of a System
Restoration Plan



Lesson Objectives

 Discuss some common understandings and
assumptions for PJIM and company system
restoration plans.

« |dentify company-specific information which the
operators need to become familiar with at their
individual company.
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System Restoration Plan Concepts

« The PJM Control Area has the capability of being
completely restored from a shutdown state within 24
hours!

* The majority of the system (80%) is capable of
being restored within 16 hours.

 Internal LCC bulk power transmission systems are
capable of being restored within 10 hours.
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System Restoration Plans Concepts

* These restoration times may be difficult to achieve
due to:
— Current scheduling strategies
— Amount of nuclear units operating
— Direct purchases

* These times are goals, however, and should be
strived for in restoration plans.
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System Restoration Plans Concepts

 Each LCC is responsible for restoring its own
customer load with:
— Internal generation
— coordinated efforts with other LCCs

« A LCC not operating in parallel with another LCC is
free to restore or shed load in any manner and rate it
deems practical.
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System Restoration Plans Concepts

* Enough equipment and staff are available at
generating stations to assure safe shutdown and to
be capable of being restarted as soon as cranking
power becomes available.

* Where practical, redundancy in the supply of
cranking power should be established.
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System Restoration Plans Concepts

e PJM Black Start Standards

— Energy control centers are provided with adequate on-site
facilities to provide a minimum of 24 hour stand-alone
capability.

— Substations on the bulk power system must have a
minimum of 8 hour stand-alone capability.

— Generating stations are provided with a minimum of 2
hour stand-alone capability.
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System Restoration Plans Concepts

 Restoration Plan Assumptions

— All transmission and generation facilities are available for
service and are undamaged.

— All telephone and communication systems are functional.
— Emergency energy supply systems are operational.

— Fuel inventories are adequate

— Substation battery capability is adequate

— All circuit breakers are operational without station service
being available.
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System Restoration Plans Concepts

* Restoration Plan Assumptions (cont)

— Manpower requirements can be met by available
personnel.

— Any additional manpower is assumed available through
existing manpower procurement procedures.
* All of these assumptions are potential things that
could (and probably will) go wrong during
restoration!
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Company-Specific Information

 QOverall company strategy for system restoration
— What method is preferred?
— Where do you start?
— What is the general path of restoration?

 Synchronizing points

— Where are the circuit breakers on your system with
synchro-check relays?

— Where are the synchroscopes?
— Are these designated on prints? EMS?
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Company-Specific Information

 Critical loads
— What path do you take to get your two nuclear feeds?
— Who does your company consider critical customers?
— Do you know where these customers are?

— Do you know where the under-frequency relayed circuits
are?

— Are these circuits designated on prints? EMS?
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Company-Specific Information

* Hydro generation considerations
— How do you intend to use these resources?

— Will you pump at a pumped storage plant if you still have
customer load off?

-52 @2dz aal ¥gSé GKS g GSNX
— How much time (MWHRSs) of generation do you have left
before running out of water?

— Are you coordinating with the other hydro generation
owners and PIM?
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Company-Specific Information

* Non-utility Generation
— Do you bring this on?
— What do their contracts say?
— Can these units/operators control frequency?

 Black-start units
— Do you know where they are on your system?

— When is the last time they were tested?

— Do the generating station operators know how to black-
start the units?
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Company-Specific Information

 Testing of the Restoration Plan

— When was the plan last updated?
» Does it include ALL generation and transmission?

— How do you test your plan to ensure operational
feasibility?
* Training of the Restoration Plan
— Do you know where your Restoration book is?

— PJM restoration drills (2/year)
« How long since you participated in one?

— Does your company offer additional company specific
restoration training?
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Summary

« ¢K2dzZAK Sl OK O2YLJ) yeéeQa NI
there are some rules and philosophies that are
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assumptions as to initial conditions.

 Each dispatcher is responsible for knowing the
company specific information contained in their
O2YLI yéeQa NBau2N} GAZ2Yy LI

PIM©2011 16 11/4/2011



System Restoration at PJM




Lesson Objectives

 Discuss the importance of effective communications
In a restoration situation.

 Define Dynamic Reserve and determine what are
adequate system reserves during system restoration.

 Explain the role of PIM in a system restoration.

 Gain a working familiarity with the required reports
and forms used In a system restoration.
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Communications

« All forms of communication are critical for prompt
system restoration including:
— Voice (the most important)
— Print (fax, e-mail)
— SCADA
— Data exchange via computer
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Communications

« Effective communication must take place between
dispatchers and:
— other dispatchers (LCC, PIM, other Control Areas)
— Generating plant personnel
— Substation personnel
— Management
— Federal, State and Local authorities and agencies

— Corporate Public Relations
* who, in turn, will communicate with the media
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Communications

 Dispatchers need to be familiar with all back-up
means of communication in the event of a failure of
primary means of communication including:
— Backup phones
— Radios
— Cell phones
— Satellite phones
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Communications

Consequences of lack of understanding of a message
are much higher in a system restoration!

All data (print, EMS) must be sanity checked prior to
acting on It.

All data and information must be verified prior to
dissemination (especially to media, government,
etc.).

Be sure you know who you are talking to!
— Potential for crank calls
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Communications

Donot s

Be clear

Be concise
Be accurate
Be confident

Use NRepe
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Guess
Use nfuzzy

Assume
understanding

Be %frald t(& cguestlon

11/4/2011



Communications

 Logging is critical in system restoration.
* Logs must be complete, accurate and readable.

 Logs should include relevant data to support
strategic decisions and specific actions taken.

 Logs will be examined by various groups after-the -
fact.

* All entries must be in accordance with LCC protocols
using the correct terminology.

« Remember, logs are legal documents!
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Reserves During Restoration

» Two categories of reserves to be monitored in system
restoration:

— Synchronous reserve
» modified slightly

— Dynamic reserve

 enables system to be operated safely upon the loss of the largest
energy contingency

» Calculation of other reserve categories (l.e. quick
start, operating, etc.) are not required during a
system restoration.
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Reserves During Restoration

« Synchronous Reserve

— For a system restoration, Synchronous reserve is defined as:
 on-line generation that can be loaded within 10 minutes OR

* load (including customer load) that can be shed manually in 10
minutes.

— Enough synchronous reserve must be carried to cover an
| NDBldrg@shenergy contingency.

— Largest contingency may or may not be the largest

generator on the system.

A transmission line carrying generation from a plant may cause
more of a loss of generation than the loss of a single unit.
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Reserves During Restoration

* Dynamic Reserve

— Amount of available reserve in order to preserve the
system during a frequency disturbance.

— Amount of reserve must be enough to survive the largest
energy contingency.

— Dynamic reserve consists of two components:
» Reserve on generators that is available via governor action
 Load with under-frequency relaying

— Dynamic reserve is automatic, as opposed to spinning
reserve which is manual.

— Dynamic reserve must be calculated for each island.
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Reserves During Restoration

* Dynamic Reserve from Generation

— Amount of Dynamic Reserve needed is determined by
ISYSNY G2NJ [ 2R t AO1dzLd CI O
the system

— Load Pickup Factors = maximum load a generator can pick
up as a percentage of generator rating without incurring a
decline in frequency below safe operating levels (57.5 Hz)
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* OR unloaded capacity; whichever is less.
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Reserves During Restoration

* Dynamic Reserve from Under-frequency relaying

— Load is tripped at frequencies above where units are
disconnected from the system (57.5 Hz)

— Arrests further frequency decay.

—wS adzt 0 &F deyyO GoAaiySEL F NS lj dzSy O é

— Resist restoring under-frequency load early in restoration
process due to unstable frequency.

— Under-frequency relay load should be no more than 50%
of total Dynamic Reserve.

 If more U/F load is restored, can only take credit for up to 50% of
total Dynamic Reserve.
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Reserves During Restoration

Very early stages Do not restore
of system restoratio underfrequency load

As system become:
more stable and
upon interconnectio

Monitor dynamic
reserve

As system become: All systems agree

very large and stabl to suspend dynamic
reserve calculation
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Reserves During Restoration

Frequency Response
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Reserves During Restoration

* Dynamic Reserve Sample Calculation

— A system has 300 MW of steam capacity, 400 MW of CT capacity and
100 MW of hydro capacity. The load pick-up factors are 5%, 25% and
15% respectively. 50 MW of under-frequency load shed is restored.
Largest contingency is a 100 MW steam unit.

— Governor Response

. (5%)(300 MW) = 15 MW
. (25%)(400 MW) =100 MW
. (15%)(100 MW) = 15 MW
. TOTAL = 130 MW

— Largest contingency adjustment
. (5%)(100 MW) = -5 MW
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Reserves During Restoration

* Dynamic Reserve Sample Calculation

— Governor Response
- TOTAL =125 MW

— U/F load =50 MW
— Total Dynamic Reserve = 175 MW

 Let's do Exercise SR-7!
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Interconnection of LCCs

 PJM Actions:

— Act as coordinator and disseminator of information
relative to generation and transmission availability
* |dentify opportunities

— Keep LCCs apprised of developing system conditions
— Provide updated hydro capability
— Direct the restoration of the EHV system
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Interconnection of LCCs

e LCC Actions:

— Ensure adequate reserves prior to interconnection
» 18 Questions

— Adjust frequency of smaller area to match frequency of
larger area

— Adjust voltages to as close as possible at synchronization
point

— Assign frequency controller and tie-line controller

— Regulation = 2% of system load

— Use synchronous reserve (including load shed) to keep
frequency above 59.5 Hz
* 6-10 % of load for 1 Hz
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PJM Assumes Control

 PJM assumes control of an area when:

— control of the area becomes too burdensome for any one
LCC

— PJM desires to assume control to facilitate EHV restoration
or establish tie lines with adjacent system.

— If three or more internal PIM companies are tied together

* PJM needs accurate system status information prior
to assuming control of the restoration!
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PJM Assumes Control

 PJM Actions:

— Assimilates required information on reporting form
* More later!

— Determines required Dynamic and Synchronous reserve
for area based on largest contingency
 Assign reserve proportional to capacity

— Determine regulation requirement
» 2% of interconnected area load
« Assign regulation proportional to connected load

— Coordinate hydro operations
— Monitor unit capabilities
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PJM Assumes Control

e LCC Actions:

— Continue returning generation and load to maintain
frequency.

— Report returning units to PJM dispatcher

— Maintain established tie scheduled with other LCCs until
PJM returns to free-flowing tie conditions

— Respond to emergency procedures as initiated by PIM.

— LCC request PIM approval prior to the closure of any
reportable transmission line or a line that establishes an
Interconnection to an external system
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PJM Assumes Control

e LCC Actions:

— Coordinate with PIM any change to pre-existing schedules
(internal or external)

— Maintain communications with PJM dispatcher to provide
updated status of system conditions in addition to the
hourly report.
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PJM System Control

« Manual Control
— No ACE is calculated.
— Regulation dispatched manually via ALL-CALL
— Frequency controlled manually

— Any required load shedding assigned on a proportional
basis based on load.

— Emergency procedures initiated as required.
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PJM System Control

 Flat Frequency Control

— If PIM not connected (or on diesel), frequency can be
manually entered.

— Frequency bias setting (1% of load) must be readjusted as
load changes

— Automatic regulation is now possible.

ACE = (Frequency Deviation, Hz)(Frequency Bias MW/.1 Hz)(10)
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PJM System Control

* Tie-Line Bias Control

— Used when control area to control area tie lines are In
service.

— This Is the normal control mode.

— Frequency bias (1% of load) needs to be adjusted as load
changes

— PIM will facilitate delivery of energy from remote systems.

ACE = (Frequency Deviation, Hz)(Frequency Bias MW/.1 Hz)(10) + (Tie SchedigeActual)

Area Area
supplying L = wheeling

power

power
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PJM System Control

 Control Mode Assignments

Eastern

Interconnection

Flat Frequency Control

Requires: Frequency Source, Frequency
Bias

Frequency bias = (0.01)(Company A Load)

ACE = (Frequency Deviation, Hz)(Frequency Bias MW/.1 Hz)(10)
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PJM System Control

« Control Mode Assignments

Company B
Company A

Flat Tie Line Control  Flat Frequency Control

Requires: Tie Line Schedule, Actual Tie Requires: Frequency Source, Frequency Bi;
line flow Frequency Bias = (0.01)(Total System Load)

ACE = (Tie ScheduleTie Actual)
ACE = (Frequency Deviation, Hz)(Frequency Bias MW/.1 Hz)(1
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PJM System Control

« Control Mode Assignments

If Company A has synchronized generation

Company A

Eastern
Tie-Line Bias Control

Requires: Frequency Source, Frequency E
and Tieline Schedules and Actual Tie Line
flow.

Interconnectio

Frequency Bias = (0.01)(Company A Load)

PJM can calculate this.

ACE = (Frequency Deviation, Hz)(Frequency Bias MW/.1 Hz)(10) + (Tie SchedigeActual)
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PJM System Control

« Control Mode Assignments

Company A

Eastern

If Company A is radial load:

Flat Tie Line Control

Requires: Tidine Schedules and Actual
Tie Line flow.

Interconnectio

PJM can calculate this.

ACE = (Tie ScheduleTie Actual)
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« Control Mode Assignments

PJM System Control

ACE = (Frequency Deviation, Hz)(Frequency Bias MW/.1 Hz)(10) + (Tie SchedigeActual)

" Eastern

Company B Interconnectio

Tie-Line Bias Contro

Requires: Frequency Source, Frequency Bias and Tie

line Schedules Eastern Interconnection and Actual Tie
line flows with Eastern Interconnection

PJM can calculate this feacharea.
PIM©2011
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Company A

Tie-Line Bias Control

Requires: Frequency Source, Frequency Bia:
and Tieline Schedules with Eastern
Interconnection and Actual Tie line flows with
Eastern Interconnection.

PJM can calculate this femacharea.
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PJM System Control

Company A

« Control Mode Assignments

Eastern

Tie-Line Bias Control

Requires: Frequency Source, Frequency Bias
and Tieline Schedules with Eastern
Interconnection and Actual Tie Line Flows with
Eastern Interconnection.

PJM can calculate this.
ACE = (Frequency Deviation, Hz)(Frequency Bias MW/.1 Hz)(10) + (Tie SchedigeActual)
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PJM System Control

* When conditions permit, PIM will notify LCC that PIM
Control Area is returning to normal operation:
— Free flowing internal ties
— Generation under AGC control
— Control area tie line control
— Published regulation and reserve requirements
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Allocation of Joint Owned Generation

* PJM directs the increase of generation/transactions
when it Is beneficial to the overall restoration

process

* Allocations of energy are not based on ownership
but on the capabilities and needs of the
Interconnected system

 Allocations, if possible, are on a proportional basis
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Guidelines for Use of External Power

 Guidelines developed by System Restoration
Coordinators Working Group based on events of past
drills.

* Any opportunity to connect to the Eastern
Interconnection should be explored as soon as
possible.

 Any available energy from neighboring companies or
control areas should be utilized by a deficient
O2YLJ} yé NB3IFNRfSaa 2F Of
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Guidelines for Use of External Power

 Cranking power to neighboring companies is to be

supplied as a priority to restoring internal customer
load.

« A company connected to the Eastern Interconnection
should supply any available excess energy for load to
deficient company. Stability is not normally a
concern in this situation.

* There is no need to employ or monitor Dynamic
Reserves for companies connected to the Eastern
Interconnection.
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PIM©2011

Guidelines for Use of External Power

Two or more isolated islands under different LCCs

that are interconnecting must adhere to the
ddzA RSt Ay Sa aSi dzLl Ay UK
5SaA3IAYIFI ISR AU0SYa FTNRBY Of
not required for an island tying to the Eastern
Interconnection. These items deal with dynamic

reserve and frequency stability. (more later!)

PIM will set-up and coordinate any interchange
schedules with external control areas.
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Guidelines for Use of External Power

* Once connected to the Eastern Interconnection, a
company MUST carry adequate Synchronous
Reserves so as not to burden the Eastern
Interconnection. This reserve may be in the form of
unloaded generation or load shed. Company may
have an option to enter into a reserve sharing
agreement with the external area.
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Restoration Forms

« Information required for the following situations:
— Initial Restoration Report
— Hourly Restoration Report

— Information exchange between two companies prior to
Interconnecting

— Information exchange prior to PIM assuming control of
restoration
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|
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COMPANY INITIAL RESTORATION REPORT

Reporting Company: Date:
Reporting Contact: Time:

Generation Lost (Capacity)

Generation Still Operating (Capacity)

Generation Still Operating (Energy)

# of Generators on Line

# of Subsystems (Islands)

Customers Load Lost

% of Customer Load Lost

# of Customers Lostin (000)

% of Customers Lost

Total Restoration Expected to be Completed by, Date/Time
Equipment Damage:

Comments (Any outside ties with systems external to PJM that may have survived, etc.):

Capacity — Rated Load Carrying Capability.
Energy - MW Loading on a Machine.

Exhibit 10: Company Initial Restoration Report
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PJM COMPOSITE INITIAL RESTORATION REPORT

Date:

/

Time:

| HRs

Generation Data by transmission Zone

Company Report Time:

PJM

Company:

RECO

PS

PE

AE

DPL

PL

JC

ME

PN | BC | PEP | DOM AP

DLCO

DAY

AEP

COM

Total

Generation Lost
(Capacity) MW

Generation still Operating
Capacity (MW)

Generation still Operating
Energy (MW)

# of Generators on Line

# of Subsystems

Lo

ad D

ata by Transmission Zone

Company Report Time:

PJM

Company:

RECO

PS

PE

AE

DPL

PL

JC

ME

PN | BC | PEP | DOM AP

DLCO

DAY

AEP

COM

Total

Customer Load Lost MW

% of Customer Load Lost

# of Customers Lost (000)

% of Customers Lost

Estimate for Total
Restoration (Date/Time

PIM©2011

Exhibit: PJM Composite Initial Restoration Report
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PIM©2011

COMPANY HOURLY GEMERATION RESTORATION REPORT

Date:

[ Time:

Reporting Company:

Transmission Zone:

Company Contact:

Estimated Time to Complete Total Restoration:

Drate: Time:
GENERATION REPORT: MW | LOAD RESTORATION REPORT: MW
Generation: Capacity on Line Total Customer Load Restored
Generation: Energy on Line # Of Customers Restored (000)
# Of Generators on Line % Customers Restored
# Of Subsystems (Islands) % Customers Restored Last Hour
CAPACITY DUE IN:
Generation in One Hour (1)
Generation in Three Hours  (3)
Generation in six Hours (6)
UNITS ON LINE SINCE LAST REPORT
Station Uit MW [ Station Uit MW
UNITS EXPECTED DURING NEXT HOUR
Station Unit MW | Station Unit MW
Damage detected since last report / comments:
CRANKING POWER
From Company to Station kV Time From Company to Station kW Time

Exhibit 12: Company Hourly .355»-5-'.:: tion Restoration Report
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COMPANY TRANSMISSION RESTORATION REPORT

Date:

[Time:

Reporting Company:

Company Contact:

“*This report should be submitted every 10 lines restored or 30 minutes. During drills, reports may be e-

mailed

to RestorationDrill@pjm.com. All Transmission Owners will use facility listings for their transmission

systems

which include the following information:

EXAMPLE DATA

L . _ Date Time Energized since | Expected in Next
~ Sl LR T Restored Restored Last Report (7) Hour (7}
5003 Keystone — Conemaugh 01/01/00 Q800 X
5004 Keystone — Juniata X

- . - Date Time Energized since | Expected in Hext
ID Al St 5oy Restored Restored Last Report (7] Hour (7)

Exhibit 13; Company Transmission Restorafion Report
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INFORMATION TO BE EXCHANGED BETWEEN TWO COMPANIES/AREAS PRIOR TO

: INTERCONHNECTING
: Data Tims Company: Cantact
i Heighbor Codirsa: Contsct
L
| Company Melphisor § Area
| A, Are you Presently Inkerconnected TE V| TE 4/ [0
If Ves, Company Area
L Exizting Tie = Line Zchedules In EFfect
| ko Il Pl
s b R R
| [ Rl !
\E. Do Vou Meed Cranking Power? YE ] TE g {u]
| If *r'e:z, Hoow Bluch [k L% kY
12, Can Wou Zupply Encrgy® YE ] YE [ lu]
! IF 7'z, Hoow Bluch Bl Pl
\D.  System Load Restaration [MW] I YW
| And % OF Load Restared x =
|l
I"E.  Load Restored With Underfrequency Relaging Enabled B0 Hz MW (B0 H [T
i 53 H: Mw 53 H (S
! 53 H= M (53 H Fulwd
1
1 ## He MW | #8 H [T
i 59 Haz Blw |53 H Pl
| 53 H= MW (53 H [T
| 83 Hz Muw |53 H  Mw
“F_ Gensration On Line: Capacdty: " [T
| Gansration On Line: Ensrgy I I
:'G. Generator Governor Reserve Pt P
| + Enabled Underfrequency Relay Reserve R R
| =Total Dynamic Beserv: [k L% kY
IH.  Synchinonous Fesane (Mol including Load Shadding) Il [
| Langest Enargy Contingency Il [
. Frequency Bange Ower Last Hour [Min and Max)
1. TieTo Ee Established [Location]
L. Tic Echedule bo be established Il Pl
IM. ‘which Company will Control Frequency & Coordinate®
(M. which Company [ies] Will Gontral Tie - Line Flow
10, Company That 'ill Coordinate Synchronization OF
' Tic Clasure
P Waltage At Boundary Bus k' kY
G when Will The Tie Be Made® [Time)
: Mame flain Conkact FPhone Mo,
:Ft. Maximum Amount OF Load Pick - Up Without e Pl
L Plotification ¥
5. Are There Any CondRlons That Would Necessiate Cpening A Tie Line
|
|
|
|
|
|
N7 AddRionzl Comments
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PJM ASSUMES CONTROL

Date: | Time:
Eeporting Company:
Regulation synchronous Reserve
MWW MW
Freqguency Confrolled by Er;quency Maintained From 0
DYNAMIC RESERVES:
Underrequency Relays:
Percent at 5095 HZ %% Percent at 59.3 HZ % Percent at 59.1 HZ b
Percent at 59.0 HZ % Percent at 58 9 HZ % Percent at 587 HS %
Percent at 58.5 HZ
Govemor Response:
Steam MW CT's MW Hydro MW
Load Pick - up Factors: Steam Units 5% CT's 25% Hydro Units 15%
Total Load with Underfrequency Relaying MW
Total Governor Response: MW
Total Dynamic Reserves: MW
INTERCHANGE SCHEDUULES ({Company To Company, Company To Outside)
From Co. To Co. MW From Co. To Co. MW

Connected Load

Minimum Source Reqguirements:

765 kY MW of Connected Load MW
500 kY MW of Connected Load MW
345 kY MW of Connected Load MW
230 kY MW of Connected Load MW

Comments:

Exhibi 18: PJM Azsumes Control
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INFORMATION TO BE EXCHANGED BETWEEN TWO COMPANIES/AREAS
PRIOR TO INTERCONNECTING

Date 62772011 Time 1317 (Company: BP&L Contact Boots Hoke
Neighbor ColArea: RG&E Contact Von Fernsler
Company Neighbor [ Area
A Are you Presently Interconnected E MO YES MO
If Yes, Company Area
Existing Tie - Line Schedules In Effect
EP&L to CG&E 100 MW MWV
EBontempo Grd to BP&L 50 MWV WMWY
to iy MWV
B. Do You Need Cranking Power? YES % YES NO
If Yes. How Much I . MWV
C. Can You Supply Energy? &ES) MO YES MO
If Yes, How Much 150 Mw LAWY
0. System Load Restoration (MW} 6O00 MWW MWV
And % Of Load Restored a) o, o,
*E. Load Restored With Underfrequency Relaying Enabled 59.5 Hz MWV 595 H MWW
593 Hz 150 MW B33 H MWW
591 H=z VW 531 H MWW
530 Hz W 530 H VY
58.9 Hz 150 MW 589 H MV
h3.7 Hz VW 3.7 H MW
585 Hz 150 MW 585 H MWW
*F. Generation On Line: Capacity: 6500 MW MWV
Generation On Line: Energy 4850 MW MWW
*G. Generator Governor Resernve 450 MW MY
+ Enabled Underfrequency Relay Reserve 450 MW WY
= Total Dynamic Reserve 900 MW MWW
H. Synchronous Reserve (Mot Including Load Shedding) 1650 MW MWV
|. Largest Energy Contingency 00 MW MWW
*J.  Frequency Range Over Last Hour (Min and Max) 59.95-60.1 Hz
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K. Tie To Be Established (Location) Oaklyn to Acorn
L. Tie Schedule to be established a5 WIVY MWW
M. Which Company Will Control Frequency & Coordinate? X
M. Which Company (ies) Will Control Tie - Line Flow
0. Company That Will Coordinate Synchronization Of
Tie Closure
P. Voltage At Boundary Bus 230 kY KV
Q. When Will The Tie Be Made? (Time)
Mame Main Contact Mo Curley Phone Mo. 5556789
R, Maximum Amount Of Load Pick - Up Without 300 MW WV
Motification 7

S, Are There Any Conditions That Would Mecessitate Opening A Tie Line:
Tie line schedule above 75 MW to RG&E

T. Additional Comments:

L.  Approved by
PJmM:

*- Mot Beguired if connecting to Eastern Interconnection
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INFORMATION TO BE EXCHANGED BETWEEN TWO COMPANIES/AREAS
PRIOR TO INTERCONNECTING

Date 6212011 Time 1317 (Company: BP&L Contact Boots Hoke
Neighbor CofArea: RG&E Contact Von Fernsler
Company Nei or [ Area
A Are you Presently Interconnected E MO YES NO)
If Yes. Company Area
Existing Tie - Line Schedules In Effect
EP&L to CG&E 100 MW MWW
Bontempo Grid to BP&L 50 MW MW
to iy MWW
B. Do You Meed Cranking Power? YES {ND? QE MO
If Yes. How Much — 5 MW
C. Can You Supply Energy? YES) MO YES (NO)
If Yes, How Much 150 MW
D. System Load Restoration (MVWV) 6000 MW 200 MW
And % Of Load Restored a[ oy, 5 o
*E. Load Restored With Underfrequency Relaying Enabled h9.5 Hz MWV B985 H MWV
533 Hz 150 MW B33 H 75 MW
591 Hz MWW 591 H MY
530 Hz MWW 590 H VY
58.9 Hz 150 MW 8.9 H MWV
BT Hz MWW BT H MY
58.5 Hz 150 MW 8.5 H VY
*F. Generation On Line: Capacity: 6500 MW 211 MW
Generation On Line: Energy 4850 MW 200 Mw
*G. Generator Governor Reserve 450 MW 11 MW
+ Enabled Underfrequency Relay Reserve 450 MW 5 MW
= Total Dynamic Reserve 900 MW 22 MW
H. Synchronous Reserve (Mot Including Load Shedding) 1650 MW 11 MW
I.  Largest Energy Contingency 00 MW 200 MW
*J.  Frequency Range Over Last Hour (Min and Mazx) 59.95-60.1 Hz 59.4-61.2Hz
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K. Tie To Be Established {Location) Oaklyn to Acorn
L.  Tie Schedule to be established 55 MWW 55 MW
M. Which Company Will Control Freguency & Coordinate? X
M.  Which Company (ies) Will Control Tie - Line Flow X
0. Company That Will Coordinate Synchronization Of X
Tie Closure
P. Voltage At Boundary Bus 230 kY 245 kY
Q. When Will The Tie Be Made? (Time)
Mame Main Contact Mo Curley Phone No. 5556789
R, Maximum Amount Of Load Pick - Up Without 300 MW 10 MW
Motification ?

S, Are There Any Conditions That Would Necessitate Opening A Tie Line:
Tie line schedule above 75 MWV to RG&E

T. Additional Comments:
There is no way we are going to interconnect.

U.  Approved by
PJM:

*- Mot Reguired if connecting to Eastern Interconnection
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eDART Restoration Program




System Restoration Reports

= % |

Transmission OQutage Main Menu

View/Bevise
Outage Ticket

Create New
Qutage Ticket

EMS Trip
Update

Upload

Download

Transmission Reports

Trans. Outage Tickets Active
Sitelne bieme Tickets Report Tomorrow

Submitted: 22112 Revised:0/3 Received: 470
Approved: 0/1 Active: 0/2

Gen. Tickets

Trans. Tickets

Hetwork
Model

Generation Reports

Generation Ack. g R b.C o
Required wners Heport -Curve Report

Motifications: 40

TERM

Reactive
Reserve

netantaneous
Reserve Check

Motification Reports

Transmission Ack. Notificati R
Required otifications Report

Motifications: 2287 4

Motifications
Request Form

Minimum
Gen. Report

P.IM Status
Report

Facility Outages Reports

Current & Future m

HERC Dat;

=
g
o &
g3
(-]
3

Click on Restoration Data

[PTRI Bdercormection L.L.C.

PJMOZU11

o/
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System Restoration Reports

Restoration Data

ACurrent Drill o6 but|ton Click on Reports |l vy i f
System Restoration Drill is in
Coordination progress.

TERM

Heactive
Reserve

nstantaneous
Reserve Check

Minimum
Gen. Report

FIM Status
Report

Hestoration

Online Help
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Restoration Data per Company

* PJM may Iinitialize a drill for one or multiple control
areas

« PJM may initialize a drill for one or many types of
transmission equipment

« Each company will be allowed to view restored
equipment of other companies that are participating
in the drill but they will not be able to restore
equipment that they do not own.

« Each company will be able to restore transmission
equipment that they own
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System Restoration Reports

Company Ongoing Restoration Report

User Nmme welcoms  Inifiml Timestamp 01000004 1004 Company | EEITIRCSES R ISR - |

Type  Ewmtion | Velmge Equipment Name Restoimtien Timestamp Restore Overanite
LME | BRHSHTL S0 KW BRIGHTON-COMNASTOM 5011 0 fZ2 004 17 OF L= |
oW 500 kv | BRIGHTONIWALIGHCHA 6062 01 2242004 2121 = -
Reporting Company ON 500 Ky BRIGHTON EAB CB 01 222004 21:31 " -
Ongoing Restoration ON 500 KV BRIGHTON 588 CB -
Re Ort COH |50 KW BREGHTON BEAR CB
p NI | S0 FOW BRCGHTOM BB 8

WFME | CALVEARTC (600 KV | CALVERTE 1GEN XF xF ORMER
XFMR | CALVERTC |500 kv | CALVERTC 2GEN ¥F XF ORMER "
UME | CALVERTC |S00 KW | CALVERTC-CHALKPT 5072
UNE | CALVERTC |500 KV | CALVERTCWALGHCHA 5051
UME | CALVERTC (500 KV | CALVERTCAWALGHOHA 505;

BRER | CALVERTC |S00 Ky CALVERTC 1 GEN ATHE »
BRER | CALVERTC &S00 K CALVERTC 2 GEHW ATE -
BRER | CALVERTL |(S00 KW CALVERTE 2GENTZ ATE

BRER | CALVERTE |50 KW CALVERTC 5051 AT

Yellow highlight indicates equipment that was
returned to service, and then removed from
service again.
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Restoring Equipment

! SN YIIé OKSO1l WwYwSadu:
W{dzo YAGQ o0dzil2y G2 NI
— Timestamp will be automatically populated
— Overwrite checkbox will appear
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Overwriting Timestamp of Restored Equipment

* Once equipment is restored, user may
overwrite timestamp by checking the
Wh SNBENAGSQ OKSO]l02E
— Timestamp will be overwritten.
— Restored checkbox will be checked.
— Overwrite checkbox will be unchecked.
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Un-Restoring Equipment

* Once equipment is restored, user may
dzy NBai2NB SljdzA LIYSyd
FYR WhOSNBNAUOISQ OKSO]J

*1aSNJ Yle Ftaz dzyOKSO

K

OKSO1l WhOSNBNRARGISQ O
equipment.
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Help Menu

* More information on restoring, overwriting
and unrestoring equipment may be found on
the Help Menu
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System Restoration Reports

Network

Telemetry
Coordination

TERM
Reactive
Reserve

nstantaneous
Reserve Check

Minimum
Gen. Report
PJM Status
Report
NERC Data

Restoration
Data

‘Online Help

Logout

Click on Previous
drill ID #

Drill 1D Initial Timestamp Completed Timestamp

= [ ina | s | e |1 | R 1

Restoration Data Report

05/09/2007 14:43
05/09/2007 14:29
04/12/2007 10:24
04/26/2005 07:39
07/22/2004 14:48
03/15/2004 16:22
10/03/2003 11:25

05/09/2007 16:59
05/09/2007 14:38
04/12/2007 10:26
04/12/2007 09:24
04/26/2005 07:37
03/15/2004 16:23
03/15/2004 16:22

I D

B
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Network
Model
Telemetry
Coordination
TERM
Reactive
Reserve
nstantaneous
Reserve Check
Minimum
Gen. Report
PJM Status
Report
NERC Data
Restoration
Data
Online Help

PIM©2011

System Restoration Reports

Drill ID: 45

Completed Restoration Report

Initial Timestamp: 05/09/2007 14:43

L6071 510 Dominion Virginia Power (ECIC) » Completed Timestamp: 05/09/2007 16:59

Go To Filter

Select zone you
would like to view.
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System Restoration Reports

Networ
M

elemetry
Coordination
TERM
Heactive
Reserve
nstantaneous
Reserve Check
Minimum
Gen. Report

Ml Status
Report

NERC Data
Hestoration
Data
Online Help

ogout

3

4
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Completed Restoration Report

Drill ID: 45

m s

Initial Timestamp: 05/09/2007 14:43

Company: |

| * Completed Timestamp: 05/09/2007 16:59

Type Station  Voltage
XFMR | 3ROCKY | 230 KV
XFMR | 3ROCKY 230 KV
LINE | 3ROCKY 230 KV
LINE | 3ROCKY | 230 KV
BRKR | 3ROCKY 230KV
BRKR | 3ROCKY | 230 KV
BRKR | 3ROCKY 230 KV
BRKR | 3ROCKY 230KV
BRKR | 3ROCKY 230 KV
BRKR | 3ROCKY | 230 KV
BRKR | 3ROCKY 230KV
BRKR | 3ROCKY 230KV
BRKR | 3ROCKY | 230KV
BRKR | 3ROCKY 230KV
BRKR | 3ROCKY | 230 KV
BRKR | 3ROCKY 230 KV
BRKR | 3ROCKY 230KV
BRKR | 3ROCKY 230 KV
LINE | 3ROCKY 115KV
LINE | 3ROCKY

LINE

Go To Filter

Equipment Name
JROCKY BK1 XFORMER
3ROCKY BK2 XFORMER

JROCKY -EDGECOMB 2058A
JROCKY -NASH 20568
3ROCKY 2056CB CB
3ROCKY 2056CB2 CB
3ROCKY 2058CB CB
3ROCKY 2058CB2 CB
3ROCKY 69KV_NBUS_2 CB
JROCKY 69KV_SBUS 2 CB
JROCKY BK1_2 DIS
JROCKY BK2_2 DIS
JROCKY BUS_TIE_2 CB

3ROCKY CP1_6 CB
3ROCKY CP2_6 CB
3ROCKY CP3_6CB
JROCKY PERS

Restoration Timestamp
05/09/2007 14:44
05/09/2007 14:44
05/09/2007 14:47
05/09/2007 14:44
05/09/2007 14:44
05/09/2007 14:44
05/09/2007 14:44
05/09/2007 14:44
05/09/2007 14:47
05/09/2007 14:47

-ELMCITY RKMT_WLS
ROCKY -SPGHPS SPHP_199
3ROCKY 123CB CB

Restoration Timestamp will be
populated for each piece of
equipment that was restored in
the previous drill

3ROCKY BK1_1CB
3ROCKY BKZ_1CB
3ROCKY CP4_1CB
JROCKY RMT2_1CB
JROCKY SPHP_1CB
JROCKY WLSN_1E CB

JROCKY WLSN_1W CB

XFMR ACCA 115 KV
XFMR ACCA 115 KV
XFMR ACCA 115 KV

ACCA TX1 XFORMER
ACCA TX2 XFORMER
ACCA TX3 XFORMER -
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System Restoration Reports

2} https:/ /daroLwwd pjm.com /mui/index_htm - Microsoft Internet Explorer provided by PIM Interconnection

J File Edit  Wiew

Fawvorites Tools Help

“daBack ~ = - @ - ﬁ | @Search [ Favarites @Hmtory |‘ @' P

- KX

- @ |
"k o |JLinks e

= IO oTTY
=8 Popups allowed 2o es 5an

Search For

J.ﬁ.ddress I@ https:fdar0lveed, pim. com/muifindex. hkm

J S wieb Search T €3 &F @

©Cohaoe

Company Ongoing Restoration Report

|User MName: welcome Initial Timestamp: 01/22/2004 10:04 Company: [{Rm=

ectric |lilities Corp, d/bfa PEL Liilities

| e [/

|Type | Station |Vuliage| Equipment Name/

|Resturatiun Timestamp

XFMR | ALBURTIS |500 K |  ALBURTIS TR 1 XFOJMER

|LINE | ALBURTIS |500 KV | ALBURTIS-BRANCHAU 5016

|LINE | ALBURTIS |500 KV | ALBURTIS-HOSEJSAC 5027

|LINE | ALBURTIS |500 kv | ALBURTIS-JUMfiaTA 5009

|LINE | ALBURTIS |500 KV |  ALBURTISWSCOSVI 5044

| CAP | ALBURTIS |500 KV | ALBUSTIS 1 GAP

it | BURTIS | 500 KV ALEARTIS 2 CAP

Select a different company  JLBURTIS |500 Ky ALBURTIS BAY_1-E CB

from the pu” down menu to LELIRTIS |500 K‘-u-‘| ALBURTIS Bay_2W CB

Aview onlyo t hPiRTE PRl ¢ APYRES RANECE

. LEURTIZ |500 kMW ALBURTIZ BRAR_W CB
equipment | |
LEBLURTIZ |5CIO L4 | ALBURTIZ CAPP_1 CE

[BRKR| ALBURTIS |500 KW |  ALBURTIS CAPP_2 CE

BRKR | ALBURTIS |500 KV | ALBURTIS CAP_1

IBRKR | ALBURTIS |500 KV | ALBURTIS CAP_2

&7 DERM©O2011 78
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Completed Drills

* User may view completed drills by clicking on
0 KS WYwSLRZNIAQ odzidz2y

» User will be allowed to view reports for other
companies
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System Restoration Drills

 System Restoration Drills conducted twice a year
(Spring and Fall)
* Various drill scenarios incorporated

— Partial Blackout
— Complete Blackout

 Drills range from 8 to 16 hours. /o - Q\
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System Restoration Drills

* You are encouraged to involve as many as possible in System
Restoration Drills

Generating
Distribution Stations
Operations
ubstatlon
Media

Other
ISOS’P
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System Restoration Drills

 Differences in Real-time Restoration
— EMS updates to Transmission and Generation Data

— More unexpected events
* Equipment failures
 High voltage
 Frequency collapse
 Overloads (No analysis programs)
— Restoration time WILL be longer than in drills.
 Personnel to substations, CTs
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Future Issues

* Generation control ¢

— Currently agreements are in place that the control of
generation will reside with the Transmission Owners in a
System Restoration.

— Over time, skill set of Transmission Dispatchers will not
Include generation control.

— Coordination between many players.
* Drills are becoming more realistic

— More use of OTS
— More realistic timeframes being used
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Future Issues

* PJM has to take a more active role as the TOP
— ldentifying restoration opportunities
— Coordinating interconnections and 500 kV restoration

» System Restoration Coordinator Working Group
established to address System Restoration issues.

- .
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Summary

» Effective communication (oral and written) Is
essential to the success of a system restoration.

* Synchronous reserve and dynamic reserve are
essential to surviving a disturbance during the
restoration.

« PJM and the LCCs have defined roles and
responsibilities during a system restoration.

« Critical information exchange in the form of
reporting forms is required during a system
restoration.
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Module Summary

 Blackouts do occur and are a major impact on society.

* Types of blackouts include localized, partial system, full
system with outside help and full system without outside
help.

 Blackouts may be caused by dynamic instability, steady state
Instability, voltage collapse, and cascading trippings.

 The first step following a blackout is to ascertain status of
generation and transmission.
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Module Summary

« There are several methods of restoration including the
G . 2 Gdel2éy | LILINE -BKAEY & KIS LIGONE ILD K
G/ 2YOAY I GA2YEé€ | LILINRI OK®

* The method of restoration selected depends on a variety of
factors.

* The main issue in transmission restoration is voltage control.
Minimum source requirements are established to help control
voltage when energizing EHV lines.
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Module Summary

» Load restoration issues include restoration of priority loads,
frequency control, cold load pickup and under-frequency load
shedding.

« Island interconnection issues include synchronism, and
assistance to neighbors.

* There are many topics which should be considered in
Individual company restoration plans.

 System restoration at PJIM includes the topics of
communications, roles, dynamic reserve and information
exchange.
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Module Summary

* Final thought:

— You will probably participate some type of restoration
during your career, so be prepared!
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Questions?




Disclaimer:

PIM has made all efforts possible to accurately document all
iInformation in this presentation. The information seen here
does not supersede the PIM Operating Agreement or the
PIM Tariff both of which can be found by accessing:
http://www.pjm.com/documents/agreements/pjm-
agreements.aspx

For additional detailed information on any of the topics
discussed, please refer to the appropriate PIM manual
which can be found by accessing:
http://www.pjm.com/documents/manuals.aspx



http://www.pjm.com/documents/agreements/pjm-agreements.aspx
http://www.pjm.com/documents/agreements/pjm-agreements.aspx
http://www.pjm.com/documents/agreements/pjm-agreements.aspx
http://www.pjm.com/documents/manuals.aspx

= 2
Resources and References

« PJM Manual 36 ¢ System Restoration

 NERC Operating Committee Electric System
Restoration Reference Document

* NERC Operating Standard EOP-005



