
Transmission 101

PJM State & Member Training Dept.

Transmission Operating Criteria

11/2/20111PJM©2011



Agenda

Å PJM Physical System

Å Operating Definitions

Å Transmission System Operation ςά¢ƘŜ .ŀǎƛŎǎέ

Å Thermal Operating Criteria

Å Voltage Operating Criteria

Å Reactive Transfer Limits

Å Real Time Constraint Identification

11/2/20112PJM©2011



Physical System
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Reliability
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PJM Transmission System

Å 345 kV, 500 kV, 765 kV Transmission backbone

Å Underlying 230 kV system

Å Some 765 kV tie lines

Å Some 345 kV (minimal)

Å Some 115 kV tie lines

Å Predominant flows are West to East

Å Neighboring Control Areas:  NYISO, MISO
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PJM Transmission System

Å Longest 765 kV line is 179.8 miles

Å Dumont-Marysville (AEP)

Å Longest 500 kV line is 121 miles

Å Conemaugh-Juniata (5005 line)

Å Shortest 500 kV line is less than 1 mile

Å Hope Creek-Salem (5037 line)

Å PJM monitors and controls 765 kV down to 69 

kV in some areas

Å PJM does no physical switching
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PJM Transmission System
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AEP

Dayton

PJM Transmission System
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Operating Definitions
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Module Objectives

ÅGiven a list of transmission terms, identify the correct 
definition that belongs with a term.
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Å First Contingency Basis

Å Operation in a manner intended to protect against the 
consequences of the failure or malfunction of any single 
bulk power facility

Å Prior to contingency
Å MW loading within normal limits

Å Voltages are maintained at normal schedules

Å Following any single facility failure
Å MW loading within emergency ratings

Å System stability maintained

Å Voltages within emergency limits

Operating Definitions
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Å Forced Transmission Outage
Å Immediate removal from service of a transmission facility by reason of 

an emergency, threatened emergency, unanticipated failure or other 
cause beyond control of Transmission Owner

Å Local Control Center (LCC)
Å The equipment, facilities, and personnel used by or on behalf of a 

Transmission Owner to communicate and coordinate with PJM in 
operating the power system

Å LCC Dispatcher
Å The system operators at the LCC who direct operation of the local 

facilities and communicate with the PJM dispatcher to coordinate 
operation of the Bulk Power facilities

Operating Definitions
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Å Trend

Å Following the loss of a facility, some other facility exceeds 
normal operating limits but is under emergencyoperating 
limits

Å Not necessary to take controlling actions for a trend

Å Contingency

Å Following the loss of a facility, some other facility exceeds 
emergencyoperating limits

Å Must alleviate contingencies within a prescribed 
timeframe

Operating Definitions
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Å Off-Cost

Å Generation is being dispatched in a less than optimal 
economic manner to alleviate a transmission constraint

Å Also referred to as

Å Bulk Electric System (BES)

Å Those facilities on the transmission system that are 100kV 
and above

Operating Definitions
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Å The BES within the ReliabilityFirst  footprint is 
defined as all:
Å Individual generation resources larger than 20 MVA or a 

generation plan with aggregate capacity greater than 75 
MVA that is connected via a step-up transformer(s) to 
facilities operated at voltages 100 kV or higher

Å Lines operated at voltages 100 kV or higher
Å Transformers (other than generator step-up) with both 

primary and secondary windings of 100 kV or higher 
Å Associated auxiliary and protection and control system 

equipment that could automatically trip a BES facility, 
ƛƴŘŜǇŜƴŘŜƴǘ ƻŦ ǘƘŜ ǇǊƻǘŜŎǘƛƻƴ ŀƴŘ ŎƻƴǘǊƻƭ ŜǉǳƛǇƳŜƴǘΩǎ 
voltage level

Operating Definitions
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Å PJM Markets Facilities

Å Those facilities above 100kV which are both monitored in 
the PJM EMS and included in the LMP calculations for 
congestion management.

Å PJM Reliability Facilities

Å Those facilities above 100kV which are monitored as part 
of the NERC BES set of facilities but are not included in the 
LMP calculations for congestion management.

Operating Definitions
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Å Transmission Congestion

Å System condition due to transmission operating limits 
being approached or violated

Å Also referred to as Transmission Constraint

Å Zone

Å An area within the PJM Control area.

Å Could refer to all or a portion of a Transmission Owners 
System

Operating Definitions
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Å Network

Å Type of electrical system configuration where multiple 
paths for power flow exist

Å Radial

Å Type of electrical system configuration where only a single 
path for power flow exists

Å Generally thought of as a source of power flowing out to a 
load center

Operating Definitions
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Å Pre-contingency

Å System conditions or actions taken PRIORto the loss of a 
facility under study

Å Post-contingency

Å System conditions or actions taken immediately 
FOLLOWINGthe tripping or loss of a facility

Operating Definitions
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Å Reactive Transfer Limit

Å Limit on the total flow on a set of transmission lines that 
limits the system voltage drop to 5% or less

Å Reactive Transfer Operating Limit

Å 95% of the Reactive Transfer Limit

Å Also referred to as the Reactive Transfer Warning Point

Operating Definitions
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Operating Definitions

ÅInconnection Reliability Operating Limit (IROL)

ÅA value (such as MW, MVAR, Amperes, Frequency, or Volts) 
derived from, or a subset of, the system operating limits, 
which if exceeded, could expose a widespread area of the 
bulk electric system to instability, uncontrolled separations 
or cascading outages.

ÅSystem Operating Limit (SOL)

Å!ƭƭ ƻǘƘŜǊ ƳƻƴƛǘƻǊŜŘ ŦŀŎƛƭƛǘƛŜǎ ǘƘŀǘ ŀǊŜ ƴƻǘ Lwh[Ωǎ ŀƴŘ ŀǊŜ ŀǘ 
the 230 kV voltage level and above.
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Å Right-of-Way

Å 9ƴŘ όǘŜǊƳƛƴŀƭύ ƻŦ ŀ ǘǊŀƴǎƳƛǎǎƛƻƴ ƭƛƴŜ ǘƘŀǘ ƛǎ ǘƘŜ άCƛǊǎǘ ƻƴ -
[ŀǎǘ ƻŦŦέ ǿƘŜƴ ǎǿƛǘŎƘƛƴƎ ŀ ƭƛƴŜ ƛƴǘƻ ƻǊ ƻǳǘ ƻŦ ǎŜǊǾƛŎŜ
Å Based on automatic re-closure settings of CBs on line

Å Based on proximity to capacitors, generators

Right of Way

Close first when restoring

Open last when de-energizing

Operating Definitions
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Å Bus

Å Electrical conducting device used to connect multiple 
power system equipment elements

Operating Definitions
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Transmission System Operation ï
ñThe Basicsò
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Module Objectives

Å Identify the uses of Distribution Factors and Generation Shift 
Factors as they apply to the transmission system.

ÅUsing Line Distribution Factors, calculate the percentage of 
flow on line that will transfer to another line or set of lines.

ÅUsing Generation Shift Factors, calculate the percentage of 
change in generation that will flow on a given line or set of 
lines.
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Å Definition

Å The percentage of flow currently on a line that will transfer 
to another line as a result of the loss of the first line

Å Characteristics of Distribution Factors

Å Determined by line impedances

Å Computer generated

Å Expressed as a decimal number of 1.0 or less

Å Distribution factor for a line for the loss of itself is -1.0 if 
line flow is positive

Introduction to Distribution Factors
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Å Characteristics of Distribution Factors (continued)

Å Can be a positive or negative factor

Å Sum of all distribution factors in a closed system is zero

Å Formula:

Å New flow on line = Previous flow + [(Dfax)(Flow on 
outaged facility)]

Introduction to Distribution Factors
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For the loss of line C:

Dfaxb= 0.5 Dfaxc = -1.0

Dfaxd = 0.3 Dfaxe = 0.2

Example Simple Calculations
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Example Simple Calculations

Line  B Flow = 500 + (0.5)(200) = 600 MW

Line C Flow = 200 + (-1.0)(200) = 0 MW

Line D Flow = 200 + (0.3)(200) = 260 MW

Line E Flow = 100 +(0.2)(200) = 140 MW
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Å Line Outages

Å Use distribution factors to estimate how power will flow 
and predict any flow problems which may result from a 
line outage.
Å Generally performed by computer tool

Å Flow Analysis

Å Used to predict the results of losing a specific piece of 
equipment (Contingency analysis)

Application of Distribution Factors
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Å Similar to Distribution Factors
Å Decimal Fraction
Å Used to analyze effect of generation shifts on MW flow
Å Does NOTadd up to 0

Å Definition
Å Fraction of change in generation MW output that will 

appear on a line or facility
Å Used to predict the effect of generation changes on 

transmission line flow

Å Formula
Å New flow on line = Previous flow + [(Gen Shift 

Factor)(Amount of MW Shift)]

Generation Shift Factors
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Line 3 = 500 MW

Increase Gen A by 

100 MW.

What is resultant flow 

on Line 3?

New Flow = 500 MW +(0.12)(100) = 512 MW

Generation Shift Factors Example
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New Flow = 

Line 3 = 512 MW

Now, Generator C is 

decreased by 100 MW.

What is resultant flow 

on Line 3?

512 MW + (-0.6)(-100) = 572 MW

Generation Shift Factors Example
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Å Adjustment of Shift Factors due to Economics.

Å Definition

Å $/MW Effect = (Current Dispatch Rate - Unit Bid) / Unit 
Generator Shift Factor

Å Unit with lowest $/MW effect is re-dispatched when 
system is constrained.

Å Other unit operating constraints taken into account (I.e. 
min run time, time from bus, etc)

Å Lƴ ŀƴ ŜƳŜǊƎŜƴŎȅΣ ŜŎƻƴƻƳƛŎǎ ǘŀƪŜǎ ǘƘŜ άōŀŎƪ ǎŜŀǘέ ǘƻ 
reliability

$ / MW Effect
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Line #1 is overloaded!

Dispatch rate = $20

Unit D = $21

Unit B = $40

Which unit would you 

raise to alleviate the 

overload?

$ / MW Effect
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Unit D = ($20-$21)/(-.12)

=  $8.33/MW 

Unit B = ($20-$40)/(-.2)

=  $100/MW 

Select Unit D even 

though effect is less! 

$ / MW Effect
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Thermal Operating Criteria
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Module Objectives

Å Identify the costs associated with increasing system reliability.

Å Describe the factors that affect thermal ratings.

ÅDescribe the different responses to thermal violations.

ÅDescribe the difference between the PJM and NERC TLR 
process.

ÅGiven a scenario, determine the need for a Post Contingency 
Local Load Relief Warning (PCLLRW).

ÅGiven a scenario, determine if it is eligible to be included in 
the Constraint Management Mitigation Procedure.
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Å Concept of Reliable Operation

Å Definition of Reliable Operation
Å Steady, uninterruptedsupply of power to the user where and 
ǿƘŜƴ ƛǘΩǎ ƴŜŜŘŜŘat acceptable levels of voltageand frequency.

Å Threats to Reliable Operation
Å Brainstorm

Limits and Reliability
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Å Costs of Unreliable Operation

Limits and Reliability
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Å Costs of Reliable Operation 

Å System/Company
Å Redundant Equipment

Å Protective Relaying

Å Reserve Generation

Å Reliability Limits

Å Training

Limits and Reliability
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Å Contingency Concept

Å Definition
Å An unexpected event such as the loss of a generator or 

transmission facility

Å Could cause another facility to exceed an operating limit

Å Types of Contingencies
Å Single Contingency

Å Multiple Contingency

Å Operating Philosophy

Limits and Reliability
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Å Single contingency
Å A single event which may result in the loss of one or more 

facilities or devices
Å Defined by equipment that will be cleared by relay/CB 

operation
Å Double circuit towers, substation busses and single circuit 

breaker failures are NOTconsidered as single 
contingencies in reliability analysis

Limits and Reliability
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Å Multiple Contingency
Å Involves the occurrence of more than one independent 

and simultaneous event.
Å Most common multiple contingency is equipment failure
Å I.e. relay over-trip, CB failure

Å Operating Philosophy
Å tWa ƻǇŜǊŀǘŜǎ ƻƴ ŀ άCƛǊǎǘ /ƻƴǘƛƴƎŜƴŎȅ .ŀǎƛǎέ
Å No single contingency may violate emergency thermal or voltage 

limits

Å Operators take action to prevent overloads for the loss of 
any facility 

Limits and Reliability
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Limits and Reliability
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Å Thermal Limit/Rating

Å A boundary on the current carrying capability of 
equipment to prevent operation at excessive 
temperatures.
Å A thermal restriction is placed on every piece of equipment that 

carries current!

Å Stated in units of current (Amperes) or Power (MVA)

Thermal Limits

11/2/201146PJM©2011



Å Current - Carrying Capability

Å Depends on ability to dissipate heat

Å Current flowing through conductor heats it up

Å Heat is dissipated through I2R losses in the conductor

Thermal Limits
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Å Factors Affecting Ratings
Å Season/Ambient Temperature
Å Determines how readily the heat from the device can be 

transferred to the air.

Å As ambient temperature decreases, heat transfer increases

Å As ambient temperature increases, heat transfer decreases

Å tWa Ƙŀǎ мс ά!ƳōƛŜƴǘ-ŀŘƧǳǎǘŜŘέ wŀǘƛƴƎ ǎŜǘǎ

Å Daylight Intensity
Å As the daylight intensity increases, equipment can 

dissipate less heat (ratings go down).
Å PJM uses Day and Night Rating sets.

Thermal Limits
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Å Factors Affecting Ratings
Å Time
Å As the current increases, it takes less time to incur damage to 

equipment.

Å PJM uses Normal, Long term (4hr), Short term (2 hr), Load dump 
Rating sets.

Thermal Limits
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Å LTE and STE limits are identical in most cases

Å Load Dump rating = 115% of STE hour rating

Å Many equipment limitations possible: conductor, CB, CT, 
Meter, Relay, Clearance, Transformer, Wave Trap, Other5

Type 95-Day 95-Night 86-Day 86-Night 77-Day 77-Night 68-Day 68-Night

NORMAL 2650 2650 2725 2725 2780 2780 2830 2830

LTE 3015 3015 3090 3090 3145 3145 3195 3195

STE 3015 3015 3090 3090 3145 3145 3195 3195

LDMP 3467 3467 3554 3554 3617 3617 3674 3674

59-Day 59-Night 50-Day 50-Night 41-Day 41-Night 32-Day 32-Night

2849 2849 2855 2855 2855 2855 2855 2855

3250 3250 3300 3300 3350 3350 3405 3405

3250 3250 3300 3300 3350 3350 3405 3405

3738 3738 3795 3795 3853 3853 3916 3916

Type

NORMAL

LTE

STE

LDMP

Thermal Limits
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Å Lines

Å Conductor Sag

Å Safety hazard

Å Reduced ground clearance (trees, other lines)

Å Annealing

Å Heating and softening of material resulting in loss of strength.

Å Never returns to original condition after sag or annealing

Å Transformers

Å Overheating may cause damage to the winding insulation 
or thermal damage to the oil.

Å Transformers take longer to heat up than lines, but also longer to 
cool

Thermal Limits
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Thermal Limits
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Actual Flow < Normal 

Continuous Rating

If actual flow on a facility

exceed this rating           These actions are taken

Thermal Operating Criteria
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On the contingency loss of a 

facility, if another facility 

exceeds this rating...

These actions are taken 

pre-contingency...

Contingency Flow < Emergency Rating

Thermal Operating Criteria
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Å Restore tripped equipment quickly if possible 

Å Generally cables and transformers are not reclosed 
following a tripping

Å Remove faulted equipment from system

Å Isolate faulted equipment through switching

Å Activate Special Purpose Relays

Å Details in Transmission Operation Manual

Å Approved switching procedures

Å Adjust Phase Angle Regulators (PARS)

Non-cost Responses to Thermal Violations
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Å Curtail Non-firm transactions NOT willing to pay congestion 
prior to redispatchof generation

Å Redispatchgeneration

Å More later

Å NERC Transmission Loading Relief (TLR)

Å Cancel maintenance

Å Request return of outage equipment

Å Initiate ALL Emergency Procedures EXCEPTLoad Shed

Å Including Manual Load Dump Warning

Off-cost Responses to Thermal Violations
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