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FOREWORD

The Engineering Committee of the North American Electric Reliability Council
(NERC) established the Transmission Transfer Capability Task Force to review and revise, as
appropriate, NERC's Transfer Capability — A Reference Document, published in 1980.
This newly revised Transmission Transfer Capability report, approved by the Engineering
Committee in November 1994 and accepted by the NERC Board of Trustees in January 1995,
is the result of that effort.

This report expands on electric system transmission transfer-capability definitions
and calculation and reporting practices. It should be a useful reference document not only for
electric utilities but for the new, expanding audience of potential transmission system users.

NERC recognizes that strong and flexible electric transmission systems, capable of
coping with a wide variety of system conditions, are necessary for a reliable supply of electri-
city. To help ensure that the interconnected transmission systems in the United States, Canada,
and the northern portion of Baja California, Mexico continue to be planned and operated in
accordance with NERC and Regional Reliability Council (Regional Council) reliability criteria
and guides, the NERC Engineering Committee requested a review of several planning-related
NERC reference documents, including its Transfer Capability — A Reference Document.

Electric power transfers have a significant effect on the reliability of the intercon-
nected electric transmission systems, and must be evaluated in the context of the other func-
tions performed by these interconnected systems. In some areas, portions of the transmission
systems are being loaded to their reliability limits as the uses of the transmission systems
change relative to those for which they were planned, and as opposition to new transmission
prevents facilities from being constructed as planned. Efforts by all industry patticipants to
minimize costs will also continue to encourage, within safety and reliability limits, maximum
loadings on the existing transmission systems.

During the past several years, competition in wholesale electricity supply has been
on the increase. The enactment of the U.S. Energy Policy Act of 1992 established a new
environment in the electric utility industry in the United States to further spur a competitive
electric generation and wholesale electricity supply market. This legislation also encourages
the further development of nonutility generators by establishing a new classification —
exempt wholesale generators — and recognizes that access to the nation’s electric transmis-
sion systems will be essential to ensure competitive wholesale electricity supply.

The new competitive environment will foster an increasing demand for transmis-
sion services. With this new focus on transmission and its ability to support competitive
electric power transfers, all users of the interconnected transmission systems — utilities as
well as nonutilities — must understand the electrical limitations of the transmission systems
and the capability of these systems to reliably support a wide variety of transfers. The future
challenge will be to plan and operate transmission systems so as to provide desired electric
power transfers while maintaining overall system reliability.

This report addresses transmission transfer capability from the perspective of the
transmission systems’ physical characteristics and limitations. It provides the technical basis
for discussions about transfer capability. Background information on industry practices relat-
ed to transfer capability is also presented including definitions, concepts, technical issues,
and simulation techniques used to calculate and report transmission transfer capability.
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This report does not address issues of transmission ownership, allocation of transmis-
sion capacity, or the costs associated with providing transmission services. It also does not
establish guidelines for determining adequate or appropriate levels of transfer capability to
support emergency and economy power transfers or to ensure reliable electric service. These
determinations are system specific and must be evaluated by individual electric systems.

It is recommended that all users of the interconnected electric systems follow the
approaches and industry practices for calculating and reporting transfer capability described
in this report. This report, however, does not preclude Regional Councils (or their subregions
or member systems), power pools, individual electric systems, or groups of systems from
amplifying these practices or developing more detailed procedures for determining transfer
capability applicable to the unique system characteristics of their respective areas.

All users of the transmission systems must also adhere to accepted planning and
operating criteria and guides designed to maintain electric system reliability as described in
NERC'’s Policies, Procedures, and Principles and Guides for Planning Reliable Bulk Electric
Systems, its Policies for Interconnected Systems Operation, and its Operating Guides.

TRANSMISSION TRANSFER CAPABILITY
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INTRODUCTION

The purpose of this report is to present a consistent set of definitions and guidelines
for calculating and reporting the transmission transfer capability of interconnected electric
systems. Although the basic transfer capability concepts outlined in NERC’s 1980 Transfer
Capability report are still valid, this revised document includes additional clarifications and
insights on transmission transfer capability calculations. It also discusses various concepts and
technical issues to aid in understanding the nature of transfer capability. A glossary of terms has
been added, and new issues, such as demand-side management and the extent to which operat-
ing procedures are used in determining transfer capabilities, are addressed. This report does
not deal with the availability of generation equipment to provide electric power for transfer,
nor does it delineate how to plan transmission systems or the transmission facilities that may
be needed to support the levels of electric power transfers that may be desired.

Transfer capability is the measure of the ability of interconnected electric systems to
reliably move or transfer electric power from one area to another area by way of all transmission
lines (or paths) between those areas under specified system conditions. The units of transfer
capability are in terms of electric power, generally expressed in megawatts (MW). In this con-
text, area refers to the configuration of generating stations, switching stations, substations, and
connecting transmission lines that may define an individual electric system, power pool, control
area, subregion, or Region, or a portion thereof.

The concept of transmission transfer capability may be explained in terms of a
simplified interconnected systems network comprised of three Areas (or systems) — A, B,
and C — interconnected by transmission paths A-B, A-C, and B-C, as shown in Figure 1.

Figure 1
Simplified Interconnected
Systems Network
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Each Area represents a configuration of generating stations, substations, and internally
connected transmission lines that may define an individual electric system, power pool, control
area, subregion, or Region, or a portion thereof. The transmission paths or interconnections
from Area A to Area B, Area A to Area C, and Area B to Area C may each represent one or mote
transmission lines. In this example, two transmission lines comprise each transmission path.

The determination of transfer capability from Area A to Area B is achieved using com-
puter simulations of the interconnected systems network of Figure 1. To simulate an electric
power transfer, Area A and Area B generation (and/or electrical demand) is adjusted so as to
create a generation excess in Area A and a generation deficiency in Area B, thereby automatically
resulting in an electric power transfer from Area A to Area B. These differential adjustments in
each Area’s generation level are increased until an equipment or system limit is reached, or a
transfer test level is achieved, taking into account the most critical single contingency (e.g.,
generating unit, transformer, transmission line, etc.) outage condition. In those cases where an
equipment or system limit is reached with all facilities in service at a transfer level below that
of the single contingency outage condition, then that lower transfer level defines the transfer
capability limit.

To determine the transfer capability in the opposite direction, from Area B to Area A,
the generation excess is created in Area B and the generation deficiency in Area A. As customer
demands and transmission and generation facilities in Areas A and B will rarely be symmetrical,
and as the critical facility outage condition will likely be different, the transfer capability in each
direction, Area A to Area B or Area B to Area A, will also generally be different,and must be
determined separately.

As the generation levels in Areas A and B are modified to increase the electric power
transfer from Area A to Area B, the loading level on transmission path A-B, as well as on all other
interconnection and internal transmission facilities, will change but at different rates. These
different rates — called power transfer distribution factors — are determined according to the
physical laws of electrical networks. Thus, all transmission paths will not simultaneously reach
their capability limits at the same transfer level. However, the Area A to Area B transfer level at
which a transmission path, system voltage, or system stability limit is reached for a single facility
outage becomes the limiting transfer capability level for transfers from Area A to Area B. In the
interconnected systems, it is possible that the critical single contingency facility outage and the
associated limiting facility may not be in Areas A or B, or at the interface (transmission paths)
between Areas A or B, but in another Area (or Areas) altogether, such as Area C.

The capabilities (or ratings) of the interconnecting transmission lines, lines A-B #1 and
A-B #2,between Areas A and B cannot be added to derive the transfer capability from Area A to
Area B or from Area B to Area A. In addition, the sum of the non-simultaneous transfer capabili-
ties from Area A to Area B and from Area C to Area B does not equal the total transfer capability
toArea B. Simultaneous transfer capability calculations from Areas A and C to Area B are
required to determine that value.

When transfer capabilities between areas or systems are determined, it must be under-
stood that these capabilities correspond to a specific set of system conditions for the intercon-
nected systems network. The transfer capabilities can be significantly different for any other set
of system conditions, such as a different customer demand level, a different network configura-
tion, or a different generation dispatch. Also influencing the level of transfer capability between
Areas A and B are any electric power transfers under way between other neighboring systems,
such as transfers from Area A to Area C or from Area B to Area C.

NERC n TRANSMISSION TRANSFER CAPABILITY



Uses of

Transfer Capability

Transfer Capability

NERC

and Reliability

INTRODUCTION

[S

Numerical examples of transfer capabilities among the interconnected Areas A, B, and
C of Figure 1 are included in Appendix A. These examples illustrate the concept of incremental
and total transfer capabilities, non-simultaneous and simultaneous transfer capabilities, associated
terminologies, and reporting practices.

In both the planning and operation of electric systems, transfer capability is one of
several performance measures used to assess the reliability of the interconnected transmission
systems, and has been used as such for many years.

System planners use transfer capability as a measure or indicator of transmission
strength in assessing interconnected transmission system performance. It is often used to
compare and evaluate alternative transmission system configurations.

System operators use transfer capability to evaluate the real-time ability of the inter-
connected transmission systems to transfer electric power from one portion of the network
to another or between control areas. In the operation of interconnected systems, “transfer”

is synonymous with “interchange.”

Under the NERC Operating Guides,in scheduling transfers or interchanges between
two control areas, system operators must limit electric power transfers so as not to exceed the
lesser of either the total capacity of the owned or arranged-for transmission facilities in service
between the two control areas or the first contingency total transfer capability between the two
control areas as determined at that point in time. Not exceeding the transfer limit is essential as
electric systems must operate on the basis that the current system configuration can reliably
withstand the next single contingency (facility outage). Exceeding that limit could subject the
interconnected electric systems to facility overloads, voltage instability, or system dynamic insta-
bility. Any of these situations could lead to cascading facility cutages and widespread electricity
supply disruptions, and even a system collapse or blackout, if transfer limits are exceeded and a
critical facility outage occurs.

Reliable operation of the interconnected electric systems requires close coordination
among the individual electric systems for monitoring, controlling, and scheduling inter-system or
inter-area electric power transfers. The coordination of these transfers is one concern that led
the electric utilities to establish the Regional Reliability Councils and, subsequently in 1968, the
North American Electric Reliability Council (NERC). Much of the work regarding the develop-
ment, calculation, and reporting of transfer capability has been done by study groups under
inter-Council and intra-Council agreements.

The electric systems in the United States and Canada are planned in conformance
with NERC'’s Policies, Procedures, and Principles and Guides for Reliable Bulk Flectric
Systems and operated in compliance with NERC's Policies for Interconnected Systems Opera-
tion and its Operating Guides. These NERC policies for electric system reliability provide the
framework for the Regional Councils (Regions), subregions, power pools, or individual systems
to develop their own more detailed planning and operating criteria or guides, including those
for transfer capability, that reflect the diversity of individual system characteristics, geography,
and demographics.

TRANSMISSION TRANSFER CAPABILITY
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The interconnected transmission systems are the principal media for achieving reliable

electric supply. They tie together the major electric system facilities, generation resources, and
customer demand centers. These systems must be planned, designed, and constructed to oper-
ate reliably within thermal, voltage, and stability limits while achieving their major purposes.
These purposes are to:

* Deliver Electric Power to Areas of Customer Demand — Transmission
systems provide for the integration of electric generation resources and electric
system facilities to ensure the reliable delivery of electric power to continuously
changing customer demands under a wide variety of system operating conditions.

* Provide Flexibility for Changing System Conditions — Transmission
capacity must be available on the interconnected transmission systems to provide
flexibility to handle the shift in facility loadings caused by the maintenance of gener-
ation and transmission equipment, the forced outages of such equipment, and a wide
range of other system variable conditions, such as construction delays, higher than
expected customer demands, and generating unit fuel shortages.

* Reduce Installed Generating Capacity — Transmission interconnections with
neighboring electric systems allow for the sharing of generating capacity through
diversity in customer demands and generator availability, thereby reducing invest-
ment in generation facilities.

* Allow Economic Exchange of Electric Power Among Systems —
Transmission interconnections between systems, coupled with internal system
transmission facilities, allow for the economic exchange of electric power among
neighboring systems when temporary surpluses in generating capacity are available.
Such economy transfers help to reduce the cost of electric supply to customers.

TRANSMISSION TRANSFER CAPABILITY
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TRANSFER CAPABILITY DEFINITIONS

Several approaches are used in the electric utility industry to express “transfer
capability” values. Each of these approaches uses the same general definitions and simulation
techniques in the calculation of transfer capability levels. The differences lie in the statement
of transfer capability results rather than in the underlying principles.

In 1974, NERC established definitions that refer to transfer capability as incremental
above normal base power transfers. Normal base transfers usually refer to representative elec-
tric power transfers between systems that are modeled in power flow base case simulations.
Therefore, incremental transfer refers to the additional amount of electric power, above the
base level, that the interconnected transmission systems can support or transfer while contin-
uing to maintain electric system reliability. This incremental transfer approach provides an
indication of the ability of the transmission systems to accommodate additional transfers after
all normally scheduled transfers are considered, as well as an indication of the ability of these
systems to cope with emergency conditions.

The NERC definitions have been widely used and are generally accepted throughout
the industry. The basic philosophy supporting these definitions remains unchanged, but the
additional clarifications and examples in this report should provide an increased understand-
ing of the nature of transfer capability.

Today, the recommended basic NERC transfer capability measures are “First
Contingency Incremental Transfer Capability (FCITC)” and “First Contingency Total Transfer
Capability (FCTTC).” The FCTTC approach recognizes the effects of all electric power trans-
fers, both normal base and incremental, and represents the total amount of electric power
that can be transferred between two entities while continuing to maintain system reliability.
For consistency, it is recommended that transfer capabilities determined according to the def-
initions of FCITC and FCTTC be used in reporting to NERC and others. The reported transfer
capability values should be applicable to peak demand system conditions. If reported trans-
fers are for other than peak demand conditions, the conditions for which transfers are report-
ed should be so stated.

FCITC is the amount of electric power, incremental above normal base power trans-
fers, that can be transferred over the interconnected transmission systems in a reliable manner
based on all of the following conditions:

1. For the existing or planned system configuration, and with normal (pre-contin-
gency) operating procedures in effect, all facility loadings are within normal
ratings and all voltages are within normal limits,

2. The electric systems are capable of absorbing the dynamic power swings, and
remaining stable, following a disturbance that results in the loss of any single elec-
tric system element, such as a transmission line, transformer, or generating unit, and

3. After the dynamic power swings subside following a disturbance that results in
the loss of any single electric system element as described in 2 above, and after
the operation of any automatic operating systems, but before any post-contin-
gency operator-initiated system adjustments are implemented, all transmission
facility loadings are within emergency ratings and all voltages are within
emergency limits.

TRANSMISSION TRANSFER CAPABILITY
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Other Definitions

TRANSFER CAPABILITY DEFINITIONS

With reference to condition 1 above, in the case where pre-contingency facility
loadings reach normal thermal ratings at a transfer level below that at which any first contin-
gency transfer limits are reached, the transfer capability is defined as that transfer level at
which such normal ratings are reached. Such a transfer capability is referred to as a normal
incremental transfer capability (NITC).

FCTTC is the total amount of electric power (net of normal base power transfers
plus first contihgency incremental transfers) that can be transferred between two areas of the
interconnected transmission systems in a reliable manner based on conditions 1,2,and 3 in
the FCITC definition above.

The electric system terms and definitions that are key to understanding the above
definitions of transmission transfer capability (FCITC and FCTTC) are described below. These
terms and related electrical terms and their definitions are also included in the “Glossary of
Terms” of Appendix B.

* Normal Base Power Transfers — Electric power transfers that are considered
by the electric systems to be representative of the base system conditions being
analyzed, and which are agreed upon by the parties involved. Other transfers,
such as emergency or economy transfers, are usually excluded.

Normal Rating — The rating as defined by the facility owner that specifies the
level of electrical loading (generally expressed in megawatts or other appropriate
units) that a facility can support or withstand through the daily demand cycles
without loss of equipment life of the facility or equipment involved.

* Emergency Rating — The rating as defined by the facility owner that specifies
the level of electrical loading (generally expressed in megawatts or other
appropriate units) that a facility can support or withstand for a period of time
sufficient for the adjustment of transfer schedules or generation dispatch in an
orderly manner with acceptable loss of equipment life, or other physical or
safety limitations, of the facility or equipment involved. This rating is not a
continuous rating.

Normal Voltage Limits — The operating voltage range on the interconnected
systems, above or below nominal voltage and generally expressed in kilovolts,
that is acceptable on a sustained basis.

* Emergency Voltage Limits — The operating voltage range on the intercon-
nected systems, above or below nominal voltage and generally expressed in
kilovolts, that is acceptable for the time sufficient for system adjustments to be
made following a facility outage or system disturbance.

* Operating Procedures — A set of policies, practices, or system adjust-

ments that may be automatically implemented, or manually implemented by
the system operator within a specified time frame, to maintain the operational

TRANSMISSION TRANSFER CAPABILITY
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TRANSFER CAPABILITY DEFINITIONS

integrity of the interconnected electric systems. These actions or system adjust-
ments may be implemented in anticipation of or following a system contingency
(facility outage) or system disturbance, and include, among others, opening or
closing switches (or circuit breakers) to change the system configuration, the
redispatch of generation, and the implementation of direct control load manage-
ment or interruptible demand programs.

— Automatic Operating Systems — Special protection systems (or
remedial action schemes) or other operating systems installed on the electric
systems that require no intervention on the part of system operators for their
operation.

— Normal (Pre-Contingency) Operating Procedures — Operating
procedures that are normally invoked by the system operator to alleviate
potential facility overloads or other potential system problems in antici-
pation of a contingency.

- Post-Contingency Operating Procedures — Operating procedures

that are invoked by the system operator to mitigate or alleviate system
problems after a contingency has occurred.

TRANSMISSION TRANSFER CAPABILITY
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CONCEPTS AND TECHNICAL ISSUES

Certain concepts and technical issues that are necessary to an understanding
of transmission transfer capability are described in each of the following sections.

The calculation of transfer capability is generally based on a computer simulation of
the operation of the interconnected electric systems under a specific set of assumed operat-
ing conditions. Each simulation represents a single “snapshot” of the operation of the inter-
connected systems based on the projections of many factors. Among these factors are the
expected customer demands, generation dispatch, the configuration of the interconnected
electric systems, and the electric power transfers in effect among the interconnected systems.

Customer demand is influenced not only by season, time of the day, day of the
week, and weather, but also by demand-side management programs. Generation dispatch
is affected by unit availability, economics, environmental and hydrological conditions or
limitations, and available fuel supply. Transmission line availability is primarily influenced by
planned maintenance and changes less frequently than generation availability, but when it
does change, it can have a major influence upon facility loadings. Other factors that can vary
are the number, direction, and amount of simultaneous electric power transfers among the
interconnected systems. These concurrent transfers influence the electrical loading patterns
on the system or systems being analyzed.

In real-time operation of interconnected electric systems, many factors are continu-
ously changing. As a result, the electric power transfers that can be supported on the trans-
mission systems can vary from one instant to the next. The actual transfer capability available
at any particular time may differ from that calculated in simulation studies due to the fact that
in the simulation studies only a limited set of operating conditions can be evaluated, whereas
in real time, widely different conditions may exist. For this reason, the transfer capabilities
derived from simulation studies need to be viewed as indicators of system capability. Several
control areas can now calculate first contingency incremental and first contingency total
transfer capability limits on a real-time basis from the facility thermal rating perspective. This
on-line capability allows these conttol areas to modify their transfer or interchange schedules
throughout the day. That is, the real-time calculations could allow scheduled transfers to
exceed previously determined off-line limits when it is safe and feasibie to do so, or they
could further limit transfers below previously determined off-line limits, depending on actual
system conditions.

The transfer capabilities reported to NERC are generally the first contingency
incremental (FCITC) or first contingency total (FCTTC) transfer capabilities for projected
peak customer demand conditions. Because of the variability of transfer levels and the
complexity involved in their calculation, some electric systems prefer to report a range of
possible transfer capabilities rather than a single transfer capability value. When a range
is reported, an appropriate brief explanation should accompany the reported transfer
capabilities.

TRANSMISSION TRANSFER CAPABILITY
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CONCEPTS AND TECHNICAL ISSUES

The transfer of electric power in ac interconnected transmission systems generally
cannot be directed along specific transmission lines (or paths) or predetermined routes
except in some limited applications where those routes are controlled by phase-shifting trans-
formers, thyristor-controlled series capacitors, or the like. Therefore, electric power transfers
in ac systems will be distributed, in varying degrees, on all transmission paths between two
areas. The resultant transmission line loadings will be in accordance with known electrical
network relationships, but may not be in accord with any contract or agreement that estab-
lished the scheduled transfers between the two areas.

When such electric power transfers between two areas distribute onto the facilities
of other interconnected systems not contractually (or directly) invoived in the agreement
between the transacting parties, the unintended electric power flows on these neighboring
or adjacent system facilities are known as “parallel path flows.” In some cases, the parallel
path flows may result in transmission limitations in the neighboring or adjacent systems,
which can limit the transfer capability between the two contracting areas.

Parallel path flow is a complex transmission system phenomenon that can affect
many systems of an interconnected network, especially those systems electrically near the
transacting systems. As a result, transfer capability determinations must be sufficient in
scope to ensure that neighboring or adjacent interconnected system limits are recognized.

As explained in the Introduction and Figure 1, transfer capability involves the move-
ment of electric power from one area of the interconnected transmission systems to another.
Transfer capability from Area A to its interconnected neighbors (Areas B and C) is generally
evaluated by simulating transfers from Area A to Area B independently, then from Area A to
Area C only, and so on. These independently derived transfer capabilities are not concutrent
with any other (A to B, B to C, C to A, etc.) area transfers. Therefore, each of these indepen-
dent transfer capabilities (Area A to Area B only, etc.) is referred to as a “non-simuitaneous’
transfer capability from one area or system to the other.

Another type of transfer capability reflects the capability of the interconnected sys-
tems to conduct simultaneous or multiple transfers concurrently (e.g., from Areas A and C to
Area B concurrently). This transfer capability is developed in a manner similar to that used for
non-simultaneous capability, except that the interdependency of transfers among the several
areas is taken into account. The transfer capability so derived is referred to as the “simultane-
ous” transfer capability from Areas A and C to Area B.

No general numerical relationship exists between simultaneous and non-simultane-
ous transfer capabilities. A simple addition of the non-simultaneous transfer capabilities, Area
A toArea B and Area C to Area B, is not appropriate to determine the capability for simultane-
ous transfers from Areas A and C to Area B. In fact,an Area A to Area B transfer can significant-
ly affect a coincident Area C to Area B transfer, particularly if both transfers are limited by a
common set of facilities. The simultaneous transfer capability may be lower than the sum of
the individual non-simultaneous transfer capabilities.

The calculations of non-simultaneous and simultaneous power transfers are general-
ly performed on an interconnected system’s configuration representative of the base system
conditions being analyzed, and which are agreed upon by the parties involved. These base
conditions may or may not include normal base power transfers. The non-simultaneous and
simultaneous transfers would be additional to these normal base power transfers.

TRANSMISSION TRANSFER CAPABILITY
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Transmission
System Limits

CONCEPTS AND TECHNICAL ISSUES

The ability of ac electric transmission systems to reliably transfer electric power may
be limited by any one of the following:

e Thermal Limits — The flow of electrical current in a conductor or electrical
facility causes heating of the conductor or facility. Thermal limits, in the form of
facility normal and emergency ratings, establish the maximum amount of current
over a specified period that a transmission line or electrical facility can conduct
before it sustains permanent damage by overheating or violates pubhc safety
ground clearance requirements due to conductor sag.

*Voltage Limits — Adequate voltage must be maintained on the transmission
systems at all times, including during and after a system contingency (facility
outage). As electricity is transmitted along a transmission line, resistive and
reactive power losses are incurred and a voltage drop occurs. As an increasing
amount of electricity is transferred, resistive losses increase and increasing
amounts of reactive power are required to support system voltages. Reactive
power is needed throughout the transmission transfer paths, and, in particular,
in the importing (receiving) area or area of generating capacity deficiency.

The reason for an electrical supply deficiency is often the outage of one or more
generating units. If the major portion of reactive power in the deficit area is
normally supplied by the outaged generators, then the associated reactive power
of these units will also be unavailable. The result can be unacceptable system
voltages at electric power transfer levels that may be lower than those transfer
levels for which transmission facility thermal overloads would occur during single
contingencies. In addition, the nonlinear characteristic of reactive power can
exacerbate the voltage decay of a deficit area. As voltage declines in an area, the
effectiveness of installed reactive support (shunt capacitors) and line charging is
diminished by the square of the voltage. Minimum voltage limits can establish the
maximum amount of electric power that can be transferred without causing
damage to electric system or customer facilities, or a “voltage collapse” A wide-
spread collapse of system voltage can result in a blackout of portions or all of the
interconnected systems.

* Stability Limits — A basic tenet of reliable system design is that the intercon-
nected systems should be capable of surviving disturbances, coincident with safe
maximum electric power transfers, through the transient and dynamic time peri-
ods (from milliseconds to several minutes, respectively) following the disturbance.

All generators connected to ac interconnected transmission systems operate in
synchronism with each other. That is, they operate in lockstep with each other
at the same frequency (nominally 60 cycles per second in the United States and
Canada). Immediately following a system disturbance, generators begin to
oscillate relative to each other, causing fluctuations in system frequency, line
loadings, and system voltages. If the disturbance is minor, the oscillations will
diminish and damp out as the electric systems attain a new, stable operating
point. If a new, stable operating point is not quickly established, the generators
will likely lose synchronism with one another, and portions or all of the intercon-
nected systems may become unstable. The result may be damage to equipment
and the uncontrolled interruption of electric supply to customers.
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Transmission system transfer capability is calculated using computer network simu-
lation software to represent anticipated system operating conditions. Each such simulation
reflects a “snapshot” of one specific combination of system conditions. Transfers between
two areas are determined by increasing transfers from a normal base transfer level until a
system limit is reached, taking into account the most critical single contingency facility outage
and its system loading, voltage, and stability effects.

The difference between the normal base power transfer level and the total transfer
level at a transmission system limit is known as the first contingency incremental transfer
capability (FCITC). The transfer level at the limit is the first contingency total (base plus
incremental) transfer capability (FCTTC). Several such representative snapshots are simulated
yielding a range of transfer capability values that might be expected. This approach is
referred to as a deterministic approach to transfer capability. It is the more common method
of calculating transfer capability. In more sophisticated techniques, probability values are
assigned to each snapshot, yielding a probability distribution of transfer capability.

The intent of a transfer capability calculation is to determine a transfer value having
the following general characteristics:

* Represents a realistic operating condition or expected future operating condition.
* Conforms with the requirements of the transfer capability definitions.

* Considers single contingency facility outages that result in conditions most
restrictive to electric power transfers.

These characteristics are broad enough to be applicable to electric systems
generally, but are also specific enough for consistent application and interpretation. Specific
recommendations for performing transfer capability calculations that are in accord with
these characteristics are briefly discussed in the following sections.

Transfer capability values may be based on alternating current (nonlinear) simula-
tions or direct current (linear) simulations of the interconnected transmission systems. Direct
current simulation techniques are an efficient means to screen the transmission systems for
the most critical contingencies and their system effects, and to approximate the transfer level
at which those contingencies are limiting. Transfer values determined by such linear simula-
tions should be verified by alternating current simulations where voltage, reactive power
supply, or stability problems exist, or to ensure that these problems do not exist at or below
the transfer level identified by the direct current simulations. Appropriate dynamic demand
models should be used in these nonlinear simulations as they can have a significant effect
on the results.

The base case configuration of the interconnected systems should be representative
of the systems being simulated, including any long-term generation and transmission outages
that are expected. The activation of any operating procedures normally expected to be in
effect should also be included in the simulations.
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The generation dispatch of the interconnected systems being simulated should gen-
erally follow the guidelines described below:

* Normal Base — The generation dispatch should be realistic for the system con-
ditions being simulated. This dispatch should be the same as that used for the base
case for other studies of the same customer demand level and system configuration.
The base case electric power transfers provide the reference for incremental values
of transfer capability. The net of base case transfers plus the incremental transfer
at which a system limitation is reached is the total transfer capability.

* Nonutility Generators — Nonutility generators, exempt wholesale generators,
and qualifying facilities should be modeled and dispatched at their representative
operating conditions for the system conditions under study.

e Exporting (or Sending) Area — In the exporting area, the generation is
increased on an economic, environmental, or other appropriate dispatch basis, up
to the limit of the installed generating capacity. Nonexistent generators should
not be used to simulate electric power transfers. If additional transfers are
required to test the interconnected transmission systems’ adequacy, transfers into
the area from outside generating sources located in other adjacent systems can
be simulated, or other generation dispatch adjustments can be made, provided
the distribution of loadings among transmission facilities in the area of interest is
realistic. Customer demands in the exporting area may also be reduced so that
additional transfers can be scheduled from actual generators provided the
simulated conditions are realistic. Further, the resulting transfer capability should
be reported as being from generation sources outside or beyond the reporting
area or for the reduced exporting area demand level.

¢ Importing (or Receiving) Area — In the importing area, the generation is
decreased on a realistic dispatch basis for the transfers being tested. Generator
reactive supply in the importing area should be modified for consistency with
generator real power output levels. System security, capacity margins, and voltage
limits must be preserved. If additional transfers are required to test the intercon-
nected transmission systems’ adequacy, customer demand in the importing area
may be increased in reasonable amounts provided the distribution of loadings
among transmission facilities in the area of interest is realistic. Further, the result-
ing transfer capability should be reported as being for the increased importing
area demand level.

The computer simulations should verify the capability of the interconnected transmis-
sion systems to support acceptable voltage levels at the determined transfer capability level,
including the effects of any reactive power supply limitations. The reactive capability of all gen-
erators and reactive sources should be appropriately modeled within their respective limits.

It is especially important in simulating the outages of generating units that reactive
power output be removed along with the real power output. It is equally important to have
accurate reactive power limits in these simulations. A generator’s reactive capability may be
significantly limited by the design of the auxiliary system, the generator step-up transformer,
the minimum excitation limiter, minimum or maximum generation limits, or by other opera-
tional considerations.
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The nonlinear relationship between reactive power requirements in the importing
area and electric power transfers must be recognized. Switched reactive devices or dynamic
reactive sources should also be appropriately modeled for normal and transfer conditions.

Demand Levels Base case demand levels should be appropriate to the system conditions and cus-
tomer demand levels under study and may be representative of peak, off-peak or shoulder, or
light demand conditions. Although transfer capabilities are generally reported to NERC for
peak customer demand conditions, knowledge of transfer capability limits at other demand
levels is also important for the reliable operation of the electric systems.

Demand-Side In the system simulations, the demand levels, especially the peak internal demand
Management levels, should be net of indirect demand-side management (DSM) programs. In contrast, the

direct control load management and contractually interruptible demands should generally be
included in (not subtracted from) the internal demand levels. However, the representation of
direct control DSM programs depends on specific contract terms and the practices of the
individual electric systems employing these types of direct control (load management and
interruptible demand) DSM programs.

System Contingencies Sufficient generation and transmission system single contingencies should be select-

ed for simulated testing to ensure that the facility outage most restrictive to the transfer being
studied is included. The contingencies studied should be consistent with individual electric
system or Regional Council planning criteria or guides, and may in some instances include
multiple contingencies, if appropriate, such as the outage of transmission circuits using
common towers or rights-of-way.

Extrapolation of A limited amount of linear extrapolation and interpolation can produce useful

Transfers | results if done judiciously, but transfer levels should be verified by alternating current simula-
tions. Where no limits are found at a test transfer level, the transfer capability should be
reported as “X*” MW, where “X” is the highest test transfer level simulated.

Excluded Limitations Transfer capability limits are determined by the overall interconnected systems.
When the loadings of certain lower voltage electric facilities restrict calculated transfer capa-
bility, these transfer capabilities and their limiting facilities should be reported. For consisten-
cy, it is recommended that such lower voltage limitations be excluded from the analysis only
on the basis of one of the following two conditions:
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1. An established and documented operating procedure exists for eliminating the
overload or restrictive condition. In addition, no restrictive conditions will be
placed on the implementation of these procedures. For these situations, transfer
capability should be documented as having been calculated with the operating
procedure in effect, or

2. The restrictive or limiting facility has minimal or no adverse effect on the
reliability of the electric supply systems (i.e., the outage of the facility is not
likely to lead to widespread or cascading outages). System facilities having a
very low distribution or response factor, as described in the “Distribution (or
Response) Factor Cutoff” section below, should generally be excluded from the
calculation of transfer capability.

Where transfer capability values are based on the exclusion of such restrictions,
this exclusion should be documented as a part of the study results.

The base and transfer conditions for continuous-acting dynamic control systems,
such as static var compensators, synchronous condensers, portions of HVDC systems, phase-
shifting transformers, and other similar devices, must be clearly defined for the system
conditions under study.

Distribution factors, used in the calculation of transfer capability and other system
analyses, measure the electrical effects that an electric power transfer has on system facilities
or that an outage (or removal from service) of one system element or facility has on the
remaining system facilities. Line outage distribution factors (LODFs), power transfer distribu-
tion factors (PTDFs), and outage transfer distribution factors (OTDFs) that can be used to
estimate FCITC and FCTTC values are defined in Appendix B.

A distribution (or response) factor cutoff is the suggested minimum level or
magnitude of LODFs, PTDFs, and OTDFs considered significant and used in transfer capability
calculations or other system analyses. LODFs, PTDFs, and OTDFs below 2-3% are not
generally considered in determining transfer capabilities.

This suggested cutoff level may be more significant to a lower voltage facility with a
lower normal or emergency rating than it is to a higher voltage facility with a higher normal
and emergency rating. For example, a 2% PTDF on a 138 kV line for a 1,000 MW transfer
(or a 20 MW change in loading on the line) is a more significant portion of the emergency
thermal rating of a 138 kV line than it is of an emergency thermal rating of a 345 KV line.

The above suggested distribution factor cutoff should not be universally applied
without good engineering judgment. Any critical facility with a distribution (or response)
factor below the cutoff should still be closely monitored in the analyses to ensure that its
facility limits are not exceeded and that system reliability will be maintained.
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The NERC definitions for FCITC and FCTTC are intended to foster and promote
consistency in calculating and reporting electric system transfer capability. However, if
Regional, subregional, power pool, or individual system calculation methods or reliability
criteria or guides are more restrictive than the system conditions in the FCITC and FCTTC
definitions, the more restrictive calculation method or reliability criteria or guides must
be observed.

The Regions, subregions, power pools, or individual systems have the primary
responsibility for the reliability of bulk electric supply in their Regions or areas. These entities
also have the responsibility to develop their own appropriate or more detailed planning and
operating reliability criteria or guides, including those pertaining to transfer capability, that
reflect the diversity of individual electric system characteristics, geography, and demographics
for their areas.
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The transfer capability calculation guidelines in this report are intended for general
use and are designed to be flexible enough to be adaptable to the varying circumstances in
different areas of the United States and Canada. However, they are also specific enough to
promote a common understanding and interpretation of transfer capability concepts. The
guidelines are based on sound technical considerations recognizing the electrical and opera-
tional characteristics of the interconnected transmission systems.

Electric transmission systems have finite capabilities that are based on an expected
use pattern and are governed by the laws of physics, and safety and reliability considerations.
These systems cannot provide unlimited transmission services for all parties at all times.
When transmission systems become loaded to their transfer capability limits, additional
transmission services can only be accommodated by adjusting or curtailing some existing
services of, in the longer term, by expanding the transmission systems.

Electric transmission systems are planned and designed to be responsive to a range
of constantly changing operational parameters. These parameters, among others, include
changing customer demands, generation availability and dispatch, and the electrical character-
istics of the transmission facilities. Therefore, the determination of the capability of the
interconnected transmission systems to support electric power transfers is complicated.

The transfer analysis requires a thorough understanding of the interrelationship of the
operational parameters and their effects on the performance of the transmission systems.

Transmission systems designed to serve a projected range of operational parameters
may not be-capable of supporting a large change in one or more of these parameters, or a
significant change in the system uses that may be imposed upon them. When the voltage or
stability limits of the systems or the thermal limits of individual transmission facilities are
reached, the capability of the interconnected systems to support additional transfers is also
reached. Additional transfers can only be accommodated by:

* Reducing the loadings on the constrained facility(ies) by either changing some
operating parameter, such as changing generation dispatch or reducing customer
demand, or

* Modifying the configuration of the existing facilities or reconfiguring the
interconnected systems by the addition of new transmission facilities.

No comprehensive and universally applicable procedure exists for determining the
“adequate” or “appropriate” level of transfer capability that will ensure reliable service at all
times. The adequate level of transfer capability for any individual electric system is a complex
determination. It involves analysis of a number of system performance and configuration
issues, including an evaluation of the system benefits to be achieved. System size and location,
the size of installed generating units, the distribution of customer demands to be served, the
strength of the transmission system configuration, and the anticipated use of the system are
some of the key parameters that will affect transfer capability. For each electric system or
potential transmission user, the objectives and benefits to be achieved from different levels
of transfer capability will be unique and must be evaluated by an analysis of the specific
parameters appropriate to each system.
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The development of interconnection lines among electric systems is pursued for a
wide variety of reasons. Some directly address reliability matters, while others address environ-
mental or economic concerns. Each electric system must analyze and define its own transfer
capability goals. All significant uses of transfer capability must be adequately evaluated.

As the electric systems evolve in a more competitive electric power market, demands
for use of the transmission systems will increase. The need to provide transmission services,
for both utilities and nonutilities, raises a number of reliability concerns including increased
transmission system loadings, parallel path flows, and increased coordination problems.

The planning and operation of the interconnected electric transmission systems
in the United States and Canada are conducted in accordance with NERC reliability criteria
and guides. The Regions and their member systems also have established additional criteria
and guides designed to maintain the security of their transmission systems for the more
probable contingencies. Although there have been a few instances of localized interruption
of electric supply to customers, widespread cascading transmission outages generally have
been prevented.

All users of the transmission systems must also adhere to accepted planning and
operating criteria and guides designed to maintain electric system reliability as described in
NERC'’s Policies, Procedures, and Principles and Guides for Planning Reliable Bulk Electric
Systems, its Policies for Interconnected Systems Operation, and its Operating Guides.
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Overview

This appendix illustrates by means of a simplified interconnected electric systems
network the key concepts and definitions of transmission transfer capability described in the
main body of this document. Specifically, six examples illustrate, in a simplified manner, how
transfer capabilities are calculated and reported.

This overview briefly describes the interconnected systems network, the general
methodology, and the transfer capability definitions on which the examples are based. It also
includes a summary of the transfer capability resuits for each example. A detailed description
of Example 1 and summary descriptions of Examples 2 through 6 follow this overview.

Description of the Interconnected Systems Network

The six examples all reference the same simplified interconnected systems network
(Figure 1). Three electric systems, designated Area A, Area B, and Area C, are interconnected
via three transmission paths, path A-B, path A-C, and path B-C. Each transmission path, in
turn, is comprised of two parallel interconnection transmission lines, line #1 and line #2. Each
Area, in itself, is an electric system comprised of several generating units, dispersed customer
demand, and transmission lines, none of which are explicitly shown on Figure 1 or used in the
examples. Rather, the internal electric system in each Area is symbolically designated by a
generator (G) and a customer demand (D) arrow.

In the examples, it is assumed that the transmission lines connecting the Areas include
both the critical single contingency (facility outage) as well as the limiting transmission facility
or element for electric power transfers between and among these Areas. In an actual intercon-
nected network, the critical single transmission system faciiity that is out of service and the
limiting transmission facility may be located anywhere in the entire interconnected network,
including within the internal system in each Area.

In the six examples, it is assumed that each of the two interconnection transmission
lines between Areas A and B (and which comprise path A-B) has a normal thermal rating of
950 megawatts (MW) and an emergency thermal rating of 1,100 MW. Each of the two lines
between Areas A and C, and Areas B and C has a normal thermal rating of 850 MW and an
emergency thermal rating of 1,000 MW. These ratings of the two transmission lines intercon-
necting the Areas are summarized below.

TRANSMISSION TIE LINES

Normal Thermal Emergency Thermal
Facility Ratings (MW) Ratings (MW)
Line A-B #1 950 1,100
Line A-B #2 950 1,100
Line A-C #1 850 1,000
Line A-C #2 850 1,000
Line B-C #1 850 1,000
Line B-C #2 850 1,000

TRANSMISSION TRANSFER CAPABILITY
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In general, the ability of the interconnected systems network of Figure 1 to reliably
transfer electric power may be limited by any one of three conditions, namely, thermal limits,
system voltage limits, or system stability limits. For the purposes of these examples, it is
assumed that only the thermal capability of the interconnection transmission lines will limit
the electric power transfers and that voltage and stability limits, for simplicity, do not apply.

The two methods generally used in reporting transmission transfer capability are also
included for each example. The first reporting method, used primarily in the Eastern Intercon-
nection, presents transfer capability results in terms of electric power transfer capability between
“Areas” (or electric systems). The second reporting method, used primarily in the Western Inter-
connection, presents transfer capability in terms of individual “transmission path” capabilities.

Although the interconnected systems network of Figure 1 remains the same for the
six examples, different assumed base system conditions in each example result in different
transmission transfer capabilities among Areas A, B, and C.

General Methodology

In each example, the base conditions are representative of a different set of speci-
fied generation, customer demand, and base scheduled transfer assumptions. Computer simula-
tions performed on those base system conditions determine the transfer capabilities between
and among the Areas as well as the transfer capabilities of the transmission paths connecting
the Areas under the First Contingency Incremental or First Contingency Total Transfer Capabil-
ity (FCITC or FCTTC, respectively) definitions described in the main body of this report.

Summary of Results

The transmission transfer capabilities for the six examples are summarized in the
following table. It includes the base conditions, the base scheduled transfers in effect, the criti-
cal single contingency transmission facility, the limiting transmission facility and its emergency
thermal rating, and the transfer capability from Areas A and C to Area B for various assumed
base conditions, as well as the transmission path transfer capabilities of paths A-B, A-C, and
B-C. These examples show how FCITC and FCTTC can vary for the same interconnected
electrical network under different base system conditions. They also illustrate that the calculat-
ed transfer capabilities are only “snapshots” of the transfer capability at a given moment for this
network. The key features of each example are described below.

Example 1 — Shows the amount of electric power that can be transferred from Area A to
Area B under a specified set of base system conditions.

Example 2 — Illustrates for a different set of base conditions the effects on the AreaA to
Area B transfer capability of Example 1.

Example 3 — Shows the impact on the Area A to Area B transfer capability of Example 1
when an existing base scheduled transfer is in effect between Area A and
Area C. '

Example 4 — Shows the impact on the Area A to Area B transfer capability of Example 1
when a base scheduled transfer condition exists in the opposite direction,
that is, a transfer from Area B to Area A.
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Example 5 — Shows the maximum total simultaneous transfer capability from Areas A and
C toArea B. It illustrates that the maximum non-simultaneous Area A to Area
B transfer capability and the maximum non-simultaneous Area C to Area B
transfer capability cannot be added to obtain the maximum total simultane-
ous transfer capability from Areas A and C to Area B.

Example 6 — Shows that, in certain circumstances and when system conditions permit,
special protection systems (or remedial action schemes) may be used to
increase transmission transfer capability. These systems or schemes are
automated and generally fast-acting, responding to system contingencies
much faster than system operator action. They are not universally applicable
to all electric systems.

The six examples also illustrate that different transmission transfer capability values or
levels can be reported to describe the same network conditions and transfer capability limits
depending on the reporting method (“area interchange” basis or “transmission path” basis) used.

SUMMARY OF TRANSMISSION TRANSFER CAPABILITY EXAMPLES

Example 1 | Example 2 | Example3 | Example 4 | Example 5 | Example 62
Base Conditions 200 MW 200 MW 200 MW 200 MW 200 MW 240 MW
clockwise loop countet clockwise loop | dockwise loop | clockwise loop counter-
flow (A-C-B-A)| clockwise loop | flow (A-C-B-A) | flow (A-C-B-A) | flow (A-C-B-A)| clockwise loop
flow (A-B-C-A) flow (A-B-C-A)|
Base Scheduled None None 500 MW 500 MW None 1,000 MW
Transfers fromAreaA from Area B fromArea C
toArea C toAreaA toArea B
Critical Single Line A-C #1 LineA-B #1 Line A-C #1 LineA-C #1 Line B-C#1 Line B-C#1
Contingency or #2
(Facility Outage)
Limiting Facility Line A-C #2 Line A-B #2 Line A-C #2 LineA-C #2 Line B-C #2 LineA-B #1
Thermal (1,000) (1,100) (1,000) (1,000) (1,000) and #2
Rating — MW) (1,100 each)
Transfer Capability (MW): AtoB AtoB AtoB AtoB AandCtoB AtoB
“Area Interchange” BasisP
 FCITC 2,834 2,286 1,834 3,208 3,018 2,116
« FCTTC 2,834 2,286 1,834 2,708 3,018 2,1163
“Transmission Path” Basis®
* Path A-BFCTTC 1,500 1,572 1,000 1374 1,548 1,7702
* Path A-CFCTTC 1,334 —d 1,334 1,334 —d —d
* Path C-BFCITC —d —d —d —d 1,470 1,3462

2 Special protection system (or remedial action scheme) in effect.

b Both the FCITC and FCTTC concepts are used in reporting transfer capabilities on the “area interchange” basis in the
Eastern Interconnection.

€ Only the FCTTC concept is used in reporting transfer capabilities on the “transmission path” basis in the Western Interconnection.
In this example, the transmission path is not at its FCTTC limit.
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Example 1

Transmission Transfer Capability from Area A to Area B
without Base Scheduled Transfers, and a Clockwise Loop Flow

Base Conditions

In Example 1, under base conditions, each Area (or electric system) has dispatched its
generation to satisfy its own customer demands, and no scheduled electric power transfers exist
among the three Areas. That is, inter-area scheduled transfers from Area A to Area B,Bto A, A to
C,CtoA,Bto C,and C to B are zero.

A computer simulation of these initial or base system conditions indicates that the
interconnected systems network will have a net clockwise electric power flow, or loop flow, of
200 MW from Area A to Area C to Area B and back to Area A. This clockwise flow results from
the configuration and generation dispatch within the three interconnected Areas as they serve
their own native distributed customer demands. These base conditions are shown in Figure E1-A.

Figure E1-A
Base Conditions - Example 1

Zero Scheduled Transfers Calculation of Transfer Capability

Among Areas A, B, and C

Transfer capability values or levels may be based on alternating current (nonlinear)
or direct current (linear) computer simulations (load flow studies) of the interconnected elec-
tric systems, and, as necessary, system voltage and system stability analyses. Since it is assumed
that only interconnection transmission line thermal ratings will limit the transfer capability of
the interconnected systems network, simplified direct current simulations will be used in this
Example 1 and the following examples. These linear computer simulations can determine the
network response to the various possible electric power transfers, in this case from Area A to
Area B, the critical single transmission contingency, and the transmission facility that restricts
or limits the transfer capability under the single contingency condition.

The first step in determining the Area A to Area B transfer capability is to modify the
base case computer simulation of Figure E1-A by increasing generation in Area A and decreas-
ing generation in Area B. This process continues until any single contingency (or facility out-
age) would cause one of the remaining transmission facilities in service to reach its emergency
thermal rating. Assume in this Example 1 that computer simulation identifies one of the two
transmission interconnection lines between Areas A and C as the critical single transmission
contingency and the remaining transmission line between Area A and Area C as the limiting
facility.

The computer simulation also shows, with all the facilities in service, for electric
power transfers from Area A to Area B, 60% of a scheduled transfer will flow from Area A to
Area B on transmission path A-B, or 30% on transmission line A-B #1 and 30% on transmission
line A-B #2. The remaining 40% of the scheduled transfer from Area A to Area B will flow on
the transmission path from Area A to Area C and then from Area C to Area B. That is, 20% of the
power transfer will flow on transmission lines A-C #1, A-C #2, C-B #1,and C-B #2. The simu-
lations also show that the outage of line A-C #1 will result in 50% of the pre-contingency load-
ing on line A-C #1 to immediately shift to line A-C #2. In addition, 25% of the pre-contingency
loading on line A-C #1 will be shifted to each of lines A-B #1 and A-B #2, and 25% will shift to
each of lines B-C #1 and B-C #2,
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Figure E1-B

Area A to Area B Transfer Capability
Limiting Conditions

2,834 MW Transfer Limit from Area A lo Area B

Figure E1-C

Area A to Area B Transfer Capability
Under the Critical Contingency

2,834 MW Transfer Limit from Area A to Area B
and Line A-C #1 Out of Service
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When the transfer capability limit on the interconnected systems is reached, genera-
tion in Area A will have increased by 2,834 MW and generation in Area B will have been de-
creased by the same amount. The loadings on the transmission paths for this transfer capability
of 2,834 MW from Area A to Area B are shown in Figure E1-B. Note also for this transfer limit,
with all transmission lines in service, that the transmission line loadings are within their respec-
tive normal thermal ratings.

In comparing Figure E1-A with Figure E1-B, the simulated operating conditions
show that of the 2,834 MW transferred from Area A to Area B, 60% of the transfer (or 1,700
MW) will flow over transmission path A-B, resulting in a net loading of 1,500 MW (-200 MW +
1,700 MW) on path A-B. Forty percent of the 2,834 MW transfer (or 1,134 MW) will flow over
transmission paths A-C and C-B, resulting in a net loading of 1,334 MW (200 MW + 1,134
MW) on paths A-C and C-B.

Not exceeding the Area A to Area B transfer capability limit of 2,834 MW is essential
as electric systems must operate on the basis that the current system configuration can reliably
withstand the next contingency. Failure to operate in this manner could subject the intercon-
nected electric systems to facility overloads, voltage instability or collapse, or system dynamic
instability. Any of these situations can lead to cascading and widespread electricity supply dis-
ruptions, and even a system collapse or blackout, if transfer limits are exceeded and a critical
facility outage occurs.

The resulting network loadings under the outage of the critical transmission facility
for the 2,834 MW capacity transfer from Area A to Area B are summarized in Figure E1-C. At
the transmission transfer capability limit conditions of Figure E1-B, transmission lines A-C #1
and A-C #2 are each carrying 667 MW. An outage of transmission line A-C #1 will result in an
immediate shift in flow of 333 MW (50% of 667 MW) to line A-C #2. For this critical outage
condition, line A-C #2 will be loaded to 1,000 MW (667 MW + 333 MW), its emergency
thermal rating. No additional electric power transfers may be achieved from Area A to Area B
under the conditions simulated because the interconnected systems network has reached a
limiting transmission condition. Under this single contingency condition, the remaining 50%
of the pre-contingency loading of line A-C #1 (or 334 MW) will be transferred to paths A-B
and B-C. That is, each transmission line of paths A-B and B-C will carry an additional 167 MW
in the counterclockwise direction.

Reporting of Transfer Capability

Two approaches are used in the electric utility industry to express or report transfer
capability values or levels depending on the purpose to be served. They include the “Area
Interchange” basis and the “Transmission Path” basis as described below. Each of the approach-
es, however, uses the same general simulation techniques to calculate the electric power trans-
fer limits. The differences lie in the statement or reporting of results as described in the
“Interpretation of Results” section, rather than in the underlying calculation principles.

a) “Area Interchange” Basis
In Example 1, if the transfer capability values are reported on an “area interchange”
basis, as in the Eastern Interconnection, the Area A to Area B transfer capability
would be either the First Contingency Incremental Transfer Capability (FCITC) of
2,834 MW or the First Contingency Total Transfer Capability (FCTTC) of 2,834
MW. FCITC and FCTTC from Area A to Area B are the same in this Example 1.
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FCITC is the amount of electric power, incremental above normal base power
transfers, that can be transferred over the interconnected systems in a reliable
manner. As the base power transfer from Area A to Area B is zero, the maximum
incremental power transfer above the normal base power transfer is 2,834 MW.
The total transfer capability or FCTTC from Area A to Area B is the net of the base
power transfer (or zero) plus the incremental power transfer (2,834 MW) or
2,834 MW.

b) “Transmission Path” Basis -
Another approach, used in the Western Interconnection, would report only the
total transfer capability (FCTTC) results of Example 1 but with a focus toward
specific transmission path capabilities. The First Contingency Incremental
Transfer Capability (FCITC) concept is not used in the Western Interconnection.
Under the limiting electric power transfer conditions of 2,834 MW from Area A
to Area B and with all facilities in service (Figure E1-B), transmission path A-B
has a loading of 1,500 MW. For this operating condition, a higher transfer from
Area A to Area B on path A-B cannot be achieved because the single contin-
gency outage of either transmission line A-C #1 or A-C #2 would cause the
remaining A-C line to exceed its emergency thermal rating. Therefore, the 1,500
MW loading on path A-B becomes the path A-B total capability, which is report-
ed as the FCTTC for path A-B. It is not permissible for net scheduled power
transactions between Areas to exceed the capability of the direct paths between
Areas. In this example, scheduled transfers from Area A to Area B would be limited
to 1,500 MW on the basis of path A-B.

The corresponding FCTTC of path A-C is 1,334 MW. However, the appropriate
coordination arrangements must be made with Area C for the 1,334 MW transfer
to be made from Area A to Area B over paths A-C and C-B. If these arrangements
are made, then Area A could transfer 2,834 MW to Area B.

For the transfer levels simulated in this example, transmission path C-B is not
loaded to its total transfer capability. Therefore, an FCTTC for path C-B is not
reported.

c) Interpretation of Results
Example 1 is intended to demonstrate how transmission transfer capability may
be calculated and reported and the care that must be exercised in using transfer
capability results. On the “area interchange” basis, the FCITC from Area A to Area
B would be reported as 2,834 MW. The FCTTC from Area A to Area B on the “area
interchange” basis would also be reported as 2,834 MW, while on the “transmis-
sion path”basis, the FCTTC for transmission path A-B would be reported as
1,500 MW.

For each of these reporting methods, the responses are based on the same
physical interconnected transmission system conditions and limitations.
However, the transfer values reported focus on different aspects of the intercon-
nected systems. In the “area interchange” case, the focus is on the ability of the
interconnected systems network to support the electric power transfer from
Area A to Area B. In the second case, the focus is on the ability of a specific
transmission path to support a transfer.
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Transfer Capability Calculation Details

Transfer capability values or levels should be based on alternating current load flow
simulations of the interconnected transmission systems. However, direct current or linear sim-
ulation techniques are often used to screen the interconnected transmission systems for the
most critical single contingencies and their system effects, and to determine the transfer level
at which those contingencies are limiting. Transfer levels determined by such linear simula-
tions should be verified by alternating current simulations to ensure that no voltage or reactive
power supply problems exist at or below the limiting transfer levels identified by the linear
simulations. Evaluations of the interconnected systems for stability limitations under the trans-
fer levels identified in load flow simulations also need to be performed to ensure the stability
of the interconnected systems under the transfer conditions and any single facility outage.

For the simplified interconnected systems of Example 1, line outage distribution
factors, power transfer distribution factors, and outage transfer distribution factors, as defined
below, will be used to calculate in detail the FCITC and FCTTC values reported in Example 1.
These distribution factors are determined from computer simulations of the interconnected
electric systems and can be used to “estimate” transfer capabilities in systems with thermal lim-
itations. These factors can also be used to calculate the FCITC and FCTTC values in Examples
2 through 6.

Line Outage Distribution Factors

A line outage distribution factor (LODF) measures the redistribution of electric
power on remaining system facilities as a result of an outage (or removal from service) of a
single system facility or element. The redistribution of the electric power is expressed in
percent (up to 100%) of the pre-contingency electrical loading on the outaged facility. LODFs
for one line of each of the three transmission paths of Example 1 are shown below. Because
of the assumed symmetry in each of the interconnection transmission paths of this intercon-
nected network example, these distribution factors also apply, respectively, for the outage of
lines A-B #2, A-C #2, and B-C #2.

LINE OUTAGE DISTRIBUTION FACTORS (LODFs)

Response (%) to Outages of:
Line Line Line
Line A-B # A-C#1 B-C #1
A-B#1 Outaged 25 -32
A-B#2 40 25 -32
A-C#1 30 Outaged 32
A-C#2 30 50 32
B-C#1 -30 25 Outaged
B-C#2 -30 25 36
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It is convention that transmission line flows are “positive” in the direction from the first
named line terminal to the second named line terminal. For an outage of line A-B #1,40% of
the pre-contingency loading on line A-B #1 will instantaneously shift to line A-B #2. As the
40% (of the distributed flow) is a positive response factor, the incremental loading on remain-
ing line A-B #2 will be in the direction from Area A to Area B. Similarly, 30% of the pre-contin-
gency loading on line A-B #1 will be shifted to each of lines A-C #1 and A-C #2,and in the
direction from Area A to Area C. Thirty percent of the pre-contingency loading on line A-B #1
will also be shifted to lines B-C #1 and B-C #2 but in the direction from Area C tg Area B.

Power Transfer Distribution Factors

Computer simulations are also used to determine power transfer distribution factors
(PTDFs) for an interconnected systems network. PTDFs measure the responsiveness or change
in the electrical loadings on system facilities due to a change in the electric power transfer
from one area to another area. These distribution factors are expressed in percent (up to
100%) of the change in power transfer. They apply only for the pre-contingency configuration
of the interconnected systems under study. That is, with all facilities in service.

The PTDFs for the interconnected systems network of Example 1 are shown below.
These factors can be used to determine the responses to power transfers between any of the
six possible combinations of the three Areas. For example, for the network configuration and
generation dispatches assumed, and with all facilities in service, 60% of the transfer from Area A
to Area B will flow over path A-B and 40% will flow via Area C over transmission paths A-C
and C-B.

Line Response (%) to Transfers From:

Area A Area A AreaB | Area B Area C Area C
Line A::a B Ar(ta: C Ar::g A Ar(teg C Ar:g A Ar:g B
A-B #1 30 10 -35 -8 -15 13
A-B #2 30 10 -35 -8 -15 13
A-C#1 20 40 -15 8 -35 -13
A-C#2 20 40 -15 8 -35 -13
B-C #1 -20 10 15 42 -15 -37
B-C #2 -20 10 15 42 -15 -37
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Example 1
Single Contingency and Limiting Facility
Computer simulations, which combine line outage distribution factors and power
transfer distribution factors, are used to identify the critical single transmission facility outage
and its effects on the remaining transmission facilities. In Example 1, it was assumed that com-
puter simulation identified that when Area A schedules a transfer to Area B, the transmission
Figure E1-D interconnection lines between Areas A and C are the most restrictive. That is, for the outage of
Base Conditions - Example 1 one of the two A-C transmission lines, the remaining line becomes the limiting facility for Area
Zero Scheduled Transfers A to Area B transfers.

Among Areas A, B, and C

These line outage and power transfer distribution factors can also be used in esti-
mating the FCITC and FCTTC for electric power transfers between and among Areas A, B, and
C. The calculations of FCITC and FCTTC for electric power transfers from Area A to Area B
using these factors are described below for the conditions of Example 1.

Calculation of FCITC — Example 1

The base electric power flow conditions of Example 1 are shown on Figure E1-D.
(Same as Figure E1-A))

If transmission line A-C #1 is out of service under base conditions, the resulting
loading on line A-C #2 will be:

(Flow on line A-C #2) + (LODF) (Flow on line A-C #1) = Flow on line A-C #2 with line A-C #1
out of service

100 MW + (0.50) (100 MW) = 150 MW

Figure E1-E
e iﬂ:%“;ﬁ:;f&’:;ﬂg:niy Figure E1-E shows the electric power flows on the interconnected systems network
Zero Scheduled Transfors Among Areas 4, B, following the outage of line A-C #1 under base conditions.
and C, and Line A-C #1 Out of Service

A next step in the calculation of FCITC is to determine the fraction (or percent) of the
electric power transfer from Area A to Area B that appears on line A-C #2 (which is the assumed
transmission limiting facility) when line A-C #1 is out of service. This fraction (or percent), also
known as the Outage Transfer Distribution Factor (OTDF), can be calculated as follows:

(PTDF of line A-C #2) + (LODF of line A-C #1) (PTDF of line A-C #1) = OTDF
0.20 + (0.50) (0.20) = 0.30 or 30%

This OTDF factor means that 30% of any power transfer from Area A to Area B will
appear on line A-C #2 when line A-C #1 is out of service.

To determine the FCITC for electric power transfers from Area A to Area B (assum-
ing no voltage or stability system limitations), the difference between the emergency thermal
rating (ETR) of limiting line A-C #2 (or 1,000 MW) and the flow on limiting line A-C #2 (or
150 MW) is divided by the above OTDF as follows:

(ETR of line A-C #2) - (Flow on line A-C #2) = FCITC
OTDF &

1,000 MW - 150 MW
0.30

= 2,834 MW
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Area A to Area B Transfer Capability
Under the Critical Contingency

2,834 MW Transfer Limit from Area A to Area B
and Line A-C #1 Out of Service
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Figure E1-F (same as Figure E1-C) shows the loadings on the interconnected sys-
tems network for the critical line outage condition (line A-C #1 out of service) with the 2,834
MW FCITC transfer from Area A to Area B in effect. The loading on transmission line A-C #2 is
at its emergency thermal rating of 1,000 MW.

Calculation of FCTTC — Example 1

FCTTC is the total amount of electric power (net of normal base power transfers
plus first contingency incremental transfers) that can be transferred between two areas of the
interconnected transmission systems in a reliable manner based on the three conditions in the
FCITC definition.

As no scheduled transfers are in effect between Area A and Area B under base condi-
tions, the FCTTC is:

Base Scheduled Transfers + FCITC = FCTTC
0 MW + 2,834 MW = 2,834 MW
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Base Conditions - Example 2

Zero Scheduled Transfers
Among Areas A, B, and C

Figure E2-B

Arca A to Area B Transfer Capability
Limiting Conditions

2,286 MW Transfer Limit from Area A to Area B
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Example 2

Transmission Transfer Capability from Area A to Area B
without Base Scheduled Transfers, and a Counterclockwise Loop Flow

Base Conditions

The network configuration of Example 1 applies to Example 2. However, in
Example 2, changes have been made to the internal generation dispatch in each Area to meet a
different level of customer demand such that a computer simulation of base system conditions
indicates that the network will have a net counterclockwise electric power flow, or loop flow,
of 200 MW from Area A to Area B to Area C and back to Area A. These base conditions are
shown in Figure E2-A. All of the other interconnected network assumptions are similar to

Example 1.

Calculation of Transfer Capability

The method of determining transfer capability is the same as in Example 1.
However, in this Example 2, computer simulation identifies one of the two interconnection
transmission lines between Areas A and B as the critical single transmission contingency and
the remaining transmission line between Area A and Area B as the limiting facility.

‘When the transfer capability limit on the interconnected systems is reached,
generation in Area A will have increased by 2,286 MW and generation in Area B will have been
decreased by the same amount. The loadings on the transmission paths for this maximum
transfer capability of 2,286 MW from Area A to Area B are shown in Figure E2-B.

The resulting network loadings under the outage of the critical transmission facility,
line A-B #1, for the 2,286 MW capacity transfer from Area A to Area B are summarized in Figure
E2-C. No additional power transfers may be achieved from Area A to Area B under the condi-
tions simulated because the interconnected systems have reached a limiting condition of 1,100
MW on transmission line A-B #2.

Reporting of Transfer Capability

The transfer capability results of Example 2 may be reported on an area interchange
basis or a transmission path basis as follows.

a) “Area Interchange” Basis
In the Eastern Interconnection, the Area A to Area B transfer capability would be
reported either as a First Contingency Incremental Transfer Capability (FCITC)
of 2,286 MW or a First Contingency Total Transfer Capability FCTTC) of 2,286
MW. ECITC and FCTTC from Area A to Area B are the same in this Example 2 as
no scheduled transfers exist between Areas A and B under base conditions.
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Figure E2-C

Area A to Area B Transfer Capability
Under the Critical Contingency

2286 MW Transfer Limit from Area A to Area B
and Line A-B #1 Out of Service
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b) “Transmission Path” Basis

©)

In the Western Interconnection, only the total transfer capability (FCTTC)
results of Example 2 would be reported but with a focus toward specific
transmission path capabilities. The FCITC concept is not used in the Western
Interconnection. Under the limiting transfer conditions of 2,286 MW from Area
A to Area B and with all facilities in service, transmission path A-B has a loading
of 1,572 MW (Figure E2-B). For this operating condition, a higher transfer from
Area A to Area B on path A-B cannot be achieved because the single contin-
gency outage of either transmission line A-B #1 or A-B #2 would cause the
remaining A-B line to exceed its emergency thermal rating. Therefore, on a
transmission path basis, the 1,572 MW loading on path A-B becomes the path
A-B total transfer capability, which is reported as the FCTTC for transmission
path A-B.

For the transfer levels simulated in this example, transmission paths A-C and
C-B are not loaded to their total transfer capability. Therefore, FCTTCs for these
paths are not reported.

Interpretation of Results

Example 2 demonstrates the effect of a different set of base conditions on the
transmission transfer capability from Area A to Area B. By comparing Examples
1 and 2,2 400 MW shift in electric power circulation or loop flow (200 MW
clockwise to 200 MW counterclockwise because of a change in internal
generation dispatch in the Areas) results in a 548 MW reduction in the Area A to
Area B FCITC and FCTTC transfer capabilities on an area interchange basis. The
400 MW change in base conditions results in an increase of 72 MW in the
FCTTC of transmission path A-B.

Exampie Z aiso illustrates that transmission transfer capability between areas

or systems is not one number, but a range of numbers that varies with system
operating conditions, the critical single contingency (or facility outage), and the
limiting system facility under the single contingency condition.
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Base Conditions - Example 3

500 MW Base Scheduled Transfer
from Area A to Area C

Figure E3-B
Area A to Area B Transfer Capabiiity
Limiting Conditions
1,834 MW Transfer Limit from Area A to Area B

with a 500 MW Base Scheduled Transfer
Jrom Area A to Area C
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Example 3

Transmission Transfer Capability from Area A to Area B
with a 500 MW Base Scheduled Transfer from Area A to Area C

Base Conditions

The network configuration of Example 1 applies to Example 3. Under base condi-
tions, however, a 500 MW scheduled power transfer exists from Area A to Area C. Computer
simulation of these base system conditions results in the transmission line loadings of Figure
E3-A. All of the other interconnected network assumptions are similar to Example 1.

Calculation of Transfer Capability

The method of determining transfer capability is the same as in Example 1.
However, in this Example 3, computer simulation identifies one of the two interconnection
transmission lines between Areas A and C as the critical single transmission contingency and
the remaining transmission line between Area A and Area C as the limiting facility.

When the transfer capability limit on the interconnected systems is reached, genera-
tion in Area A will have increased by 1,834 MW and generation in Area B will have been
decreased by the same amount. The loadings on the transmission paths for this maximum
transfer capability of 1,834 MW from Area A to Area B are shown in Figure E3-B.

The resulting network loadings under the outage of the critical transmission facility,
line A-C #1, for the 1,834 MW transfer from Area A to Area B are summarized in Figure E3-C.
No additional power transfers may be achieved from Area A to Area B under the conditions
simulated because the interconnected systems have reached a limiting condition of 1,000 MW
on transmission line A-C #2.

Reporting of Transfer Capability

The transfer capability results of Example 3 may be reported on an area interchange
basis or a transmission path basis as follows.

a) “Area Interchange” Basis
In the Eastern Interconnection, the Area A to Area B transfer capability would
be reported either as a First Contingency Incremental Transfer Capability
(FCITC) of 1,834 MW or a First Contingency Total Transfer Capability (FCTTC)
of 1,834 MW. FCITC and FCTTC from Area A to Area B are the same in this
Example 3 as no scheduled transfers exist between Areas A and B under base
conditions.
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Figure E3-C
Area A to Area B Transfer Capability
Under the Critical Contingency

1.834 MW Transfer Limit from Avea A 1o Area B
with a 500 MW Base Scheduled Transfer from
Area A to Area C, and Line A-C #1 Out of Service
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b) “Iransmission Path” Basis

In the Western Interconnection, only the total transfer capability (FCTTC) results
of Example 3 would be reported but with a focus toward specific transmission
path capabilities. The FCITC concept is not used in the Western Interconnection.
Under the limiting transfer conditions of 1,834 MW from Area A to Area B and
with all facilities in service, transmission path A-B has a loading of 1,000 MW
(Figure E3-B). For this operating condition, a higher transfer from Area A to Area B
on path A-B cannot be achieved because the single contingency outage of either
transmission line A-C #1 or A-C #2 would cause the remaining A-C line to exceed
its emergency thermal rating. Therefore, the 1,000 MW loading on path A-B
becomes the path A-B total transfer capability, which is reported as the FCTTC for
transmission path A-B.

The corresponding FCTTC of path A-C is 1,334 MW. However, the appropriate
coordination arrangements must be made with Area C for the 1,334 MW transfer
to be made from Area A to Area B over paths A-C and C-B. If these arrangements
are made, then Area A could transfer 1,834 MW to Area B.

For the transfer levels simulated in this example, transmission path C-B is not
loaded to its total transfer capability. Therefore, an FCTTC for this path is not
reported.

c) Interpretation of Results

Example 3 demonstrates the effect of a base scheduled transfer of 500 MW from
Area A to Area C on the transmission transfer capability from Area A to Area B. A
comparison of Examples 1 and 3 shows that the base transfer reduces the FCITC
and FCTTC from Area A to Area B by 1,000 MW on an area interchange basis.

On the transmission path basis, the 500 MW scheduled transfer from Area A to
Area C reduces the FCTTC of transmission path A-B by 500 MW. In Examples 1
and 3, under contingency conditions, the transmission lines of path A-C are
limited by their emergency thermal ratings, therefore, the FCTTC of path A-C is
1,334 MW in both examples.
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Figure F4-A
Base Conditions - Example 4

500 MW Base Scheduled Transfer
from Area B to Area A

Figure E4-B
Area A to Area B Transfer Capability
Limiting Conditions

3,208 MW Transfer Limit from Area A to Area B
with a 500 MW Base Scheduled Transfer
from Area B to Area A
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Example 4

Transmission Transfer Capability from Area A to Area B
with a 500 MW Base Scheduled Transfer from Area B to Area A

Base Conditions

The network configuration of Example 1 applies to Example 4. Under base condi-
tions, however, 2 500 MW scheduled power transfer exists from Area B to Area A. Computer
simulation of these base system conditions results in the transmission line loadings of Figure
E4-A. All of the other interconnected systems network assumptions are similar to Example 1.

Calculation of Transfer Capability

The method of determining transfer capability is the same as in Example 1.
However, in this Example 4, computer simulation identifies one of the two interconnection
transmission lines between Areas A and C as the critical single transmission contingency
and the remaining transmission line between Area A and Area C as the limiting facility.

When the transfer capability limit on the interconnected systems is reached,
generation in Area A will have increased by 3,208 MW and generation in Area B will have
been decreased by the same amount. The loadings on the transmission paths for this transfer
capability of 3,208 MW from Area A to Area B are shown in Figure E4-B.

The resulting network loadings under the outage of the critical transmission facility,
line A-C #1, for the 3,208 MW transfer from Area A to Area B are summarized in Figure E4-C.
No additionai power transfers may be achieved from Area A to Area B under the conditions
simulated because the interconnected systems have reached a limiting condition of 1,000
MW on transmission line A-C #2.

Reporting of Transfer Capability

The transfer capability results of Example 4 may be reported on an area interchange
basis or a transmission path basis as follows.

a) “Area Interchange” Basis
In the Eastern Interconnection, the Area A to Area B transfer capability would be
reported either as a First Contingency Incremental Transfer Capability (FCITC) of
3,208 MW or a First Contingency Total Transfer Capability (FCTTC) of 2,708 MW.
The FCTTC is the net of the base power transfer from Area A to Area B (or -500
MW) plus the incremental power transfer (3,208 MW) from Area A to Area B or
2,708 MW.
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Figure E4-C

Area A to Area B Transfer Capability
Under the Critical Contingency

3,208 MW Transfer Limit from Area A to Area B
with a 500 MW Base Scheduled Transfer from
Area B to Area A, and Line A-C #1 Out of Service
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b) “Transmission Path” Basis
In the Western Interconnection, only the total transfer capability (FCTTC) results
of Example 4 would be reported but with a focus toward specific transmission
path capabilities. The FCITC concept is not used in the Western Interconnection.
Under the limiting net transfer conditions of 2,708 MW from Area A to Area B and
with all facilities in service, transmission path A-B has a loading of 1,374 MW
(Figure E4-B). For this operating condition, a higher transfer from Area A to Area
B on path A-B cannot be achieved because the single contingency outage of
either transmission line A-C #1 or A-C #2 would cause the remaining A-C line to
exceed its emergency thermal rating. Therefore, the 1,374 MW loading on path
A-B becomes the path A-B total transfer capability, which is reported as the
FCTTC for path A-B.

The corresponding FCTTC of path A-C is 1,334 MW. However, the appropriate
coordination arrangements must be made with Area C for the 1,334 MW transfer
to be made from Area A to Area B over paths A-C and C-B. If these arrangements
are made, then Area A could transfer 2,708 MW net to Area B.

For the transfer levels simulated in this example, transmission path C-B is not
loaded to its total transfer capability. Therefore, an FCTTC for this path is not
reported.

c) Interpretation of Results
Example 4 .demonstrates the effect of a base scheduled transfer of 500 MW from
Area B to Area A on the transmission transfer capability from Area A to Area B. A
comparison of Examples 1 and 4 shows that the existence of a base transfer in
the opposite direction (Area B to Area A) increases the incremental transfer
capability from Area A to Area B by 374 MW (from 2,834 MW t0 3,208 MW).

A comparison of the FCTTC values of these examples shows a decrease of 126
MW in the Area A to Area B FCTTC of Example 4 because the power transfer
distribution factors are not identical in both directions (Area A to Area B and Area
B to Area A). FCTTC values may give a truer picture of the changes in the overall
strength of interconnected systems when base transfer schedules are different.

A comparison of Examples 1 and 4 on a transmission path basis shows that the

FCTTC of transmission path A-B is reduced by 126 MW, while the FCTTC of path
A-C remains unchanged at 1,334 MW,
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Figure E5-A
Base Conditions - Example 5

Zero Scheduled Transfers
Among Areas A, B, and C

Figure E5-B

Area A to Area B Transfer Capability
Limiting Conditions

2,834 MW Transfer Limit from Area A to Area B

NERC

EXAMPLES OF TRANSMISSION TRANSFER CAPABILITY

Example 5

Transmission Transfer Capability from Areas A and C to Area B
without Base Scheduled Transfers, and a Clockwise Loop Flow

Base Conditions

Example 5 shows that the non-simultaneous transfer capability from Area A to Area
B cannot be added to the non-simultaneous transfer capability from Area C to Area B to obtain
the maximum total simuitaneous transfer capability from Areas A and C to Area B.

The network configuration and assumptions of Example 1 apply to Example 5.
These base conditions are shown in Figure E5-A (same as E1-A).

Maximum Non-Simultaneous Transfer Capability to Area B

The calculation of the maximum non-simultaneous transfer capabilities from Area A
to Area B and from Area C to Area B are described below.

a) Non-Simultaneous Area A to Area B Transfer Capability
Example 1 indicates that the maximum non-simuitaneous transfer capability
(FCITC or FCTTC) from Area A to Area B is 2,834 MW on an area interchange
basis. The limiting or maximum network loadings for that transfer, including the
FCTTC for transmission paths, A-B and A-C, are shown in Figure E5-B (same as
E1-B). Example 1 also identifies one of the two interconnection transmission
lines between Areas A and C as the critical single transmission contingency and
the remaining line between Area A and Area C as the limiting facility.

b) Non-Simultaneous Area C to Area B Transfer Capability
Similar to Example 1 and using the system response characteristics (LODFs,
PTDFs, and OTDFs) in Example 1, the maximum non-simultaneous transfer
capability (FCITC or FCTTC) from Area C to Area B can be determined as 1,716
MW on an area interchange basis. The limiting or maximum network loadings
for that transfer are shown in Figure E5-C. In this case, the critical single trans-
mission contingency is one of the two interconnection transmission lines
between Areas B and C, and the limiting facility is the remaining line between
Area B and Area C.

¢) Combined Non-Simultaneous Transfer Capabilities
The non-simultaneous transfer of 2,834 MW from Area A to Area B and the non-
simultaneous transfer of 1,716 MW from Area C to Area B CANNOT be added to
obtain the maximum simultaneous transfer capability to Area B. If these non-
simultaneous transfers are added, the resulting network loadings would be as
shown in Figure E5-D. Clearly, the transmission lines of path C-B at 1,302 MW
each would exceed their normal thermal rating of 850 MW and their emergency
thermal rating of 1,000 MW prior to any single contingency. Similarly, the
transmission lines of path A-B at 973 MW each exceed their normal thermal
rating of 950 MW prior to any single contingency. These facility loading condi-
tions are unacceptable from a transmission reliability perspective and do not
meet NERC, nor any NERC member system, planning or operating reliability

criteria and guides.
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Figure E5-C

Area C to Area B Transfer Capabllity
Limiting Conditions

1,716 MW Transfer Limit from Area C to Area B

Figure E5-D

Network Loadings
for Combined Non-Simultaneous
Area A and Area C Transfers to Area B

2,834 MW Transfer from Area A to Area B,
and 1,716 MW Transfer from Area C to Area B
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Maximum Simultaneous Transfer Capability to Area B

To determine the maximum simultaneous transfer capability from Areas A and C to
Area B, the base case computer simulation of Figure E5-A is modified by increasing generation
in Areas A and C and reducing generation in Area B. This process continues until a single con-
tingency causes one of the remaining transmission facilities in service to reach its emergency
thermal rating. In this Example 5, the computer simulation identifies one of the two intercon-
nection transmission lines between Areas B and C as the critical single transmission contin-
gency and the remaining transmission line between Area B and Area C as the limiting facility.

When the transfer capability limit on the interconnected network is reached, genera-
tion in Area A and Area C will have increased by 2,834 MW and 184 MW, respectively, and gen-
eration in Area B will have decreased by this total amount. The loadings on the transmission
paths for this maximum 3,018 MW simultaneous transfer to Area B from Areas A and C are
shown in Figure E5-E.

The resulting network loadings under the outage of the critical transmission facility,
line B-C #1, for the total simultaneous transfer of 3,018 MW from Areas A and C to Area B are
summarized in Figure E5-E No additional power transfers may be achieved from Areas A and C
to Area B under the conditions simulated because the interconnected systems have reached a
limiting condition of 1,000 MW on the remaining B-C line in the direction from Area C to Area B.

Reporting of Transfer Capability

The maximum simultaneous transfer capability results of Example 5 may be report-
ed on an area interchange basis or a.-transmission path basis as follows.

a) “Area Interchange” Basis
In the Eastern Interconnection, the maximum simultaneous transfer capability
from Areas A and C to Area B would be reported either as a First Contingency
Incremental Transfer Capability (FCITC) of 3,018 MW or a First Contingency
Total Transfer Capability (FCTTC) of 3,018 MW.

b) “Transmission Path” Basis
In the Western Interconnection, the simultaneous total transfer capability
(FCTTC) results of Example 5 would be reported with a focus toward specific
transmission path capabilities. The FCITC concept is not used in the Western
Interconnection. Under the limiting transfer conditions of 3,018 MW from Areas
A and C to Area B and with all facilities in service, transmission path A-B has a
loading of 1,548 MW (Figure E5-E). For this operating condition, a higher
combined transfer from Areas A and C to Area B on path A-B cannot be achieved
because the single contingency outage of either transmission line B-C #1 or B-C
#2 would cause the remaining B-C line to exceed its emergency thermal rating.
Therefore, the 1,548 MW loading on path A-B becomes the path A-B total
transfer capability, which is reported as the FCTTC for path A-B.

The corresponding FCTTC of path C-B would be 1,470 MW. However, the
appropriate coordination arrangements must be made with Area C for the 1,470
MW transfer to be made over paths A-C and C-B. If these arrangements are
made, then Areas A and C could transfer 3,018 MW to Area B.

TRANSMISSION TRANSFER CAPABILITY
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Figure E5-E
Network Loadings

for Maximum Simultaneous
Area A and Area C Transfers to Area B

2,834 MW Transfer from Area A lo Area B,
and 184 MW Transfer from Area C to Area B

Figure E5-F

Maximum Simuitaneous Transfers
to Area B Under the
Critical Contingency

EXAMPLES OF TRANSMISSION TRANSFER CAPABILITY

For the transfer levels simulated in this example, transmission path A-C is not
loaded to its total transfer capability. Therefore, an FCTTC for this path is not

reported.

c) Interpretation of Results
Example 5 shows that non-simultaneous transfers from several Areas (Areas A
and C) to a common Area (Area B) CANNOT be directly added to obtain the total
simultaneous transfers to that common Area (Area B).

The table below summarizes the “maximum non-simultaneous” transfer capability
from Area A to Area B (Case 1) and from Area C to Area B (Case 2) along with the
“maximum simultaneous” transfer capability from Areas A and C to Area B (Case
3). Included in this table are two other (Cases 4 and 5) of the many combina-
tions of simultaneous transfer capabilities from Areas A and C to Area B that are
possible in a reliable manner. That is, within the constraints of the normal and
emergency thermal ratings of the interconnection transmission lines of the inter-
connected systems network.

SIMULTANEOUS TRANSFER CAPABILITIES FROM AREAS A AND C TO AREA B

2,834 MW Transfer from Area A to Area B,
184 MW Transfer from Area C 1o Area B,
and Line B-C #1 Out of Service

NERC

Transfer from | Transfer from Critical Transfers from
Area A to Area C to Contingency Limiting Areas A and C
Case Area B Area B Facility Facility to Area B

MW MW MW
1 2,834 0 LineA-C#1 LineA-C #2 2,834
2b 0 1,716 Line B-C#1 Line B-C #2 1,716
3¢ 2,834 184 Line B-C #1 Line B-C#2 3,018
4d 2,249 500 Line B-C #1 Line B-C #2 2,749
54 500 1,447 Line B-C #1 Line B-C #2 1,947

4 Maximum non-simultaneous transfer capability from Area A to Area B.

b Maximum non-simultaneous transfer capability from Area C to Area B.

€ Maximum simultaneous transfer capability from Areas A and C to Area B.

d Only two of the many combinations of simultaneous transfers from Areas A and C to Area B that are possible in a reliable
manner under the interconnected systems network’s constraints.
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The possible simultaneous transfer capabilities from Areas A and C to Area B are shown
graphically in Figure E5-G to illustrate that simultaneous transfer capabilities are multi-dimen-
sional quantities. The textured area represents those combinations of Area A to Area B and Area
C to Area B transfers that can be scheduled simultaneously without exceeding the FCITC crite-
rion. Because of this characteristic, simultaneous transfer capabilities are more difficult to
quantify and describe than non-simultaneous transfer capabilities.

FIGURE E5-G

SIMULTANEOUS TRANSFER CAPABILITIES
FROM AREAS A AND C TO AREA B (MW)
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Example 6

Transmission Transfer Capability from Area A to Area B
with a 1,000 MW Base Scheduled Transfer from Area C to Area B,
and a Special Protection System Installed

Figure E6-A
Base Conditions - Example 6 Base Conditions
s The network configuration of Example 1 applies to Example 6. Under base condi-

tions, however, changes have been made to the internal generation dispatch and the level of
customer demand in each Area such that the network will have a net counterclockwise elec-
tric power flow, or loop flow, of 240 MW from Area A to Area B to Area C and back to Area A.
In addition, a 1,000 MW scheduled power transfer exists from Area C to Area B. The resulting
base conditions are shown in Figure E6-A. All of the other interconnected systems network
assumptions are similar to Example 1.

Calculation of Transfer Capability

The method of determining transfer capability is the same as in Example 1.
However, in this Example 6, the computer simulation identifies one of the two interconnection
transmission lines between Areas A and B as the critical single transmission contingency and
the remaining transmission line between Area A and Area B as the limiting facility.

When the transfer capability limit on the interconnected systems is reached, genera-
tion in Area A will have increased by 1,786 MW and generation in Area B will have been

A AI:igure E6-B Coati decreased by the same amount. The loadings on the transmission paths for this maximum
Area tf.,,,;:,a,,: }?,:},‘,"3;,;‘“ ity transfer capability of 1,786 MW from Area A to Area B, with the scheduled transfer of 1,000

1,786 VW Transfer Linst from Area A fo Area B MW from Area C to Area B in effect, are shown in Figure EG-B.
with a 1,000 MW Base Scheduled Transfer

Jroms droa C 1o drea B The resulting network loadings under the outage of the critical transmission facility,
line A-B #1, for the 1,786 MW transfer from Area A to Area B are summarized in Figure E6-C.
No additional electric power transfers may be achieved from Area A to Area B under the condi-
tions simulated because the interconnected systems have reached a limiting condition of 1,100
MW on transmission line A-B #2.

Special Protection Systems

Special protection systems (SPSs), also known as remedial action schemes, are
designed to automatically perform system protection functions other than the isolation of elec-
trical faults. For example, some SPSs are designed to trip (or remove from service) generators,
pumped storage units, or transmission facilities under a set of carefully defined system condi-
tions.

NERC A TRANSMISSION TRANSFER CAPABILITY
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Figure E6-C
Area A to Area B Transfer Capability
Under the Critical Contingency

1,786 MW Transfer Limit from Area A to Area B
with a 1,000 MW Base Scheduled Transfer from
Area C to Area B, and Line A-B #1 Out of Service

Figure E6-D
Area A to Area B Transfer Capability
with a Special Protection System

2,116 MW Transfer Limit from Area A to Area B
with a 1,000 MW Base Scheduled Transfer from
Area C to Area B, and an SPS installed

NERC

EXAMPLES OF TRANSMISSION TRANSFER CAPABILITY

If it were feasible to apply and install an SPS on the interconnected systems network in
Example 6, it might be possible to increase the level of transfer capability. on the network. For
example, if an SPS were installed to prevent, under the outage of either line A-B #1 or A-B #2, the
interrupted power flow on either line A-B #1 or line A-B #2 from immediately shifting to the
other remaining A-B line, the transfer capability from Area A to Area B could be increased until
lines A-B #1 and A-B #2 each reached their normal thermal rating (assumed to be 950 MW) or
some other single contingency in the network resulted in another transmission facility reaching
its emergency thermal rating.

To eliminate the potential overload on the limiting transmission line A-B #1 or line
A-B #2, the SPS would need to be designed to readjust system conditions immediately following
the outage of line A-B #1 or line A-B #2 so that the remaining A-B transmission line does not
exceed its 1,100 MW emergency thermal rating,

If such an SPS could be appropriately applied to the example network, the transfer
capability from Area A to Area B could be increased by 330 MW from 1,786 MW to 2,116 MW,
with the 1,000 MW scheduled transfer from Area C to Area B in effect. The loadings on the
transmission paths for this maximum 2,116 MW transfer from Area A to Area B are shown on
Figure E6-D. Lines A-B #1 and A-B #2 would increase to 885 MW each from the 786 MW level
shown in Figure E6-B.

Under the increased transfer conditions, the outage of either transmission line B-C #1
or B-C #2, with a loading of 673 MW each, would result in an immediate shift in flow of 215
MW (32% of 673 MW) to lines A-B #1 and A-B #2, respectively. For this critical outage condi-
tion, transmission lines A~-B #1 and A-B #2 would each be loaded to 1,100 MW (885 MW plus
215 MW), their emergency thermal rating, as shown in Figure E6-E.

Under the conditions of Figure E6-D, the outage of either transmission line A-B #1 or
A-B #2 would result in an immediate shift in flow of 354 MW (40% of 885 MW) to the remain-
ing A-B transmission line. For this critical outage condition, the remaining A-B line will be
loaded to 1,239 MW (885 MW plus 354 MW), or 139 MW above its emergency thermal rating.
However, an SPS has been assumed to have been installed for the outage of either transmission
line A-B #1 or A-B #2. The SPS is designed such that under these transfer conditions and with
the outage of either line A-B #1 or A-B #2, 330 MW of generation in Area A would be automati-
cally tripped (or removed from service) and 330 MW of pumping load in Area B would be
simultaneously removed from service. These SPS control actions will bring the network back to
its transfer limit of 1,786 MW from Area A to Area B, and will reduce the loading on the remain-
ing A-B transmission line to its 1,100 MW emergency thermal rating. All other facilities will also
be within their respective emergency thermal ratings. The resulting loadings on the transmis-
sion paths when the SPS has been activated are shown in Figure E6-C.

Reporting of Transfer Capability

The transfer capability results of Example 6 may be reported on an area interchange
basis or a transmission path basis as follows.

a) “Area Interchange” Basis .
In the Eastern Interconnection, for the base conditions assumed and with a
special protection system in effect, the Area A to Area B transfer capability would
be reported either as a First Contingency Incremental Transfer Capability (FCITC)

TRANSMISSION TRANSFER CAPABILITY
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Figure E6-E
Area A to Area B Transfer Capability

with a Special Protection System and
Under the Critical Contingency

2,116 MW Transfer Limit from Area A to Area B,
with a 1,000 MW Base Scheduled Transfer from
Area C to Area B, and Line B-C #1 Out of Service

NERC M
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b)

©)

of 2,116 MW or a First Contingency Total Transfer Capability (FCTTC) of 2,116
MW. Use of the SPS would be noted in the reporting of these transfer capabilities.

“Transmission Path” Basis

In the Western Interconnection, only the total transfer capability (FCTTC)

results of Example 6 would be reported but with a focus toward specific
transmission path capabilities. The FCITC concept is not used in the Western
Interconnection. Under the limiting transfer conditions of 2,116 MW from Area
A to Area B and with all facilities in service, transmission path A-B has a loading
of 1,770 MW (Figure E6-D). For this operating condition, a higher transfer from
Area A to Area B on path A-B cannot be achieved because the single contingency
outage of either transmission line B-C #1 or B-C #2 would cause lines A-B #1
and A-B #2 to exceed their respective emergency thermal ratings. Therefore, the .
1,770 MW loading on path A-B becomes the path A-B total capability, which is
reported as the FCTTC for path A-B. Again, use of the SPS would be noted in the
reporting of these transfer capabilities.

The corresponding FCTTC of path C-B would be 1,346 MW. However, the
appropriate coordination arrangements must be made with Area C for the 1,346
MW transfer to be made from Area A to Area B over paths A-C and C-B. If these
arrangements are made, then Area A could transfer 2,116 MW to Area B.

For the transfer levels simulated in this example, transmission path A-C is not
loaded to its total transfer capability. Therefore, an FCTTC for this path is not
reported.

Interpretation of Results

Example 6 demonstrates the use of an SPS to increase the transmission transfer
capability from Area A to Area B. On an area interchange basis, the SPS increases
the transmission transfer capability from Area A to Area B by 330 MW (from
1,786 MW to 2,116 MW). It also increases the A-B transmission path total
transfer capability by 198 MW (from 1,572 MW to 1,770 MW).

SPSs are highly sophisticated and complex schemes that depend on multiple
data inputs, good communication channels, and reliable equipment. Their
applications are limited and electric system specific. Operators must be alert to
the conditions that create the need for SPSs, the consequences of SPS misopera-
tion, and the established criteria and guidelines under which SPSs were
designed and are to be operated.
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Control Area | Anarea comprised of an electric system or systems, bounded by interconnection metering and
telemetry, capable of controlling its generation to maintain its interchange schedule with other
control areas, and contributing to frequency regulation of the Interconnection. A control area
must be able to:

» Directly control its generation to continuously balance its actual interchange and
scheduled interchange, and

* Help the entire Interconnection regulate and stabilize the Interconnection’s
alternating current frequency. .

Demand-Side | The term for all activities or programs undertaken by an electric system or its customers to
Man agement influence the amount and timing of electricity use.

¢ indirect Demand-Side Management — Programs such as conservation,
improvements in efficiency of electrical energy use, rate incentives, rebates, and
other similar activities to influence or indirectly control electricity use.

¢ Direct Control Load Management — The magnitude of customer demand
that can be interrupted by direct control of the system operator by interruption of
the electric supply to individual appliances or equipment on customer premises.
This type of control, when used by utilities, usually involves residential customers.
Direct Control Load Management as defined here does not include Interruptible
Demand.

* Interruptible Demand — The magnitude of customer demand that, in accor-
dance with contractual arrangements, can be interrupted by direct control of the
system operator or by action of the customer at the direct request of the system
operator. In some instances, the demand reduction may be initiated by the direct
action of the system operator (remote tripping) with or without notice to the
customer in accordance with contractual provisions. Interruptible Demand as
defined here does not include Direct Control Load Management.

Distribution Factors | Measures of the electrical effects of an electric power transfer on system facilities or an outage
(or removal from service) of a system facility or element on the remaining system facilities.

*Line Outage Distribution Factor (LODF) — A measure of the redistribution
of electric power on remaining system facilities caused by an outage (or removal
from service) of another system facility, expressed in percent (up to 100%) of the
pre-contingency electrical loading on the outaged facility.

* Power Transfer Distribution Factor (PTDF) — A measure of the responsive-
ness or change in electrical loadings on system facilities due to a change in electric
power transfer from one area to another, expressed in percent (up to 100%) of the
change in power transfer. The PTDF applies only for the pre-contingency configura-
tion of the systems under study:

* Outage Transfer Distribution Factor (OTDF) — The electric power transfer
distribution factor (PTDF) with a specific system facility removed from service (out-
aged). The OTDF applies only for the post-contingency configuration of the systems
under study.

NERC TRANSMISSION TRANSFER CAPABILITY
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*Distribution (or Response) Factor Cutoff — The suggested minimum
level or magnitude of the line outage distribution factor (LODF), the power
transfer distribution factor (PTDF), or the facility outage transfer distribution factor
(OTDF) considered significant and used in transfer capability calculations or other
system analyses. LODFs, PTDFs, or OTDFs below 2-3% generally should not be
considered in determining transfer capabilities. The suggested distribution (or
response) factor cutoffs should not be universally applied without good engineer-
ing judgment. Any critical facility with a distribution (or response) factor below
the cutoff should still be closely monitored in the analyses to ensure its limits are
not exceeded and that system reliability will be maintained.

The generation, transmission, distribution, and other facilities operated as an electric utility or
a portion thereof.

The operational limits of an electric system facility or element under a set of specified conditions.

* Normal Rating — The rating as defined by the facility owner that specifies the
level of electrical loading (generally expressed in megawatts or other appropriate
units) that a facility can support or withstand through the daily demand cycles with-
out loss of equipment life of the facility or equipment involved.

* Emergency Rating — The rating as defined by the facility owner that specifies
the level of electrical loading (generally expressed in megawatts or other appropri-
ate units) that a facility can support or withstand for a period of time sufficient for
the adjustment of transfer schedules or generation dispatch in an orderly manner
with acceptable loss of equipment life, or other physical or safety limitations, of the
facility or equipment involved. This rating is not a continuous rating.

An unplanned facility failure or other system condition that requires that the failed facility (or
portion of the system) be disconnected or removed from service to maintain the operational
integrity of the remaining electrical system facilities and to limit damage to the failed facility.

Operational term for electric power that flows from one control area to another. “Inter-
change” is synonymous with “transfer.”

¢ Actual Interchange — Metered electric power that flows from one control area
to another.

* Scheduled Interchange — Electric power scheduled to flow between control
areas, usually the net of all sales, purchases, and wheeling transactions between
those areas at a given time.

¢ Inadvertent Interchange — The difference between a control area’s actual
interchange and scheduled interchange.
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When capitalized (Interconnection), any one of the four major interconnected areas of NERC,
which are comprised of one or more of the electric systems in the United States and Canada:
the Eastern Interconnection, the Western Interconnection, the Quebec Interconnection, and the
ERCOT Interconnection. When not capitalized (interconnection), the facilities that connect two
electric systems or control areas.

The planned removal of an electrical facility from setvice to perform work on that facility so it
can continue to adequately perform its system function.

Facility for generating electricity that is not exclusively owned by an electric utility and which
operates connected to an electric utility system.

A set of policies, practices, or system adjustments that may be automatically implemented, or
manually implemented by the system operator within a specified time frame, to maintain the
operational integrity of the interconnected electric systems. These actions or system adjust-
ments maybe implemented in anticipation of or following a system contingency (facility outage)
or system disturbance, and include, among others, opening or closing switches (or circuit break-
ers) to change the system configuration, the redispatch of generation, and the implementation of
Direct Control Load Management or Interruptible Demand programs.

¢ Automatic Operating Systems — Special protection systems (or remedial
action schemes) or other operating systems installed on the electric systems that
require no intervention on the part of system operators for their operation.

*Normal (Pre-Contingency) Operating Procedures — Operating procedures
that are normally invoked by the system operator to alleviate potential facility over-
loads or other potential system problems in anticipation of a contingency.

¢ Post-Contingency Operating Procedures — Operating procedures that are
invoked by the system operator to mitigate or alleviate system problems after a
contingency has occurred.

The flow of electric power on an electric system’s transmission facilities resulting from sched-
uled electric power transfers between two other electric systems.

The peak hour integrated demand that includes the demands of all customers that a system
serves, the peak demands of the organization providing the electric service, plus the losses
incidental to that service. Internal Demand is also the sum of the metered (net) outputs of all
generators within the system and the metered interconnection line flows into the system, less
the metered interconnection line flows out of the system. The demand of station services or
auxiliary needs (such as fan motors, pump motors, and other equipment essential to the
operation of generating units) is not included.
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Internal Demand represents actual customer demand and, therefore, is net of (reduced by)
utility indirect demand-side management (DSM) programs. In contrast, Internal Demand is
generally not reduced by direct control DSM programs such as Direct Control Load Manage-
ment or Interruptible Demand. However, the representation of direct control DSM programs
depends on specific contract terms and the practices of the individual electric systems
employing these types of programs.

The portion of electricity that establishes and sustains the electric and magnetic fields of
alternating current equipment. Reactive power must be supplied to most types of magnetic
equipment, such as motors and transformers. It also must supply the reactive losses on
transmission facilities. Reactive power is provided by generators, synchronous condensers,
or electrostatic equipment, such as capacitors, and directly influences electric system voltage.

Electric system reliability can be addressed by considering two basic and functional aspects of
the electric system — adequacy and security.

* Adequacy — The ability of the electric system to supply the aggregate electrical
demand and energy requirements of the customers at all times, taking into account
scheduled and unscheduled outages of system facilities.

* Security — The ability of the electric system to withstand sudden disturbances
such as electric short circuits or unanticipated loss of system facilities.

The sudden, unexpected failure or outage of a system facility or element (generating unit,
transmission line, transformer, etc.).

Fast-acting, automated relay configurations designed to perform system protection functions
other than the isolation of electrical faults. These systems may be used to increase transmission
transfer capability under specified conditions. They may also be used to permit higher loading
levels on the interconnected transmission systems in those instances where additional facilities
cannot be built or have been delayed. Their application is system specific.

The planning and operating reliability criteria or guides that are used in determining the amount
of electric power that can be reliably transferred.

Any generating unit, transmission line, transformer, or other piece of electrical equipment
comprising an electric system.
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The measure of the ability of interconnected electric systems to reliably move or transfer
electric power (generally measured in megawatts) from one area to another area by way of

all transmission lines (or paths) between those areas under specified system conditions. In this
context, area refers to the configuration of generating stations, switching stations, substations,
and connecting transmission lines that may define an individual electric system, power pool,
control area, subregion, or Region, or a portion thereof.

* First Contingency Incremental Transfer Capability (FCITC) — The
amount of electric powet, incremental above normal base power transfers, that
can be transferred over the interconnected transmission systems in a reliable
manner based on all of the following conditions:

1. For the existing or planned system configuration, and with normal (pre-contin-
gency) operating procedures in effect, all facility loadings are within normal
ratings and all voltages are within normal limits,

2. The electric systems are capable of absorbing the dynamic power swings, and
remaining stable, following a disturbance that results in the loss of any single
electric system element, such as a transmission line, transformer, or generating
unit, and

3. After the dynamic power swings subside following a disturbance that results in
the loss of any single electric system element as described in 2 above, and after
the operation of any automatic operating systems, but before any post-contin-
gency operatornitiated system adjustments are implemented, all transmission
facility loadings are within emergency ratings and all voltages are within
emergency limits.

¢ Normali incremental Transfer Capability (NITC) — The amount of electric
power, incremental above normal base power transfers, that can be transferred
between two areas of the interconnected transmission systems under conditions
where pre-contingency loadings reach the normal thermal rating of a facility prior
to any first contingency transfer limits being reached. When this occurs, NITC
replaces FCITC as the most limiting transfer capability.

* First Contingency Total Transfer Capability (FCTTC) — The total amount
of electric power (net of normal base power transfers plus first contingency
incremental transfers) that can be transferred between two areas of the intercon-
nected transmission systems in a reliable manner based on conditions 1, 2,and 3
in the FCITC definition above.

¢ Simultaneous Transfer Capability — The amount of electric power that can
be reliably transferred between two or more areas of the interconnected electric
systems as a function of one or more other electric power transfers concurrently
in effect.

* Non-Simultaneous Transfer Capability — The amount of electric power

that can be reliably transferred between two areas of the interconnected electric
systems when other concurrent normal base power transfers are held constant.
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* Economy Transfers — Electric power that is scheduled and reliably trans-
ferred between two areas or entities in the short term, or on the spot market,
to take advantage of the disparity in the cost of electric power between the
entities, thereby reducing operating costs and providing mutual benefit.

* Emergency Transfers — Electric power that is scheduled and reliably trans-
ferred from an area with sufficient generating capacity margin to an area that
has a temporary deficiency of generating capacity or other deficit system
condition.

* Scheduled Transfers — Electric power that is scheduled, by or through
control areas, to be reliably transferred between buying and selling areas
or entities.

* Normal Base Power Transfers — Electric power transfers that are consid-
ered by the electric systems to be representative of the base system conditions
being analyzed, and which are agreed upon by the parties involved. Other
transfers, such as emergency or economy transfers, are usually excluded.

An electrical connection, link, or line consisting of one or more parallel transmission
elements between two areas of the interconnected electric systems, or portions thereof.

A network of transmission lines and the switching stations and substations to which the
lines are connected.

Any electric utility (e.g., investor-owned, cooperative, municipal or state agency), qualifying
cogeneration facility, qualifying small power production facility, or federal power marketing
agency that owns or operates electric power transmission facilities which are used for the
sale of electric energy at wholesale.

The voltages within which the interconnected electric systems are to be operated.

* Normal Voltage Limits — The operating voltage range on the interconnect-
ed systems, above or below nominal voltage and generally expressed in kilovolts,
that is acceptable on a sustained basis.

* Emergency Voltage Limits — The operating voltage range on the intercon-
nected systems, above or below nominal voltage and generally expressed in kilo-
volts, that is acceptable for the time sufficient for system adjustments to be
made following a facility outage or system disturbance.
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ECAR

East Central Area Reliability Coordination Agreement
ERCOT

Electric Reliability Council of Texas
MAAC

Mid-Atlantic Area Council

MAIN

Mid-America Interconnected Network
MAPP

Mid-Continent Area Power Pool
NPCC

Northeast Power Coordinating Council

SERC
Southeastern Electric Reliability Council

SPP
Southwest Power Pool

wWsCC

Western Systems Coordinating Council

AFFILIATE

ASCC
Alaska Systems Coordinating Council
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