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. - • • Encl os,ure 2 

November 28, 1995 

Bulk Power System Reliability Concepts 

CAPACITY 

* 
* 
* 
* 
* 
* 
* 

Owned Capacity 
Purchased Capacity 
Unavailable Capacity (Maintenance Outages, Forced Outages, Inoperable Capacity) 
Net vs. Gross Capability 
Limitations (Air, Water, Equipment, Energy) 
Facilities "at Risk" (Tube Leaks, Vibrations, etc.) 
Reserved Capacity 

DEMAND 

* 
* 
* 
* 
* 
* 
* 
* 
* 

Estimated Seasonal Peak (50/50) 
Estimated Weekly Peak 
Estimated Peak for the Day (Weather Forecast, Recent Experience, Past Load Profiles) 
Load Forecast Uncertainty (Economy, Weather, Random) 
Weather Effects (Temperature, Lake Effect,. etc.) 
Day-to-Day Variability 
Interruptible Load/Demand-Side Management (Direct, Indirect) 
Public Appeal 
Load Shedding/Load Conservation 

RELIABILITY 

* 
* 
* 

Security (Dynamic Stability, Cascade Trippmg, Voltage Stability) 
Adequacy (Generation, Transmission) 
Reserve Margin (Planned, Operating, Spinning, Regulating Margin) 

OUTSIDE ASSISTANCE 

* 
* 
* 
* 
* 

Availability (Load/Capacity Situation of Other Utilities) 
Transfer Capability (NITC/FCITC/FCTTC, Simultaneous/N onsim ultaneous) 
Available Transfer Capability 
Firm/Short-Tenn/General Purpose/EconomyiBmDlerrge:ncy Power & Energy 
Firm/Non-Firm Transmission Service 

CONTROL AREA 

* 
* 
* 
* 
* 

Metering & Telemetry 
Net Export 
Frequency Response 
Tie Line Bias Control 
Inadvertent Energy 

H. Terhune 11/28/95 D:\wpdata\nrcl195.htl 
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CONTROL AREA 
CONCEPTS AND 
OBLIGATIONS 

JULY 1992 

. . 
.. ·-~ ....... 

' "All systems share the benefits of interconnected systems operation 
and, by their voluntary association in NERC; they recog~ze the. need 
and accept the responsibility to operate in a manner thai 'Will enhance .. 
interconnected operation and not· burden other interconnected···--··:--, 0-~~..-. systems." ·· · .. :·: ;· · · .- ·· :~::..,··.- · · ._, .. , ' ·· · · .... , 
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Excerpt from NERC Reliability Criteria 

for Interconnected Systems Operatl~it 
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Interconnections 

Interconnection Control -
Role of the Control Areas 

-· 

• '~· 

INIRODUCIION 

This reference document is intended to introduce the control area 
concept. It explains the purpose of the control area and its basic 
obligations. The details of how a control area carries out these obliga­
tions are in the "Reliability Criteria for Interconnected Systems Opera­
tion" and the "Operating Guides." Both are in the NERC Operating 
Manual. Although NERC is a voluntary organization, conformance to 
the Criteria and Guides cannot be optional if the Interconnections are 
to operate successfully. Furthermore, the Regional Council, Subre­
gion, pool, or coordinating group that the control area is part of will 
most likely have more rigorous criteria and guides to follow. 

The electric systems in the United States and Canada comprise four 
Interconnections (Figure 1): 

Eastern Interconnection - the largest Interconnection. It covers an 
area from Nova Scotia to Florida and from eastern New Mexico to 
Saskatchewan. 

Western Interconnection - second largest, extending from Alberta and 
British Columbia in the north to Baja California, Arizona, and New 
Mexico in the south. It has several direct-current connections to the 
Eastern Interconnection. 

ERCOT Interconnection - includes most of the electric systems in 
Texas. It has a direct-current connection to the Eastern Interconnec­
tion. 

Quebec Interconnection - operated as a separate Interconnection for 
physical reasons. It has direct-current connections to the Eastern 
Interconnection. 

For each of the Interconnections to operate safely and reliably and 
provide dependable electric service to its customers, it must be con-
. tinuously monitored and controlled. This monitoring and control 

function is distributed among the control areas 
that comprise the Interconnection. The Eastern 
Interconnection has 109 control areas, the 
Western has 33, and ERCOT 10 for a total of 
152. The Quebec Interconnection operates as a 
single system . 

. ~- '. - '_.~-; ~.\ 

-~ "! . . ' . • .• · ··;; - . . •. ~ ... 

Figure I - .11ze Interconnections in Nonh America . ~~ ',.:, -.. 
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CONTROL AREA CONCEPTS AND OBLIGATIONS 



Balancing Actual and 
Scheduled Interchange 

• • 
OVERVIEW OF CON1ROL AREA OBLIGATIONS 

In the strictest terms: 

A control area is an electrical system bounded by interconnection {tie 
line) metering and telemetry. It controls its generation directly to 
maintain its interchange schedule with other control areas and contrib­
utes to frequency regulation of the Interconnection. 

This means that a control area is an electric system that meets the 
following two requirements. It can: 

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

• Help the entire Interconnection regulate and stabilize the Inter­
connection's alternating-current frequency. 

A control area is connected to other control areas with tie lines. The 
control areas on either end of a tie both know how much energy is 
flowing from one to the other because they meter the tie at a common ' 
point. (See Figure 2.) By adding the tie line meter readings (with · 
energy flowing out as positive and flowing in as n.egative), the control. 
area can calculate its net actual interchange with the rest of the Inter­
connection. A control area controls its actual interchange and contrib­
utes to Interconnection frequency regulation by adjusting its generation 
through its automatic generation control system. or AGC. 

A control area's scheduled interchange is the 
sum of all the interchange schedules the 
control area has with all other control areas. 
This sum is the control area's net scheduled 
interchange with the rest of the Interconnec­
tion. The control area is obligated to con­
trol its generation to attempt to match its net 
actual interchange to its net scheduled inter­
change. 1 The Interconnection supplies or . 
absorbs the difference between the actual 
and scheduled interchange. This difference 
is called inadvenent interchange. 

Figure 2 - Control area metering 

1 It is impossible ro control generation so precisely ro keep these two exactly equal. A control area is obligated ro keep 
the difference between its actual and scheduled interchange wirhin limit.s that NERC specifics in itJ Control Performance 
Criteria. 

CONTROL AREA CONCEPTS ANO OBLIGATIONS NERC:: .... 



Regulating 
and Stabilizing 

. Interconnection 
Frequency 

Tie-Line 
Bias Control 

.. - NERC 

• • .. 
OVERVIEW OF CONIROL ARPA OBLIGATIONS 

A control Mea's second obligation is contributing to Intercon­
nection frequency regulation. The frequency throughout an 
Interconnection is essentially the same. Frequency regulation is 
handled by the control areas' AGC systems that measure Intercon­
nection freqµency and adjust generation to change actual frequency to 
match scheduled frequency (usually 60 Hz). 

Control areas also contribute to stabilizing Interconnection frequency 
through mm generator governors, which measure Interconnection 
frequency hy- measuring the speed of the generators' turbine shaft. 
The governors respond to frequency deviations by opening steam or 
water valves: when frequency declines to increase the control areas' 
generation. The opposite happens when frequency increases. · 

Tie-line bias control in a control area's AGC system allows the control 
area to control its generation to match its net actual interchange to its 
net schedu1.ed interchange, contribute to frequency regulation, and 
allow genc:zator governors to adjust generation to respond to large 
frequency ieviations. 

--------··-. 
·...: ·<.-~··;·:· ·""~ ,t:;~·;~·..,.:,. ; .. ~ ~-1.r·::--:··. 
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Recognition as 
Control Area 

Compliance Wrth 
Operating Criteria 
and Guides 

R~potiing 

• • 
REQUIREMENTS 

To be recognized as a NERC control area, a system must be re­
viewed and confirmed by the Region and NERC Performance Sub­
committee representative that the system meets the following basic 
requirements: 

• Operates generation. 

• Has metered connections (ties) with other control areas and the 
necessary contracts to use those connections. 

• Has the ability to control generation an~ match its net actual inter­
change to its net scheduled interchange. 

• Has generator governors that are allowed to respond properly to 
Interconnection frequency changes. 

• Uses tie-line bias control (unless doing so would be adverse to its 
or the Interconnection's reliability). 

• Has a control center with 24-hour-per-day staffing. 

A control area is obligated to adhere to all NERC Reliabil-
ity Criteria and Operating Guide Requirements and to follow, where 
applicable, all NERC Operating Guide Recommendations. (See 
Appendix 1, Summary of Operating Criteria and Guides.) 

When a control area determines that an Operating Criterion or Guide 
does not apply to its circumstances, it may ask the NERC Operating 
Committee for a waiver. The control area must show that waiving the 
Criterion or Guide will not burden other control areas in the Intercon­
nection. 

Regional Councils, power pools, or other associations also may 
impose their own criteria and guides. 

Inadvertent Interchange Accounting - Each control area shall manage 
inadvenent interchange in accordance with NERC Operating Guide 
l.F. - Inadvenent Interchange Management. Monthly summaries are 
required as detailed in Appendix l.F. - Inadvenent Interchange 
Energy Accounting Practices. The NERC Operating Manual contains 
more information on inadvenent accounting and reponing in the 
Jnadvenent Accounting Training Document. 

- "~-·if 
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REQUIREMENTS. 

Control Performance Surveys - Each control area shall respond to 
requests for Control Performance Criteria (CPC) Surveys. CPC 
Surveys are required to demonstrate that each control area is able to 
continuously balance its actual to its scheduled interchange. Proce­
dures and forms are in the Control Performance Criteria Training 
Document in the NERC Operating Manual. 

Area Interchange E"or Surveys - Each control area is required to 
continually balance its actual to its scheduled interchange, plus contrib­
ute to Interconnection frequency regulation. The control area's Area 
Interchange Error (AIE) is zero as long as this balance is maintained. 
When a control area fails to maintain this balance, it causes the Inter­
connection frequency to increase or decrease. An AIE Survey is a 
means of determining which control areas are contributing to an 
Im:erconnection imbalance. Procedures and forms are in the Area 
Interchange Error Survey Training Document in the NERC Operating 
Manual. 

Frequency Response Ozaracteristic Surveys - Each control area will 
respond to a frequency change through: 

• Instantaneous· demands, which change proportionally to frequency 
changes, and 

• Generation, which changes inversely to frequency changes through 
governor control. 

Surveys are usually requested when a significant frequency deviation 
occurs to determine the frequency response characteristic of each 
control area. Procedures and forms are in the Frequency Response 
Characteristic Survey Training Document in the NERC Operating 
Manual. 

Frequency Bias Settings - Frequency bias is a value, in MW/0.1 Hz, 
set into a control area's AGC equipment to represent the control area's 
response to frequency deviations. Frequency bias setting data are 
requested annually. Procedures and forms are in the Control Perfor-

. mance section of the NERC Operating Manual . 

.Allowable limit of .Average Deviation Surveys (Lj - Ld is the compli­
ance limit for the A2 criterion described in the Control Performance 
Criteria Training Document. Ld surveys are made annually . 
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Generation 

Transmission 

.. 
Communications 

• 
APPENDIX 1 
SUMMARY OF OPERATING CRITERIA & GUIDES 

This is an excerpt from NERC's Reliability Criteria for Interconnected 
Systems Operation and the Operating Guides. 

A control area is obligated to provide adequate: 

a. generating capability to meet its area instantaneous demand, sched­
uled interchanges, operating reserve, and reactive requirements. 

b. generating capability with automatic governor response to meet its 
frequency response obligations to assist the Interconnection in 
frequency control at all times. 

c. generating capability under automatic generation control (AGC) to 
maintain its scheduled net interchange and support Interconnection 
scheduled frequency. 

d. reactive reserve resources to maintain its area within acceptable 
voltage limits during normal and credible contingency conditions. . . 

A control area is obligated to provide adequate transmission facilities 
to ensure that it will not cause any other control area to violate its 
operating reliability criteria. It shall have in service: 

a. adequate and sufficient transmission tie lines and associated termi­
nal •pment to receive or deliver power under normal and emer-
gency conditions. · 

b. devices to regulate transmission voltage and reactive flow to keep 
voluges. within allowable limits. 

c. reliable and adequate relaying to protect and permit maximum 
utilization of generation, transmission, and other system facilities. 
Wheme...,,er relaying affects adjacent systems, the relay applications 
-and semings. must be coordinated with the affected systems . 

A control area is obligated to provide adequate and reliable telecom­
munications facilities to assure the exchange of information nece~sary 
to maintain Interconnection reliability. Dedicated communications 
channels must be provided between all adjacent interconnected control 
areas, to pool or Regional control centers, and to other control centers 
as required. 

~--.';"'·T-l5"i: 
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•. APPENDIX 1 • , . STJMMARY OF OPERATING CRrrERIA & GUIDF.S 

A control area is obligated to: 

a. carefully select and train its system operating personnel. The 
operation of increasingly sophisticated control centers, which is 
supponed by control equipment, instrumentation, and data presenta­
tion systems, and the closer integration of power systems through 
stronger interconnections, require highly-skilled and extensively­
trained personnel. Proper action during a system emergency as 
well as minute-to-minute operation depends upon prompt, correct 
human performance. 

b. empower system operators with sufficient authority to take any 
action necessary to assure that the system or control area for which 
the operator is responsible is operated in a stable. accurate, and 
reliable manner. Each control area shall provide its operators with 
a clear definition of their responsibilities and authority. Each 
control area shall make other system personnel aware of the au-
thority of the system operators. · 

c. select system operators with skills that include directing other 
personnel and contributing to a positive working environment. 
Ability to perform under pressure in high-stress situations is of 
utmost imponance. In addition, system operators should possess 
aptitude for logical problem solving, strong reasoning, and me­
chanical, electrical, mathematical analysis, communication, super­
visory, and decision-making skills. Successful performance in 
lower-level positions is desirable. 

d. provide each system operator with guidelines for solving rroblems 
that can be caused by realistic contingencies and known faciii:v 
limitations. They shall be thoroughly indoctrinated in the r.:.s~: 

. principles and procedures of interconnected systems operation . 

. e. implement a training program for its operating personnel. This 
should include both classroom and on-the-job training. Emergen­
cies should periodically be simulated using a simulation training 
program when possible. 

CONTROL AREA· CONCEPTS .AND OBLIGATIONS 
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Equipment 
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• APPENDIX 1 

SUM:MARY OF OPERATING CRrrERIA & GUIDES 

Each 1control area is obligated to have: 

a. comtrol equipment designed and operated so it can continuously and 
accurately meet its own system and Interconnection control obliga­
tiom :and measure its performance. The control equipment design 
and ·-Qperation shall follow accepted industry techniques. 

b. all «mntrol area interconnection (tie) points equipped to telemeter 
MW jpower flow to both area control centers simultaneously. The 
teleimetering shall be from an agreed-upon terminal utilizing com­
mO!lll metering equipment. 

c. dispbys and consoles that present the system operator with a clear 
and limderstandable picture of the control area parameters. This 
includes necessary information from facilities in other control areas 
in addition to internal information. 

CONTROL AREA CONCEP.TS AND OBLIGATIONS: 
··r .,. I 
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Required Data 
Records 

Recording Chart 
Speed and Width 

Digital Collection 

Range for ACE 
Chart Recorder 

--
Range for Net Tie 
Deviation Recorder 
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• APPENDIX2 • MINIMuM DATA COll.ECIION REQUIREMENTS 

The minimum requirements for control center records (either chart 
recorders or digital data) used for monitoring NERC Control Perfor­
mance Criteria are provided here as a guide for control areas to estab­
lish uniform data recording and monitoring throughout each Intercon­
nection. 

The following data may be recorded either digitally or with a chart 
recorder or both. The preferred method is to provide dispatch person­
nel with a visible chart recorder while at the same time storing the 
data digitally for off-line analysis and NERC criteria assessment: 

• Area Control Error (ACE) 
• System frequency 
• Net tie deviation from schedule 
• Net interchange (actual) 

To provide usable data for performance monitoring, the following 
chart width and speed is recommended: 

• Chart width: nominal 10" full-scale 
• Chart speed: 3" per hour 

As a general rule, digital data should be sampled at least at the same 
periodicity with which ACE is calculated. Missing or bad data should 
be flagged. Collected data should be coincident; i.e., ACE, system 
frequency, net interchange, and other data should all be saved at the 
same time. The format for digital storage should be a standard such 
as ASCII for compatibility and portability to other entities. 

_The range for the ACE recorder should provide the best resolution for 
normal operating conditions. Typically, the recorder should use 
between 1/3 and 2/3 of the chart width during normal operation. 

Net tie deviation is the actual net interchange minus scheduled net 
interchange. The purpose of monitoring net tie deviation is to 
provide a measurable interchange response in MW for frequency 
excursions. This will enable the control areas to more accurately 
calculate the frequency bias values and comply with NERC frequency 
response surveys. 

The recommended range for net tie deviation recorder data quantity is 
± 2 times the control area frequency bias. Even extreme frequency 
excursions are less than ± 0.1 Hz, therefore, ± 2 times the control 
area frequency bias should provide sufficient range and good resolu­
tion for external disturbances. 
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Measurement Accuracy 

-

• • 
APPENDIX2 
M1NIMuM DATA COILECTION REQUIREMENTS 

The following ranges shall cover full scale on the recorder: 

Interconnection Band Range 

Narrow 60 ± 0.25 Hz 
Eastern 

Wide 60 ± 3.00 Hz 

Narrow 60 ± 0.30 Hz 
Western 

Wide 60 ± 5.00 Hz 

Narrow 60 ± 0.50 Hz 
ER COT 

Wide 60 ± 5.00 Hz 

Frequency input to the chart recorder shall be an analog signal ob­
tained from a source independent from the control system computer~ 

The range for the net interchange recorder should provide the best 
resolution for all operating conditions. Some of the possible net 
interchange conditions that can occur are: 

• Operation at the maximum import/export limit. 
• Import due to loss of the largest generating unit. 
• Normal import/export net interchange. 

To get the best resolution for the various interchange conditions, the· 
recorder range should be variable. For example, if normal im­
port/export is ± 100 MW and maximum import/export is ±500 MW, 
then a recorder range that is variable in ± 100 MW increments is 
recommended. 

Control performance is affected by the accuracy of the measuring 
d~vices. The. recommended minimum values are: 

Device Accuracy Units 

Digital frequency transducer ±0.001 Hz 

MW, MVAR, and voltage transducer ±0.25 

Remote terminal unit ±0.25 % of 
full 

Potential transformer ±0.30 scale 

Current transformer ±0.50 

' 

' 
I 
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Chart Retention Time 
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.APPENDIX2 
MlNIMuM DATA COlLECilON REQUIREMENTS 

Each control area shall retain its ACE, frequency, net tie deviation, 
and net interchange data for at least one year. 

Digital information should be kept for at least one year based on the 
same scan rate at which data are collected. The control area should 
have the digital data necessary to create an equivalent analog chart. 

Utilities with both strip charts and digital data have the option of 
retaining either form. 
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The FnginceriDg Qxnmittcc of the North American Eledric Rdiability Council 
(NERC) established t.heTransmmion 1bnsfcr Capability'IUk Force to review and misc, as 
appropriate, NElC's 1'ftlns/er Capability -A Referena Document, published in 1980. 
This newly revised Drmsml.ssion 7nmsfer Capability report, approved by the P.ngineering 
Committee in NoRmbcr 1994 and aa:cptcd by the NERC Board of'Ihlstccs ·inJamwy 1995, 
is the result of that effort. 

This report cxpan& oo decttic system transmis.!ion tmJsfcr capability definitions 
and calculation and reporting practices. It should be a mdu1 n:fcrcncc document not only for 
dectric utilities but for the new, expanding audience of potcnmI tnmmiMion system users. 

NElC rccognizcs that strong and f1c:Dble dcdric tnmmisSon systems, apable of 
c:opiog with a wide~ of~ conditions, arc ncccsmr fix a reliable suppJ:y of dcctri­
city. To help ensure that the fntacooncdcd tnmmiWnn systems in the United States, Qmada, 
and the northern portion of Baja c.aJilbmia, Maia> condnuc to be plaDncd and operated in 
accordance with NElC aod Rcgioml Reliability Couodl (Regional CowldI) rdiability aitcria 
and guides, the NERC P.nginccring c.ommittce rcqucsred a review of scvm1 planning-n:latc 
NElC refcrcncc documents, including its 7trmsfer Capability -A Reference Document. 

Ecctric power transfers have a significant cffcct on the rdiability of the ~n­
nccted dccttic transmission systam, and must be eftluatcd in the contcct of the other func­
tions performed by these interconnected systems. In some areas, portions of the uarlsmission 
systems arc being loaded to their reliability limits as the uses of the ~ systems 
change~ to those for which they were planned, and as opposition to new trmsmiMion 
prevents facilities from being constructed as planned. F.fforts by all industry participants to · 
minimize costs will also continue to CDCOUl2gC, within safety and rdiability limits, maximum 
~inp on the msting trammission systems. 

During the past scvm1 yem, competition in wholesale clcctricity suppJ:y has been 
on the increase. lbc enactment of the U.S. f.ncrgy Policy Act of 1992 cstabliShed a new 
environment in the clcdric utility indumy in the United States to further spur a ~mpctitivc 
dccttic generation and wholesale clcctridty suppJ:y market. This legislation also encourages 
the further development of nonutility generators by CstablisbiDg a new daMificatioo -
cxcnipt wholc:salc generators - and rccognizcs that access to the nation's dccttic transmis­
sion systems will be CSKDtial to ensure competitive wholesale dcctticity supply. 

The new compctiti\.c environment will foster an increasing demand for transmis­
sion services. With this new focus on ~ and its ability to support competitive 
dccttic power tnnsfcrs, all users of the interconnected transmission systems - utilities as 
well as nonutilities - must understand the electrical limitations of the trmsmission systems 
and the capability of these systems to reliably support a wide variety of transfers. The future 
challenge will be to plan and opc121e transmission systems so as to provide desired electric 
power tran.sfcrs while maintaining overall system reliability. 

This report ~ trmmUs.Wn transfer capability from the pcrspcctiVe of the 
transmWion systcmS' physical charaaerisda and UmUariom. It pro"idc:s ~ tcchnial basis 
i>r disamioDs about ttmd:r capability. BKlqp-ouod ini>rmadoa oa industry pnctica relat­
ed to tramfcr capability is al5o pttscnred fnchvffng ddlnidom, CODCCpb. t«hnial Issues, 
and simuWion tcdmiqucs used to alculate and report tnnsmlssim rnmfer apabillty. · 
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This ~docs not addrcu isRlcs m trmsmi.Woo ownership, alloatioo of rn:J<~:­
sion capacity. or the a>sts woaarcd with proriding trammission services. It also docs not 
csrablisb guidelines for determining adequate or appropriate levcJs of transfer capability to 
support emergency and economy powa' tnnsfcrs or to emure rdW>le dectric service. These 
determinations arc syQcm spccitic and mu5t be evaluated by individual dectric: ~-

It is recommended that all users of the interconnected dectric: systems follow the 
approaches and industry pl2Ctices for calculating and reporting transfer capability described 
in this report. This report, however, docs not preclude Regional Councils (or their subregions 
or member systems), power pools, individual dectric: systcmS, or groups of systems from 
amplifying these practices or dcvcloping more detailed procedures for determining transfer 
capability applicable to the unique system c:hanctcristics of their respective areas. 

All users of the transmissiOn systems must also adhere to accepted planning and 
opmting aitcria and guides designed ro maintain electric system reliability u dcsaibcd in 
NERC's lblkles, Procedures, and Principles and Guides for Planning Reliable Bulk Electrlc 
Systems, its lblldes }Or Interconnected Systems Dperatton, and its operating Guides. 
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The purpose of this rq>Olt is to present a oomi.m1t set of ddioitioos and guidelines 
fi>r calculating and reporting the tnnmUsQon tramCcl' apability of intcrconncctcd dcdlic 
systam. Although the bac transfer capability cooccprs outlined in NERC's 1980T.ramfcr 
Capability report arc sd1l wlid, this rewiscd document includes additional darifiations and 
imights on tr:m.wis.Wn tramfcr capability calculadoos. It also disa5cs various concepts and 
technical ~ to aid in understanding the nature of transfer capability. A glomry of terms has 
been added, and new iswcs, such as dcmmd-sidc management and the extent to which opcrat· 
ing proccdurcs arc used in determining transfcr apabilitics, are addressed. This report docs 
not dc2l with the availability of gcnmtion equipment to pRNidc dcctric power for transf~ 
nor docs it ddincatc how to plan transmmion systems or the tr.anwiwon tacilitics that may 
be nccdcd to support the lcvds of dcctric power trmsCcrs dial may be desired. 

'Inmfer capability is the measure of the ability of .inrerconncctcd dccttic systems to 
ldiabl? move or transfer dccttic power from ooc area to anolhcr area by way of all ~on 
lines (or paths) between those arcu wider spcdficd system a>nditiom. The units of transfer 
capability arc in terms of dccttic ~ gcncr.illy aprcsKd in megawatts (MW). In this con­
text, area rdcrs to the configuration of generating st2tion.s, switching stations, substations, and 
connecting transmi.Won lines that may define an individual dectric system, power pool, control 
area, subregion, or Region, or a portion thettot: 

The amccpt of trammisSon transCCr capability may be aplaincd in terms of a 
simplified imcmJlmcctcd systems netwm mmpriscd of tbm:Arcas (or systems) -A, B, 
and C - iDtclamncctcd by transrnmion patbsA-B, A-C, and B-C,as shown in Figure 1. 

.. -~-; -. ..... . ~r- .. .... 
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Figure 1 
SlmpDfted Interconnected 

Systems Network 
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'· F.achArea rcprcscnts a coofigumion of gcncrariDg stations, subswiom, and internally 

amncctcd transmisdon lines dw may define an iDdMdual dcctric system, power pool, oontrol 
area, subregion, or Region, or a portion thcrcot: The transmission paths or interconncclions 
fromArcaA to Area B, AreaA to Area C, andArea B to Area C may each rcprcscnt one or more 
ttammission lines. In this Clalllplc, two transmission lines comprise each transmis.9on padi. 

The determination of transfer capability fromAreaA to Arca Bis achieved using com­
puter simulations of the intcrconnccrcd systems nctworlt of Figure 1. To simulate an electric 
power~ ArcaA and Arca B generation (and/or dcctrical demand) is adjusted so as to 
crctie a.generation excess inArcaA and a generation deficiency in.Arca B, thereby automatically 
rcsukiDg in an dcctric powa- transfer fromArcaA to.Arca B. These ditrcrcntial adjustments in 
each.Area's generation level arc inacascd lDltil an equipment or system limit is reached, or a 
transfer test lcvcl is achieved, taking imo accolDlt the most aitical single contingency (e.g., 
gcncrnting unit, transformer, transmmion line, etc.) outage coodition. In those cases where an 
equipment or system limit is reached with all filcilltics in sc:rvice al a transfer level bdow that 
of the single contingency outage condition, then that lower transf'cr icvd ddincs the tramfcr 
apability limit. 

To determine the tmuifcr capability in the opposite direction, from Arca B to ArcaA, 
the pcration excess is created inArea Band the gcnmtion ddidcncy in Arca A As cmtomer 
demands and transmission and gcnmtion facilities il;IArcasA and B will rarely be symmetrical, 
and as the critical .facility outage condition will likely be different, the transfer capability in each 
direction, ArcaA to Arca B or Area B toArcaA, will also gcncrally be different, and must be 

dctamincd~ 

As the gencmion Icms in.AreasA and B me modified to in~ the dcaric power 
tr3DSfcr fromAn:aA to Arca B, the lOading lcvd on transmission pathA-B, as wdl as on all other 
interconnection and intcma1 transmis9on W:ilitics, will change but al different rates. These 
diffcrmt rates - called power transfer distribution &ctors - arc determined according to the 
physical laws of dcctrical nctworlts. Thm, all trmsmission paths will not simultaneously reach 
their capability limits at the same transfer~ H~ theArCaA to Area B transfer level al 

which a~ path, system voltage, or system stability limit is reached for a single &cility 
outage becomes the limiting tramfer capability levd for transfers from Area A to Area B. In the 
intcroonnectcd 5y5tcms, it is possible that the critical single contingency .facility outage and the 
associ3tcd timjdng &cility may not be in.Areas A or B, or al the intcmce (~n paths) 
bctwecnArcasA or B, but in another Aita (or Areas) altogethc::I; such as Area C. 

-

The apabilitics (or~) of the intcrcQIUlccting transmission lines, lincsA-B •I and 
A-B #2,bctwccnA.rcasA and B cannot be added to derive the transfer capability fromArcaA to 
Arca B or from Arca B to Arca A In addition, the sum of the non-simultaneous tnnsfcr capabili­
ties &om Area A to.Arca B and from Arca C to.Arca B docs not equal the total transfer capability 
to.Arca B. Simultaneous transfer capability calculations from Areas A and C to Area B arc 
required to determine that value. 

When transfer capabilities bctwccn areas or systems arc dctcrmincd, it.must be WKfcl'. 
stood that these capabilities correspond to a specific set of system cooditiom for the inracon­
neam systems network. 1be trmsfcr capabilities can be signi6andy different 1br any other set 

ol sy.KCm conditiom, such as a different cmtomcr demand lcvd, a difl'ermt network configura- · 
tion,or a different generation dispatch. Abo influcndng the levd m ttansCcr apability bctwun 
ArmA and B are any cJcctric power trmslcrs uodcr way between other neighboring systems. 
such u trmsfcrs fromArcaA to.Arca C or from Area B toAICI C. 
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Numerial cmnplcs of tramfcr capabilities among the iDtcrcoooecrcdAn:aA,B, m:l 
C of Figure 1 are included in.Appendix A. 1bcsc c:umplcs iDustnr.c the CX>DCCpt « iDcrcmcoW 
m:l total trmScr' ~ non-simultmcom and simultancom ttamfcr capabilities, associated 
terminologies, and reporting pmaia:s. 

In both the planning and opcr2tion of c1cctric systcais, tt2mfcr capability is one of 
several pcrformmce measures used to assess the reliability of the iDtcrconncctcd transmission 
systems, and b2S been used u such for many years. 

System planners use transf'cr capability u a measure or iDdic:ator of~ 
strength in ~ng intCR.'ODDCCtCd tnmmisSoa system pcrfi>rmmcc. It is often used to 
compare and evaluate altcmativc transmis&on system configuratiom. 

System opmtors use transfer capability to evaluate the real-time ability of the inter· 
connected t:ransmis&on systems to transfer dcaric power from one portion of the network 
to another or bctwccn·corurol areas. In the operation of interconnected systems, •transfer" 
is synonymous with •intcrcbangc.• 

Under the NF.RC operating Guides, in scheduling transfers or intcrchangcsbctwccn 
two control areas, system operators must limit c1cctric power transfers so as not to cXcccd the 
lesser of either the total capacity of the owned or arrangcdfor transmis&on facilities in service 
bctwccn the two conttol areas or the first a>n!ingcncy total tramfer capability bctwcCn the two 
control areas as dc:tc:rmincd at that point in time. Not acceding the transfer limit is essential.as 
clcctric systems must operate on the basis that the current system configuration can reliably 
witbstmd the next single contingency (W:ilitf outage). Exceeding that limit could subject the 
interconnected dc:ctric sysb:Im to fiu:ility ovcrloa&, voltage imt3billty, or system dynamic imta­
billty. Any of these situatiom could lead to casading facility outagc5 and widespread dcctridty 
supply disruptions, and cvm a system collapse or blackout, if transfer limits arc exceeded and a 
critical facility outage occurs. 

Rc:liable operation of the intcrconnc:ctcd dcctric systems requires dose coordination 
among the individual dcctric systems for monitoring, controlling, and scheduling inter-system or 
inter-area dc:ctric power transfers. The coordination of these mmf'ers is one concern that led 
the dc:ctric utilities to establish the Regional Reliability Councils and, subsequently in 1968, the 
North American E.c:ctric Reliability Council (NERC). Much of the 'WOrk regarding the dc:vclop­
mcnt, calculation, and reporting of transfer capability has been done by study groups under 
inter-Council and intra-Council agreements. 

The dccttic systems in the United States and Camda arc planned in conformance 
with NER.C's Policies, Procedures, and Principles and Guides pr Reliable Bulk EJearlc 
Systems and opcratc:d in compliance with NER.C's Eblldes pr Interconnected Systems ~ 
titm and its Operating Guides. These NERC policies for cJc:ctric: 5JSlCm .rdi2biJity provide the 
.framework ix the Rqiom1 Councils (Regiom), ~powu pools.or individual systems 
to devdop their own llKft deUilcd planning and opaadui aftcrfa or guides, iDdudin& those 
i>r trmsCer capabilily. that rdlca the <hasily « iDdhidual sysran dm2C.1c:ristics &cography, 
and~ . .· . t .· ... 
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The interconnected ~n systems arc the principal media for achieving·~­

electric supply. They tie together the major dcaric sysrcm facilidcs, gcnmtion rcsourccs, and 
customer demand centers. These systems must be planned, designed, and comtructed to oper­
ate rdiably within thermal, voltage, and 5lability limits while achieving their major purposes. 
These purposes arc to: 

:·;'!'"•. 

• Deliver Electrlc Power to Areas of Customer Demand - T1'21lSIDisSon 
systems provide for the integration of electric gcncmion raourccs and electric 
system facilities to ensure the reliable dctivcry of dCdric power to continuomly 
changing customer demands under a wide variety of sysrcm operating condidom. 

• Provide Rexlblllty for Changing System Conditions -Transmis.Wn 
c:apadty must be awilable on the intaconnccted tl"amlnis&on systems to provide 
flc:xibility to handle the shift in &dlity Joactings cwscd by the maintenance of gmcr­
adon and trammission equipment, the forced outages of such equipment, and a wide 
r.mgc of other system variable conditions, such u construction delays, higher than 
cxpcacd customer demands, and gcncrating unit fuel shortages. 

• Reduce lnstaDed Generating Capacity -Transmis.sion intcn:oMections with 
neighboring electric systems allow for the sharing of generating capacity_~ 
diversity in customer demands and gcncl2tOr availability. thereby reducing imest­
mcnt in generation &dlitics. 

• l.Jlow Economic Exchange of Electrlc Power Among Systems - .. _ .. -
'J)msmiscjon intcrcoonection bttwcw sysram, coupled with internal system ~- · ·. 
tnmmiscion &cilitics, aDow for tbr economic ac:bangc ol dcctric powJ among · 
ndgbboring systems wbCn temporary surpluses in gcncrmng capacity are availabk. 
Such coonomy tr.msfcrs help to reduce the cost of dcctric supply to customers. 
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First Contfngel!_CY 
Incremental Transfer 

Capability (FCITC) 
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Scvcn1 approaches are med in the dcctric utility industry to exp~ gtransfer 
capability9 values. F.ach of these approaches uses the same gcncra1 ddinitions and simulation 
techniques in the calculation of transfer capability lC'VCls. The differences lie in the statement 
of transfer capability results rather than .in the underlying principles. 

In 197 4, NERC established definitions that refer to transfer capability as incremental 
above normal base power transfers. Normal base uansf'crs usually refer to representative elec­
tric power transfers between systems that are modeled in power flow base case simulations. 
Therefore, inacmcntal transfer refers to the additioml amount of decaic: power, above the 
base lcvd, that the intcrcoMcctcd tn.nsmimon systemS can support or transfer while contin­
'Hing to mainUin electric system .reliability. This inacmcntll transfer approach provides an 
indication of the ability of the transmission systems to accommodate additional transfers after 
all normally scheduled transfers are considered, as wdl as an indication of the ability of these 
systems to cope with emcigcncy conditions. 

The NERC definitions have been widely med and are generally accepted throughout 
the industry. The basic philosophy supporting these definitions remains unchanged, but the 
additional clarifications ai1d 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 MFirst 
Contingency lnamlcntll Transfer c.apability (FOTC)• and •first Contingency Toti! Transfer 
Capability (Fl.ITC)." The FCITC approach rccognizcs the dfccts of all electric power trans-. 
fcrs, both normal base and inacmcmal, and rcprcscnts the total amount of electric power 
that can be tra.nsfcmd bctwccn two entities v.iiile continuing to maintain system reliability. 
For consistency, it is recommended that transfer capabilities determined according to the def 
initions of FOTC and FCITC be used in reponing 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 cooditions, the conditioos for which transfers arc rcpon­
cd should be so stated. 

FO'I'C is the amount of electric power, inacmcntal above normal base power uam­
fcrs, that can be tnnsfcrrcd over the interconnected transmission systcmS in a ~ nwmcr 
baKd on all of the following conditions: 

1. For the aisting or planned system configuration, and with normal (prc<ontin­
. gcncy) operating procedures in effect, all filcility loadings arc within normal 

ratings and all voltages are within normal limits, 

2. The electric systems arc capable of absorbing the dynamic power swings, and 
remaining stable, following a disturbance that results in the loss of any single elec­
tric system clcmcnt, such as a tr.lnSllWion line, tramfonncr, or gcnc:r2ting unit, and . . 

~· 3. After the dynamic power swings subside i>Uowlog a disturbaDcc that n:sults in 
the Joa ot•aiy .Sfugre dcdrk: ·sy.Cm clrmcor al daaibcd in 2 above, and after 
the opcndon Cl my~ opcndng sysrrms. but bcfQre any post<Olldn­
giCncf opmror.fnitiatcd System adjustmam ardmpJcmcrttcd. all t12D51Di!sioD 
!acility bcflnp arc within cmcrgcocy ntiop aDd all wbgcs are within 
~limita. j .. 

:".~. 
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With reference to condition I above, in the case where pre<ontingcncy &cility •;.,_ 
Joadings reach normal thermal ratings at a transfer level below that at which any first contin­
gency tnruifcr limits arc reached, the uansfer capability is defined as that tramfer level at 
which such normal ratings arc reached. Such a tnmfcr capability is referred to as a normal 
inacmcntal transfer capability (NITC). 

FCITC is the total 2111oum of dcctric power (net of normal base power transfers 
plus first contingency inacmcntal ttansf'crs) tha can be transferred between two areas of the 
interconnected transmission systems in a miabk manner based on conditions 1,2, and 3 in 
the FOI'C dctinition above. 

The dcctric system terms and definitions that arc key to understanding the above 
definitions of transmission transfer capability (FQ'TC and FCITC) iarc described below. These 
terms and rcJatcd dcctrical terms and their definitions arc also included in the uGlosmy of 
rcrms· of Appendix B. · 

• Normal Base Power 'liai.sters - Eccttic power transfers that arc tixisidcml 
by the dcctric systems to be rcpresc:ntativc of the base system conditioas being 
analyzed, and which arc agreed upon by the parties involved. Other ttansfcrs. 
such as emergency or ccommy transCcrs, arc ~ adudcd. · 

• Nonnal Rating -The adng as defined by the &dlity owner that specifics tht'. 
lcvd of clectrical loading (lcnenl?y a:pEC!5Cd in megawatts or other appropriate 
units) dm a &cility can support or witmtarvt through the daily demand cydcs 
without lOM of cquipmcot life of the W:illty or equipment involved. 

• Emergency Rating -The ntiog as defined by the·&cility owner that specifics 
the level of dccttica1 loadfng ~ ap~ in megawatts or other 
appropriate units) that a &.cility can support or withstand for a period of time 
sufficient for the adjustment of transfer schcdulcs or gencmion dispatch in an 
orderly manner with acccptlblc lou of equipment life, or other physical or 
safety limiutions, of the f'ildlity or equipment imolftd. This ming i5 not a 
continuous rating. · 

• Nonnal Voltage Umlb -The operating 'VOitage range on the interconnected 
systems, above or below nominal voltage and gcncnlly expressed in kilovolts, 
that is aeccptablc on a sustained basis. 

• Emergency Voltage Umlts - The operating voltage range on the intercon­
nected systems, above or bdow nominal voltage and gcncl2lly aprcs.scd in 
kilovolts, that is acceptable for the time sufficient for system adjustmcnrs to be 
made lollowing a &cility ouagc or system diaurbaDcc. 

. I 
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integrity of the interconncc:tcd decrric systcmS. These actiom or system adjmt· 
ments may be implemented in anticipation of or fbllowing a system c:ontiJJFDC)' 
(&cility outage) or system disturbance, and include, among others, opening or 
dosing switches (or circuit breakers) to change the system configun!ion, the 
redispatch of generation, and the implementation of direct control load mamge­
meiu or inlerrupdble dm>and progrlUDS. 

- Automatic Operating Systems - Special protection systems (or 
remedial action schemes) or other operating systems installed on the dearlc 
systems that require no intcrymtion on the part of system opcrati>rs for their 
opcntion. 

- Nonnal (Pre-Contingency) Operating Procedures - Operating 
procedures that are normally invoked by the system opcmor to alleviate 
potcmial .&cility ovmoam or other potential system problems in antici-
pation of a c:ontingmcy. · 

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

·• TIANSMIUION TRANSRI CAPABILITY 
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Certain concepts and technical ismcs that arc necessary to an underswlding 
of transmis&on trmsfcr apability arc described in each of the following sections. 

The calcularion of transfer capability is gcncrally based on a computer simulation of 
the operation of the interconnected electric systems under a spcdfic set of as.mined opcrat· 
ing conditions. Each simulation represents a single •snapshot• of the operation of the inter­
connected systems based on the projections of mmy hctors. Among these factors arc the 
cxpcctcd aistomer demands, generation dispatch. the configuration of the interconnected 
electric systems, and the dccttic 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 mmagcmcnt programs. Generation dispatch 
is affected by unit millability, economics, environmental and hydrological conditions or 
limitations, and awilable fuel supply. TnmniAAion line avail2bility iS primarily influenced by 
planned maintenance and changes less frequently than generation availability, but when it 
docs change, it can have a major influence upon &cility loadings. Other &ctors that can vary 
are the number, direction, arid amount of simultaneous dcc:tric power transfers among the 
interconnected systems. These concurrent trmsfcrs influence the electrical loadingpattcms 
on the system or systems being analy7.Cd. ·~ 

~ 

In real-time opcntion of interconnected electric systems, many &ctors are continu­
ously cbangi.:ig. Its a result, the elcc:tric power transfers that can be supported on the ~ ~ 
mis&on systems can vary from one instant to the nett. 1hc actual transfer capability availabl 
at any particular time may differ from that aJculated in simulation studies due to the &ct that 
in the simulation studies only a ~tcd set of opcming c:Onditions can be evaluated, whereas 
in real time, widely different conditions may cdst. For this reason, the transfer capabilities 
derived from simulation studies need to be viewed as indicators of system capability. Scvcra1 
control areas can now calculate first contingency incremental and first contingency total 
transfer capability limits on a l"C2kime baSs from the facility thermal rating pcrspcctivc. This 
on-line capability allows these control areas to modify their transfer or interchange schedules 
throughout the day. That is, the rcakime calculations could allow scheduled transfers to 
exceed previously determined off-line limits when it is safe and feasible to do so, or they 
could further limit tramfcn below previously determined off-line limits, depending on actual 
system conditions. 

The transfer capabilities reported to NERC arc generally the first contingency 
incremental (FCTTC) or first contingency total (FCITC) tnnsfcr 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 brid explanation should accompany the reported transfer 
capabilities. 

i 
! 
I 
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The transfer of electric power in ac interconnected tnnsmission systems generally 
cannot be dircc:ted along specific transmiMion lines (or paths) or prcdctcrmined routes 
except in some limited applications where those routes are controlled by phase-shifting ~ 
formers, thyristor-controlled series capacitors, or the like. Thcrcforc, electric power transfers 
in ac systems will be distributed, in varying degrees, on all transmission paths between two 
al'C2S. The resultant transmis&on line loadings will be in accordance with known electrical 
network relationships, but may not be in accord with any contract or agreement that ~ 
fished the scheduled transfers between the two areas. 

When such electric power transfers between two areas distribute onto the facilities 
of other interconnected systems not conuactu2lly (or directly) involved in the agreement 
bctwccn the transaaing parties, the 1mintended electric power flows on these neighboring 
or adjacent system W:ilities are known as •para11el path flows.• In some cases, the parallel _ 
path flows may result in tr2J1Smission limitations in the neighboring or adjacent systems, 
which an limit the transfer capability bctwccn the two contr.ICting areas. 

Parallel path flow is a complex trmsmission system phenomenon that can affect 
many systems of an interconnected network, especially those systems clecttically near the 
transaeting systems. As a result, transfer capability dctcrmimtions must be sufficient in 
scope to ensure that neighboring or adjacent interconnected system limits are recogni7.cd. 

M explained in the Introduction and Figure 1, transt'cr capability involves the movc­
malt of dc.ctric power from one area of the interconnected trmsmission systcmS to an<>thcl: 
Transfer capability fromArcaA to its interconnected neighbors (Areas B and C) is generally 
cvaluatcd by simulating transfers from.Arca/. toArca B i.ndcpcndcntly, then fromArcaA to 
Arca C only. and so on. These indcpcndcntly derim1 transfer capabilities arc not concurrent 
with any other (A to B, B to C, C to A, etc.) area tramfcrs. 'Ibcrdore, each of these indepen­
dent tramfer capabilities (ArcaA to Arca B only, etc.) is referred to as a •non-simultaneous" 
transfer capability from one area or system to the ~ 

Another type of transfer capability reflects the capability of the interconnected ~ 
tcms to conduct simultaneous or multiple transfers concum:ntly (e.g., from Are2s A and C to 
Arca B concurrently). This transfer capability is dcvclopcd in a manner similar to that used fur 
non-simultancom capability, except that the intcrdcpcndcncy of transfers among the several 
areas is taken into account. The tI2DSfcr capability so derived is referred to as the •simultane­
ous" tnnsfer capability from.ArcasA and C toArca B. 

No general numerical relationship aists bctwccn simultaneous and non-simultane­
ous transfer capabilities. A simple addition of the non-simultaneous transfer capabilities, Arca 
A to.Arca Band.Arca C to.Arca B, is not appropriate to determine the capability for simultane­
ous transfers fromAre2sA and C to Arca B. In &ct, anArcaA to.Area B transfer can significant­
ly affect a coincident Arca C to Arca B transfer, particularly if both trmsfcrs are limited by a 
common set of facilities. The simultaneous transfer capability may be lower than the sum of 
the individual noa-5imultancous tnnsfer capabilities. 

The aJcul2tioDS d non-shnultaneom and simnJtanrous power ttmsCcrs are gcnml­
ly performed 00 an interconnected system's configuradoo rqxr• nmfvc of the base system 
cooditions being analyzed, and which are agreed upon bf the padcs inwlved. These base 
conditions may or may not include normal base power transi:rs. 1be DOIHimultancous and 
simultmeous transfers would be addidom1 to these normal base power trans(crs. 
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, ' The ability of ac electric ~ systems to n:ljahlt trmsfcr c1ectric power my' · 
be limited by any one of the following: 

•Thermal Umlts - 'Ibe flow of decttical current in a conductor or decttical 
&cility causes heating of the conductor or facility. ThemJ21 limits, in the form of 
facility norm2I and emergency ratings, establish the maximum amount of aurcnt 
over a specified period that a transmis&on line or dearical facility can conduct 
before it 5USWns permanent damage by overheating or violates public safety 
&round clearance requirements due to conductor sag. 

•Voltage Umlts -Adequate voltage must be mainWncd on the tr.msmission 
systcm5 at all times, including during and after a system contingency (facility 
outage). As dectricity is transmitted along a ~on line, resistive and 
reactive power losses arc incurred and a voltage drop occurs. As an inacasing 
amount of electricity is transferred, resistive loSscs increase and increasing 
amounts of rcactivc power arc required to support system voltages. Reactive 
power is nccdcd throughout the tr.msmis.sion tr.msfer paths, and, in particular, 
in the importing (receiving) area or area of generating capacity ddiciency. 

The reason for an electrical Supply deficiency is often the outage of one Or more 
generating U}lits. If the major portion of reactive power in the ddicit area is 
normally supplied by the outaged gcncratorS, then the wociated reactive power 
of these units will also be unawilable. 'Ibe result can be umcccprable system 
voltages at dectric power tnnsfcr levels that may be lower than those tr.msCci • .. ; · 
lcvds for which trammis.Wn &cility thermal overloads would occur during singk 
contingcndcs. In addition, the noniincar chanctcristic of reactive power can 
aaccrbatc the voltage decaf of a deficit an:a. As voltage declines in an area, the 
c:ffcctivcncss of installed reactive support (shunt capacitors) and line charging is 
diminkhcd by the square of the voltage. Minimum voltage limits can establish the 
maximum amount of dccttic power that can be transferred without causing 
damage to dcctric 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 
intcrconnccted system& 

• StabDlty Umlts -·A basic tenet of. reliable system dcSign is that the intcreon­
ncctcd systems should be capable of surviving disturbances, coincident with safe 
maximum electric power transfcn, through the transient and dynamic time peri­
ods (from milliseconds to several minutes, rcspcctivcly) 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 cydcs per second in the United States and 
Canada). Immediately following a system disturbance, generators begin to 
oscillate relative to each oth~ causing fluctuations in system frequency, line 
loadings, and system voltages. If the disturbance is minol; the oscillations will 
dimirum and damp out as the clccuic systems attain a new, stable operating 

.• . point. If a new. stable opCradng poiDI ii not quickly esrablishcd, the generators 
will likely lose synchronism with ooc ~and poniom or all of the intercon­
nected systems may become unsW>lc. 'lbc result may be damage:: to equipment 

.. , and the uncomroUcd intcrrupdon of~ supply to aJ5tODlC1'& . . ..... ··' ... 
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Tnnsrnisc;ioo system tnnsfcr apability is alculatcd 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. 1'r2Dsfcrs bctwcco 
two areas arc dctcrmincd by incre2sing tran.sf'crs from a normal base tnnsfer level until a 
system limit is reached, taking into acCO\Ult the mQSt aitical single contingency &cility outage 
and its system loading, voltage, and stability effects. 

The difference between the nonml base power tnnsfer levCl and the total tnnsfer 
levd at a lr.UlSIIlis&on system limit is known as the first contingency inacmental transfer 
capability (FGrC). The transfer level at the limit is the first contingency total (base plus 
incremental) tl2DS(cr capability (FCITC). Several such represcnr.ativc snapshots are simulated 
yidding a range of tnnsfer capability values that might be cq>ected. This approach is 
referred to as a deterministic approach to transfer capability. It is the more common method 
of calculating trmsfer capability. In more sophisticated techniques, probability values arc 
assigned to each snapshot, yielding a probability distribution of ttansfcr capability. 

The intent of a tra.nsfer 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 dcctric power transfers. 

These charac:tcristics are broad enough to be applicable to dectric systems 
generally, but arc also specific enough for coilSistent application and interpretation. Specific 
recommendations for performing tnnsfer·capability cakulations that arc in accord with 
these characteristics arc briefly discussed in the following sections. 

Trmsfer capability values may be based on alternating current (nonlinear) simula­
tions or direct current (linear) simulatiOns of the interconnected transmission systems. Direct 
current simulation tccbniqucs arc an efficient means to screen the transmission systems for 
the most aitical contingencies and their system cffccts, and to approximate the transfer Im:! 
at which those contingencies are limiting. Transfer values determined by such linear simula­
tions should be verified by altcm2ting current simulations where voltage, reactive power 
supply, or stability problems exist, or to ensure that these problems do not aist at or below 
the transfer lc:vcl 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 ii1tcrconnected systems should be representative 
of the systems being simulated, indudfng my 1oog-tcnn generation and transmission outages 
that arc c::spectcd. The actiYalioo d any operating procedures normally apeacd to be in 
dfea should also be included in the simu1adom. 

' . - ;.:· . . : 
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The gcnC12tion dispatch of the interconnected systems being simulated should gen-"'· 

Cl2lly follow the guidelines dcsaibcd below: 

• Nonnal 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 dcmarvt lcvd and system configuration. 
The base case electric power transfers provide the reference for inaemental values 
of transfer capability. The net of base case transfers plus the incremental transfer 
at which a system limitation is i:cached is the total talWcr capability. 

• Nonutlllty Generaton - Non.utility generators, c:1:empt wholesale generators, 
and qualifying f.acillties should be modeled and dispatched at their represcnwive 
operating conditions for the system conditions under study. 

• Exporting (or Sending) Area - In the exporting area, the generation is 
increased on an economic, environmental, or O(bcr appropriate disp2tch basis, up 
to the limit of the installed generating capacity. Nonexistent generators should 
not be used to simulate dcctric power transfers. If additional transfers are 
required to test the inten:onnccted transmission systems' adequacy, transfers into 
the area from outside gcnenting sources located in other adjacent systems can 
be simulated, or other generation dispatch adjustments can be made, provided 
the distribution of J021tinp among ttansmission .f2cilities in the area of intacst is 
realistic. Customer demands in the aporting area 1D2f also be reduced so that 
additional tnnsfcn can be scheduled from adUal gcncratOrS proVidcd the 
simulated condidons are realistic. ~the resulting tnnsfer capability should 
be reported as being from gcncrmon soun:cs outside .or beyond the reporting 
area or for the reduced~ area demand 1cvd. 

• Importing (or Receiving) Area - In the importing area, the genention is 
decrcascd on a realistic dispatch basis for the cniW'crs being tested. Generator 
reactive supply in the importing area should be modified for consistency with 
generator Jal power output lcvds. System security, apacity margins, and voltage 
limits mmt be preserved. If additional tramfcn are required to test the inten:on­
ncdcd transmiMion systems' adequacy, cmtomer demand in the importing area 
may be inacascd in reasonable amount5 provided the distribution of loadings 
among transmiS5ion f.acilities in the area of interest is realistic. Further; the result· 
ing tnnsfer capability should be reported as being for the increased importing 
area dcmancf lcvcl. 

The computer simulations should verify the capability of the interconnected transmis­
sion systcmS to support acceptable voltage levels at the determined transfer capability level, 
iDduding the dfccts of any 1'C2Ctivc power supply limitatiom. The reactive capability of all gen­
erators and maaivc sources should be r iately madded within their .respcaM: limits. 

< • • app. . . . . 

· · ·- it Js especially lmportant in simulating die oWics of genc:iating units that reactive 
power output be rcmavcd .along with the ica1 power outpm. It ii equally important to have 
accumc rcactivc power limits in these simulations. A acncmor's reactive capability may be 
significantly limited by the design of the amillary system, lbc pcrator step-up transformer;. 
the minimmn acitatioo limi~ minimum or maximum geocntioo limits, or by odlcr opcra-
tioml c:amidcmioas. . 

' . 
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The nonlinear relationship bctwccn 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 dcmand lcvcls should be appropriate to the system conditions and ~ 
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Transfen 
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tamer demand levels under study and may be representative of peak, off-peak or shoulder, or 
light demand conditions. Although ttansfer capabilities arc generally reponed to NERC for 
peak customer demand conditions, knowledge of transfer capability limits at other demand 
levels is also imponant for the rcliabk operation of the electric systems. 

In the system simulatiom, the demand levels, cspccially the peak intcmal demand 
lcvcls, should be ~of indirect demand-side management (DSM) programs. In co~ the 
direct conttol load management and contractually interruptible demands should gcnmlly be 
indudcd in (not subtracted from) the intcmal dcmarid lcvm. However, the rcprcsc.ntation of 
direct control DSM programs depends on specific conttact terms and the practices of the 
individual electric systems employing these types of direct control (load management and 
interruptible demand) DSM prognum. -·} 

Sufficient generation and !m1Smis&on system single contingencies should be select· 
ed for simulated testing to ensure dW the &cility outage most restrictive to the transfer bcin( 
studied is included. The contingcndcs studled should be consistent with individual electric 
system or Regional Council planning aitcria or guides, and may in some instances indude 
multiple contingencies, if appropriate, such as the outage of transmission circuits using 
common towers or right5'<>fwzy. 

A limited amount of linear extrapolation and interpolation can produce useful 
results if done judiciously, but tramf'cr levels should be verified by alternating current simula­
tions. Where no limits a,rc found at a test transfer lcvd, the transfer capability should be 
reponcd as -x+• Mw, where MX" is. the highest test transfer level simulated. 

Transfer capability limitS arc determined by the overall interconnected systems. 
When the loadings of certain lower voltage electric &cilitics restrict calculated transfer capa­
bility, these transfer capabilities and their limiting tacilitics should be rcponcd. For consistcn 
cy, it is recommended that such lower voltage limitations be excluded from the analysis only 

· on the baSs of one of the following two conditions: 

,~-
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1. An csW>lishcd and documented opcnting procedure aists for ciimimdng the { ... ~ 
overload or restrictive condition. In addition, no restriaivc conditions will be 
placed on the implementation of these procedures. For these situations, transfer 
capability should be documented as having been calculated with the opcming 
procedure in effect, or 

2. The restrictive or limiting &cility has minimal or no advmc effect on the 
reliability of the clcctric supply systems (Le., the ouugc of the &cility is not 
likely to lead to widespread or c.ascading outages). System &cilitics having a 
very low disttibution or response .&ctor, as dcscribcd in the ·Distribution (or 
Response) Factor Cutofr section below, should generally be exduded from the 
calculation of transfer capability. 

Where transfer capability values arc 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 SWic var compcnsators, synchrpnous condcmcrs, ponions of HVDC systems, phase-­
shifting transformers, and other similar devices, must be dearly defined for the system 
conditions under srudy. • 

. Dhtribution &ctors. med in the calcuJadon ol mnsfcr capability and other system .. 
malyscs, measure the clcdricaJ cffcds that an clcctric power transfer has on system &cilitics, · 
or that an Out2gC (or l'CDlOV2l from Service) of one system demcnt or &cility has on the 
remaining system &cilidcs. line outage distribution &ctors (LODFs), power transfer distribu­
tion f.lctors (Pl'Dfs), md outage tmnsfcr distribution &ctors (OI'Dfs) that can be used to 
estimate FO'l'C and FCITC wlucs arc defined in Appendix B. 

A distribution (or response) W:tor cutoff is the suggested oiinimum level or 
ID2gnitudc of LODFs, P'IDFs, and OI'DFs considered signifiant and used in transfer capability 
calculations or other system analyses. LODFs, P'IDFs, and OI'DFs below 2-3% arc not 
generally comidcred in determining tnnsfcr capabililics. 

This suggested cutoff level may be mc>rc signifiant to a lower voltage &cility 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% P'IDF 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 
thcrmal rating of a 138 kV line than it is of an emergency thermal ming of a 345 kV line. 

The above suggested distribution &ctor cutoff should not be universally applied 
without good engineering judgnicnL Any Critical .facility with a distribution (or response) 
&ctor below the cutotr should still be dosdy monitored in the analyses to ensure that its 
W:ility limits arc not acccdcd and that system reliability will be maintained. 

.· 
l 

~ 

·~ TUNSMISSION TRANSFU CAPAIWTY 



........ 

..... 

NOC 

1be NERC definitions for FOl'C and FC'ITC arc intended to foster and promote 
consistency in calailating and reporting electric ~ transfer capability. How~ if 
Rcgioml, subrqioml, power pool, or individual ~ calculation methods or reliability 
aitcria or guides arc more restrictive than the ~ conditions in the Fare and FCITC 
definitions, the more restrictive calculation method or reliability aitcria or guides must 
be observed 

The Regions, subregions, power pools, or individual systems have the primary 
rcspoDSlbility for the reliability of bulk dcctric supply in their Regions or areas. These cntiti~ 
also have the responsibility to develop their own appropri2t.c or more detailed plmning and 
operating reliability aitcria or guides, including those pcrWoing to transfer capability, that 
rctlea the diversity of individual dcctric system characteristics, geography, and demographics 
for their areas . 

.·:.·.··- .f'•·· 

·~·~ .. ~ 
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1be trmsfcr capability calculation gukfclincs in this report arc intended fbr gcnml -, .. 
use and arc designed to be flexible enough to be adaptable to the v.arying circumstmccs in 
diffi:rent arc2S of the United States and C.anada Howevt;G they arc also spcci&c enough to 
promote a common understanding and interpretadon of tr.uWer capability concepts. The 
guidelines arc based on sound technical comidcrations recognizing the elearical and opm­
tioml characteristics of the intcrcoMected transmission S)'5taDS. 

Ecctric tr.msrni«ion systems have finite capabilities that arc based on an cxpeaal 
use pattern and arc governed by the laws of physics, and safety and reliability considcratiom. 
1bese systems cannot provide unlimited ttansmission scrvic:cs for all parties at all times. 
When transmission systems become loaded to their tr.msCer capability limits, additional 

' tnrmnission services can only be accommodated by adjusting or curtailing some c:xisting 
services m; in the longer term, by expanding the tr.msmiscinn systems. 

Transmission 
System Planning 

and Operation · 

--
Adequate. 

Transfer Capability 

Ecctric transmi«ion systems arc planned and designed to be responsive to a rmgc 
of constantly changing opmtional parameters. 1bcsc panmctcrs, among others, include 
changing customer demands, generation availability and dispat~and the electrical dw2acr­
istics of the transmission facilities. Therefore, the determination of the capability of t4c 
interconnected transmission systems to support electric power transt'crs is complicaU:d. 
The tnnsfer analysis requires a thorough undcrstmding of the intcrrelationship of~ 

· opcntional parameters and their effects on the pcdormance of the u-msmission systems. 

Transmission systems designed to sc:m: a projcdcd range of opcratioml pm.meters -
may not be capable of supporting a large cban(DC in one or more of these panmctcrs, or a 
significant change in. the system uscs that may be imposed upon them. When the voltage or 
stability limits of the sysrrms or the. thermal limits of individual tr.msmiAAion facilities arc 
reached, the capability of the intcrcoMected systems to support additional trmsfcrs is also 
reached Additioml ~can only be accommodated by: · 

•Reducing the loadinp on the constr.lincd &cility(ies) by dthcr changing some 
opcraling pm.meter, such as clwJging generation dispatch or reducing customer 
demand, or · 

• Modifying the configuration of the existing &dlitics or reconfiguring the 
intcram:ncded' systems by the addition of new transmis.sion &dlitics. 

No comprehensive and universally applicable procedure exists for determining the 
"adequate" or "appropriate" lcvcl of transfer capability that will ensure reliable service at all 
times. The adequate lcvcl 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 m evaluation of the system benefits to be achicvcd. System size and localion. 
the size of installed generating units, the disttibution of cuscomcr clcman<b to be served, the 
strength ol the amsmission system configuration, and the antidpattd USC of the system arc 
some of dlc key parameters dial will affect uamkr c:apabiHty. For each dccttk: system or 
polmtfal mnsmissiaa usei; the objeaiva and benefits to bC uhkval from difl'crcnt levds 
of tnnsfer capability will be unique and must be mluated by ID amlym of the specillc 
paamctcrs appropriate to each system. 1 

\ 
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· OTHER CQNSIDERATIONS · .. 

The development of interconnection lines among dcdric systems is pursued for a 
wide wricty of rca.u1S. Some directly addrm reliability matters, while others address _,environ­
mental or eoonomic conccrm. F.ach dcctric system must analyze and define its own transfer 
apabili1y goals. All significant uses of transfer capability must be adcquatcly cnluatcd. 

As the dcaric systems evolve in a more competitive dcctric power market, demands 
for use of lhc transmis&on systems will inacasc. The need to provide transmis.sion services, 
for both utilities and nonutilitics, raises a number of reliability oonccms including increased 
tm>smisW>n system loadings, paralld path flows, and increased a>ordination problems. 

1bc planning and operation of the intcrconncctcd dcctric transmission systems 
in the United States and Qmda are c:Ooductcd in accordance with NERC reliability aitcria 
and guides. The Regions and their member systems also have cst2blished additional aitcria 
and guides designed to maintain the security of their transmission systems for the more 
probable contingencies. Aldiough there have been a few insWK:es of localized intcmiption 
of dcctric supply to customers, widespread cascading tnnsmiMion outages generally have 
been prcvmtcd. 

Alt users of the transmission systems must also adhere to accepted plmoing and 
opmtiDg criteria and guides designed to maintain dcctric system reliability as described in 
NERCs lblldes, Procedures, and PrlnCiples and Guida jbr Planning Reliable Bulk EJearlc 
~ ill Follda }:Jr ln"1rmnn«ted Systems Operation, and its Operating Guides. 

.... ,. 
;~TIANSFUCAMllUIY 
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Overview 

This appendix iJlustmes by mcam ol a simplified imcn:ouDcctcd dcdric sysrcm. 
network the key cooccprs and dc6oitioos of~ transt'er capability desaibcd in the 
main body of this document. Spccific:ally. six aamples illustrate, in a simplified maoncr, how 
transfer capabilities are calculated and reported. 

This overview brictly dcscribcs the intm:onnccted systems network, the general 
methodology, and the transfer capability definitions on which the CDmples are based. It also 
includes a summary of the transfer capability results for each example. A detailed description 
of Enmple 1 and summary descriptions of Examples 2 through 6 follow this overview. 

Descrfptfon of the Interconnected Systems Network 

The six examples all reference the same simplified intm:onncctcd systems network 
(Figure 1). Three electric systcms,dcsignatcdAreaA, Area B,and.Arca C,are interconnected 
via three transmission paths,pathA-B,pathA-C,and path B-C. F.ach transmis&on path, in 
tum, is comprised of two parallel interconnection transmisdon lines, line •l and line •2. F.ach 
Arca, in itself, is an electric system comprised of several generating units, dispersed c:uStomer 

. demand, and transmission lines, none of which. arc aplidtly 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 cmtomer denwvf (D) arrow. 

In the mmples, it is a.muncd that the~ lines connecting the Areas include 
both the critical single contingency (&cility ou:agc) as well as the limiting transmission facility 
or element for electric power transfers between and among these Areas. In an ~ intm:on­
nectcd network, the critical single transmission system facility that is out of service and the 
limiting transmission fllcility may be IoOtcd anywhcn: in the cotitc interconnected network, 
including within the intcma1 sy5tem in each.Area. 

In the six CDmples, it is mumed that each of the two interconnection tr.msmission 
lines bctwcenArcasA and B (and which. comprise pathA-B) bas a normal thermal rating of 
950 mcpwatt! (MW) and an emergency thermal rating of 1,100 Mw. F.ach of the two lines 
bctwccnArcas A and C, and Areas B and C bas a normal thermal rating of 850 MW and an 
emergency thermal rating of 1,000 Mw. These ratings of the two tr.msmission lines intercon­
necting the.Areas arc summarized below. 

,.., 
LincA.:B•l 
IJneA-8•2 

IJneA-C•l 
IJDcA-C•2 

IJDcS-C•l 
LiDeS-C4'2 

Normal 1hennil 
Ratings (MW) 

950 
950 

850 
850 

. 850 

850 

Emergency Thenml 
Ratmgl(MW) 

1,100 
1,100 

1,000 
l,QOO. 

1,000 
1,000 
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E>v\MPLES OF TRANSMISSIO' . -RANSFER CAPABti.ftv' 

In gcncnl, the ability of the interconnected systems network of Figure 1 to reliably 
transfer clcaric power may be limited by any one of three conditions, namely, thermal Jimits, 
system voltage limit!, or system stability limits. For the purposes of these cwnplcs, it is 
:wumed that only the thermal capability of the intcrc:onncction transmission lines will limit 
the clcaric power transfers and that voltage and st2bility limits, for simplicity, do not apply. 

The two methods generally used in reporting ttansmission transfer capability arc also 
included for each example. The first reporting method, used primarily in the Eastern Intcrmn­
ncction, presents transfer Capability results in terms of clcdric power transfer capability bd:wecn ~ .· 
"Areas• (or ~c systems). The second rq><>rting method, used primarily in the Wcstcm Ima· 
connection, prcscnrs transfer capability in terms of individual "transmission pat11• capabilities. 

Although the interconnected systems network of Figure 1 remains the same for the 
six cwnplcs, different assumed base system conditions in each cumple result in different 
transmission transfer capabilities amongArcasA,B,and C. 

In each example, the base conditions arc representative of a different set of~ 
fied generation, customer demand, and base scheduled transfer asmmptions. C.Omputer simula­
tions performed on those base system cooditions determine the tnnsfer capabilities bctwccn 
and among the A:as as well as the transfer c::apabititics m the transmission paths amncctiDg 
theArcas under the First Qmtingcncy Inacmcntal or First ContingcncyTocalTrmsfcr (.apabil- · .:" 
ity (FOTC or FCITC, respccd:vdy) definitions described in the D12in ~of this report. .. 

. Summary of Results 

The transmisQon transfer· ~cs for the six c:mnples are summarized in the 
following table. It includes the base conditions, the base scheduled transfers in effect, the aiti­
cal single c:ontingcncy trmsmisSon &cility, the limiting transmmion &cility and its emergency 
thermal nting, and the transfer capability from Areas A and C to Arca B for various assumed· 
base conditions, as well as the transmission path mmfcr capabilities of patbsA-B, A-Ci and 
B-C. These cnmples show haw FQ'J'C and FCITC can wry for the same interconnected 
clcarical network under different base system c:onditioos. 1bcy also illustrate that tile c:aJamt.. 
cd tnnsfer capabilities are only •snapshots• of the transfer capability at a given moment for this 
ndWolt. 1bc key fcttures of each example arc dcsaibcd below. 

. 
EumpJe 1- Shows the amount of electric power that can be transferred fromAreaA to 

Arca B under a spcdtied set of base system conditions. 

Example 2- Illustrates for a difl'crent set of base conditions the effects on the AreaA to 
Arca B transfcr apability of Example 1. 

Emnple 3- Shows tbc imPact on tbCArcaA to.Area B tnmCer apability of Enmpfc: 1 
· when an ai!riog base rcbedulcd tramfcr is In drect between Arca A aimd 

AreaC. ' \ 
- ..... ,... . ~. 

EDmple -'- Shaws the .impaa on the.Arca A ID.Area B ~ apability <iRmnple 1 
wbm a bale 5chcdnkd ~ aniitloa en.am die oppollile dilution, 
dmlt.atlaDSufrcmAn:IBtoAlaA. /i:.t 
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· Enmple 5- Shows the maximum tot2l simultaneous trmsfer capability from Areas A and 
C to.Area B. It illustrates that the muimum non-simultmcousArl:aA to Area 
B mnst'cr capability and the maximum non-simultaneous.Arca C to.Area B 
trmsfcr capability C2DDOt be added to obtain the muimum tot2l simulWJe­
om trmsCcr capability fromArasA and C to Area B. 

Example 6- Shows that, in ccrt2in circumsr:anccs and when system conditions permit, 
special pl'O(cction systems (or remedial aaion schemes) may be used to 
incrcasc tranmlis.5ioo transfer apability. These sysiems or schemes arc 
automated and generally &st-acting, responding to system contingencies 
mudi &stcr than system opcmor aaioo. 'Ibey arc not universally applicable 
to an clcctric systems. · 

1bc u cmnplcs also ilJmmtc·tbat diffcrcDt trammi5*xl ttmsfcr capability values or 
1evds can be rcponcd to dcscribc the same lXtWodt conditiom and tnnsfcr capability limits 
dcpcndiDg on the rcponiDg method \area intcrchangc·~ or~n pat11• basis) used 

. ::.';~:;.f~!i~:.t:, :·~ ~~:'.}~~~UMM.AR~~bFiRANS~ISSIPN fRANSF~R ~A~i~uirv;~XAMPLES~ .. *~~~~'~$}~~~;:~/Y 
•• ·~· ... , ·~ ~1.~ ... ~ ... ~- • 1 ·~-k ..... • ."' _ ........ ·; .... ~ •• :"-~ .. ..,--'IO.;~".,.:~~~·.::.~ ... , ...... 

Base Qv;dfdnm 

Jmc Scfxdnlc:d 
Tramla-s 

Transfa-Capability(MW): 

"Arel lntcrcbaoge" Hamb 
•FafC 
•FCITC 

"l'nosnlissinn P.lth" Bae 
• 12tbA-BFCITC · 
• P.tthA-C FCITC 
• P.tth C-B FciTC 

NEIC 

Example 1 Example2 

200MW .mMW 
~k:q» aumi-
fbw (A-C-B-A) ~Joop 

Jbv(A-B-C-A) 

UncA-C•l lioeA-B•l 

UncA-C#Z IineA-B#Z 
(1,(XXJ) (1,100) 

AtoB AIDB 

2,834 2,286 
2,834 2,286 

1,500 1,572 
1,334 _JI 

.......... _JI 

Example 3 

200M\V 
~loq> 

. fkJw (A-C-B-A) 

SOOMW 
frcmAreaA 
to.ArraC 

liocA-C•l 

lineA-C#Z 
(1,(XXJ) 

A.IDB 

1,834 
1,834 

1,<XX> 
1334· 
........d 

-

Example4 

200MW 
dx:twEe loop 
fuw (A-C-B-A) 

SOOMW 
franArcaB 

IDAir2A. 

UncA-C#Z 
(1,(XXJ) 

AIDB 

3,D 
2,-ml 

1,374 
1,334 
........d 

.. ··: - . ' 
.. . ,. . .. _:...,;;,· ....... :.• . 

Example 5 EX_;.ple ,. 

200MW 240MW . 
. dodwise loop aJUd.Cl'-
tbw (A-C-B-A:) ckxkwisc k>op 

tbw (A-B-C-Aj 

lineB-C#2 LineA-B•l 
(1,(XXJ) ard.#2 

(1,100 eadl) 

AmiCIDB AIDB 

3,018 2,116a 
3,018 2,116a 

1,548 1,770• 
..J _JI 

1~470 1,346• 

a !pcdll pUla:llm IJllall (or l'ClllCdill ICdaa ldacmc) la dla:L. . , . . : · 
b Boda lbl: Jan: and PCl'l'C C111DCqJC1 n lllCd 1a sqiordas a..a •Rial Dk• on lbl: "ll'Cll abaram'•1111.-IC""tmil ID lbl: 

fWm1*>oMM !1h I ,.. . 

c On1J lbl: PCl'l'C c:iaaccp1 l118Cd la rcpcnills IDlllfcr c*114"•keca lbl:"' ' ' 11 pm1a•1a1 la lbl:'Rllan lulo'c" n CSioa. 
d la ~d".c ,..,n...._ n plda fl DD& a Ill fCrn:: llmlL · '· • 

: .:~~·~:'.:.£ .::".a .j ;:.:.:.:.? 
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f.iAMPLES OF TRANSMISSIOt1'TRANSFER CAPABILITva· 

Example 1 

1i'ansmlsslon Transfer Capablllty from Area A to Area B 
without Base Scheduled Transfers, and a Clockwlse Loop Row 

Base Conditions 

" 

In f.:Dmple 1, wxlcr base conditions, each.Arca (or dccttic system) has dispatched its .. 
generation to satisfy its own customer demands, and no scheduled clearic power transfers exist 
among the three.Areas. That is, inter-area scbcduled ~crs f:romArcaA to Arca B, B.toA, A to 
C, C to A, B to C, and C to B arc zero. 

A computer simulation of these initial or basc system conditions indicates that the 
interconnected systems nc:twmk will~ a net dockwisc dccttic power flow, or loop flow, of 
200 MW fromArcaA to Arca C toArca Band back toArcaA. 'Ibis dockwisc flow results from 
the configuiation and generation dispatch within the three intcrconncctcdArcas as they serve 
their own native distributed ~demands. Tbcsc basc cmctitiom an: shown in Figure El-A. 

. Calculatlon of Transfer Capablllty 

Transfer capability 'Wlucs or lcwds may be based on altcmating current (nonline2r) 
or direct currcn1 (linear) computer simulations (load flow studies) of the interconnected d~ 
tric systems, and, as ncccsmy, system wltlge and system stability analyses. Since it is wwncci:· 
that only interconnection tnnsmicsion line tbC1m1 ratings will limit the ~er capability of 
die interconnected systems network, simplified dim:l current simulations will be used in this 
&ample 1 and the following c:nmplcs. These linear computer simulations can determine the 
network response to the various pos9ble dcctric power transfers, in this asc from Arca A to 
Area B, the aitical single transmission cnntingcncy, and the transmis&on &cility that restricts 
or limits the transfer capability under the single contingency condition. 

. The first step in determining thcAreaA to Arca B tr2nSfcr capability is to modify the 
base asc computer simulation of Figure El-A by increasing generation inArcaA and deae25-
ing generation in Area B. 'Ibis proce9 continues until any single contingency (or &dlity, out· 
age) would came one of the remaining tnnsmission &cilitics in service to reach its emergency 
thermal nting. ,As.,ume in this Example 1 that computer simulation identifies one of the two 
transmission interconnection lines bctwcen.ArcasA and C as the aitical single transmission 
contingency and the remaining transmisQon line bctwccnAreaA and Area C as the limiting 
facility. 

The computer simulation also shows, with all the &cilitics in service, for dcctric 
power tr211Sfcrs fromArcaA toArea B,60% of a scheduled transkrwill flow fromAreaA to 
Area Bon transmission pathA-8,or 30% on transmission lincA-B •land 30% on transmission 
line A-B #2.. The remaining 40% of the scheduled trmsfcr from Arca A to Arca B will flow on 

. the transmission path from Arca A toArca C and then from Arca C to Arca B. 1bat is, 20% of the 
' power trmsfcr will flow on tmwnisdoo lincsA-C •l, A-C ~ C-B •t, and C-B ¢ The simu­

latiom also show that the ourJgC m BneA-C •1 will result in 5°" m the pre<ontingency load­
ing on lincA-C •1 to immediately shift to lineA-C #2. In addidoa. 25% of the prc-condngcncy 
loading on lincA-C •1 will be shifted to each d llncsA-B •1 andA-B ~and 25% will shift U 
each u lines 8-C •1 and B-C #2.. . 

...;~ 
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Figure £1-8 
Ara A to Ara I TrMSfw ~ 

Limiting Conditions 

Figure El-C 
ArM1 A to Aru I Trmsftr ~ 
~the Crttal Contlngtnq 

2,834 JIW"brllajlP l.btrll jtotll .W.A ID.C-ilt 
_,, U. A< •I Olllr( Sina 

J /:. • 

. EXAMPLES OF TRANSMISS'ION TRANSFER CAPABILITY 

When the transfer capability limit OD the interconnected systems is re2Cbcd, genera­
tion inArcaA will have increased by 2,834 MW and generation in Arca B will have been cfe.. 
m:ascd by the same amount. The lo:adinp OD the tnnsmiscion paths i>r this tnnsfer capability 
of 2,834 MW fromAreaA to.Arca Bare shown in Figure El-B. Note also for this transfer limit, 
with all tnnsmission lines in service, that the traosmWion line loadings are within their respec­
tive normal thermal ratings. 

In comparing Figure El-A with Figure El-B, the simulated operating conditions 
show th2t of the 2,834 MW transferred fromArcaA to.Arca B,60% of the transfer (or 1,700 
MW) will flow over tnmmission pathA-B, resulting in a net loading of 1,500 MW (-200 MW+ 
1,700 MW) OD pathA-B. Forty percco1ofthe2,834 MW ttmsfcr (or 1,134 MW) will flow over 
ttansmission pathsA-C and C-B,rcsnltjng in a net loading of 1,334 MW (200 MW+ 1,134 
MW) OD pathsA-C and C-B. 

Not acceding the Arca A to Area B transfer apability limit of 2,834 MW is esvntial 
1 

as dectric systems must operate on the ham that the current system configuration can reliably 
withstand the next condngency. Failure to opaare in this mmner could subject the intercon­
nected dectric systems to Ddlity cmrload5, volt2gc instability or collapse, or system dynamic 
instability. Any of these situatiom can 1C2d to ca.ccading and widespread electricity supply dis­
ruptions, and even a system mllapse or blackout, if tramfer limits are acceded and a aitial 
&cility Out2glC occurs. 

TbC resulting network loadings under the outage of the critial transmission &cility 
for the 2,834.MW capacity tnmCcr fromAreaA toArea Bare swnmari1.ed in Figure El-C. At 
the~ tnmlcr capability limit coodftioos of Figure El-B, transmWion linesA-C #1 
andA-C #2 are each carrying 667 Mw. An omgc of transmission line A-C •1 will result in an 
immediate shift in flow of 333 MW (50% of 667 MW) to lineA-C #2. For this critical outage 
condition,liDcA-C #2 will be loaded to 1,000 MW (667 MW+ 333 MW), its emergency 
thermal 1'2ting. No additional electric power tnmlcrs may be achieved fromAreaA to.Area B 
under the conditions simulalcd because the intcrconncctcd systans network Im reached a 
limiting transmisSOD conditioo. Under this single cootingcncy condition, the tcm2ining 50% 
of the pre<00tinsmcY loading oflincA-C •1(or334 MW) will be tnnsferred to pathsA-B 
and B-C. That is, each transmis&on line ofpathsA-B and B-C will carry an additional 167 MW 
in the~ direction. 

R.tportlng of hasfer Capablllty 

Two approaches are used in the electric utility industry to express or report transfer 
capability values or levels depending on the purpose to be serml They include the ·Area 
Interchange• basis and the arrmsmission Path• basis as dcsaibed below. F.ach 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 dcscribcd in the 
•1ntcrpretation of Results• section, rather than in the undertying calculation principles. 

.:•.I• 
a) ·A.rea~Bals 

In Emnplc: 1,if tbe mmfa' apabiHty 'V2hxs an: repom:d mi an •area intadrmge"' 
buis, as in die F.astem lotcrccmxaion, tbcAreaA IDArea B tnmCcr capability 
would be either the First Q:w!tlngenq IDacmaaJ 1bmCer Qpability (FC1TC) of 
2,834 MW or the First ConrhFKT'Ibtll'IDmCc:r Qpability (K:l IC) m 2,834 
Mw. FCrrC ml FCITC frcmArcaA to.Area B me ~same in this Enmple 1. 

l 
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FOTC is the amount of dedric power, incrcmcnta1 above nonm1 base power 
transfers, tb2t an be transferred over the ioreR:onncded systems in a reliable 
~ As the base power tr2DSfcr from.Arc:aA to.Arca Bis zero, the maximum 
inacmcnta1 power tr.msCcr above the nonml base power ttmsfcr is 2,834 Mw. 
The total tnnsfcr capability or FCITC from.Arc:aA to.Arca Bis the net of the hue 
power trmsfcr (or zero) plm the inacmcntal power tr.msfer (2,834 MW) or 
2,834Mw. 

b) "Transmission Path• Basis 
Another approach, used in the Wcsrem Irum:onnccdoD, wooJd iq>ort only the 
tota1 transCcr capability (Kl IC) results of EDmplc 1 but with a focus towaid 
specific transm.is&oo path capabilities. 1bc First O>otingency lnaancnta1 
Trm.Ver Capability (FQTC) conc:cpt ii not med in the Western lntcrconncc:don. 
Under the limiting electric power traoslcr cooditioos of 2,834 MW from.Arc:aA 
to.Arca Band with an &dlitics in sc:nic:c (Figure El-B), tnnsmi5sion patb.A-B 
has a loading of 1,500 Mw. For this opaating condition, a higba tramfer from 
Arc:aA to Area Bon pathA-B cannot be~ bcausc the single contin­
gency outage of either trmsmissioo linc A-C #l er A-C-Z would cause the 

· rcmainingA-C line to exceed its emergency thermal ming. 1bcrcforc. the 1,500 
MW loading on pathA-B becomes the patb.A-B tota1 apability. which is report­
ed as the FCITC for pathA-B. It is not pcnnmible for net scheduled power 
transactions between.Areas to exceed the capability of the direct paths bctwccn 
Areas. In this cwnplc, sc:hedukd trmsCcn from.Arc:aA to.Arca B would be limited 
to 1,500 MW on the basis cJ! pathA-B. 

The corresponding FC1TC of pdhA-C is 1,334 Mw. Howcvci; the appropriate 
coordination arrangements must be made with.Arca C for the 1,334 MW trinsfer 
to be made from.ArcaA to.Arca B over padlsA-C and C-B. If these arrangements 
arc made, thcnArcaA could trmsfcr 2,834 MW to.Arca B. 

For the trmsCcr lcvds simulated in this mmple, U"aDsmission path C-B is not 
loaded to its tota1 traost'er ~ 1bcrdorc, an FCITC for path C-B is not 
reported. 

c) Interpretation of Rcsuhs 
Example 1 is intended to dcmommtc bow tnmmission tnnsfcr capability may 
be calc:ulatcd and reported and the care that must be exercised in using tnmfcr 
capability results. On me•arca intadlange•basis, the FOTC fromArcaA to.Arca 
B would be reported as 2,834 Mw.1be FCITC fromArcaA to.Arca Bon the•arca 
intcrchangc•bw would also be reported as 2,834 Mw; while on the~ 
sion path"basis, the FCITC for transmission pathA-B would be rcponcd as 
1,500Mw. 

For each of these reporting methods, the rcspooscs arc based on the same 
physical intcrconnec:tcd tnnsmi5sion system condidons and limiWions. 
However, the transfer 'V21ucs rcponcd focus on dift'aenl aspects of the interc:on­
ncctcd systems. 1n t11c•m. ~case, me fDcul 11 on tbc ability o1 me 

. ~ ~ sysiCms oetwuk to support the ck:clric powu trmsCcr from 
AIQA to&ca B. In the sccoodC:asc, the i>cus is on the ability of a spcdfic 

_. tnmmisSoD path to support a~ 

~·t.:t 
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EXAMPLES OF TRANSMISSION TRANSFER CAPABILITY 

nmsfer capability wlucs or levels should be based on altcmating current load flow 
· simulations of the interconnected transmission systems. However, direct current or linear siln­
ulation techniques are often used to screen the interconnected transmission systems for 1hc 
most aitial single contingencies and their system effects, and to determine the transfer level 
at which those contingencies arc 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 mns­
fer levels identified in load flow simulations also need to be patbrmcd to ensure the stability 
of the interconnected systems under _the transfer conditions md any single facility omaae-

For the simplified interconnected systems of F.:rample 1, line outage disuibutkm 
&ctors, power transfer disUibution &ctors, and outage transfer distribution &ctors, as defined 
below, will be used to alc:ulate in deWl the FO'l'C and FCITC wlucS reported in Example 1. 
These distribution ~ors are determined from computer simulations of the interconnected 
dectric systemS and rm be used to•estimate•transfcr capabilities in systems with thcrinal lim­
itations. These &ctors rm also be used to alc:ulate the FO'I'C and FCil'C wlucs in Examples 
2 through 6. "~ 

Line Outap~ Factan 

A lilie outage distribution &ctor (LODF) meuma the rcdistributJon of dedric 
power on remaining system &dlitics as a result of an out2glC (or removal from service) of a 
single system W:ility or element. The redistribution of the electric power is exp~ in 
pcrccot (up to 100%) dthe ~ dcdrial loading on the outagcd W:ility. LODFs 
for one llDc ol each of the three tnnsmiscioo paths d&ample 1 arc shown below. Because 
of the mumcd symmetry in caCh of the intcrconneaion transmission paths of this intercon­
nected netwolk cnmple, these distribution &aors also apply, rcspcctivcJy, for the outage of 
linesA:..B #2, A-C #2, and B-C 4 

Response ('9) to Outages af: 

Line Line Line 
Line A-811 A-Cl1 1-(11 

A-B•l OllaFI 25 -32 
A-B#2 .I) 25 -32 
A-C•l 30 0..,,, 32 

--· 
A-C-Z 30 

.. ... 
~; 32 

B-C•l 
·' _ ... ····-~--=30 ......... ...., ..... :·····~·A: "-~"2''"' 

o~ 

B-C#2 -30 25 !. 36 

~,:, l? 
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It is mmmion thal tr.msmissioa line flaws arc •positive• in the direction Crom the first -;,,. 
named line terminal to the second named line terminal. For ID outage of lineA-B •1, 40% of 
the pmcontingcDc:y loading on lineA-B •1 will imr211Wleomly shift to lineA-B #2.. As the 
40% (of the disUibutcd flow) is a positive response~ the incremental loading on rrmain­
ing lineA-B #2 will be in the diia:tion .fromArcaA to.Arca B. Similarly, 30% of the pmcondn­
gcncy loading on lincA-B •1 will be shifted to each of lincsA-C •l 1DdA-C #2,md in the 
direction CromArcaA to.Arca C. 1birty percent of the pre-contingency loading on lineA-B •1 
will also be shifted to lines B-c •1 and B-c #2 but in the direction from Area C to.Arca B. .·. _ 

C.Omputcr simulations arc also uscd to determine power transf'cr disttibution W:tors 
(PI'DFs) for ID interconnected systems network. PIDPs measure the rcspoosivcness or change 
in the electrical loadings on system &dlidcs due to a change in the electric power trmsfer 
from one area to another area. These distribution &ctors arc expressed in percent (up to 
100%) of the change in power transfcc They apply only Cot the pre-contingency configuration 
of the interconnected systems under study. That is, with all &cilities in service. · 

The PIDFs for the intcrconnccted systems network of Example 1 arc shoWii below. 
ll)ese &aors can be used to determine the responses to power transfers bctwccn a.nY of the 

· six poWl>le combinations of the tbrccArcas. For enmplc, Cot the network configuntion md 
pcration dispatches mumcd, and with all &rilitics in service, 60% of the trmsfcr from Arca A 
to.Arca B will flow Ova' pathA-B and 40% will flow viaArea Com' trmmUssion patbsA-C .. :' -
andC-B. . i". 

. 
· Line Response (~) to Transfen From: 

AnaA AraA Anal Anal AraC AnaC 
to to to to to to 

Line Anal AnaC AnllA AnaC AruA Anal 

A-:-B•t 30 10: -35 -8 -15 B 

A-8#2 30 10 -35 -8 -15 13 

A-C•l 20 40 -15 8 -35 -13 

A-C#l. 20 40 -15 8 -35 -13 

B-C•l ,_20 10 15 42 -15 -37 

B-c#l -20. 10 ·-~' 42 -15 -37 
-~ .. 

--:. ~~ ... -::· 

~:'\ ;·d 

. .. : ····--~- -·-····· -· ·····--· ........... -. ···- "···--~-~. 
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Exmnple 1 

Figure El-D 
..... ConclltJons - Eumple 1 

Zl1o Sd#lllUtt nma,tn 
Al!IDIW~A.&..WC 

Figure El-E 
... Conclltlofts - Eumple 1 

Under the CritJc8I Contl119enq 
z.o St:betb1W 7llllllJin AllDllJ ~A. A 
_. C Ii/NI LWA-C •I OW a/ s.Ai:lr 

Slngle Contlngenq and Limiting FadltJ 
Computer simulations, which combine line out2glC distribution &ctors and PJWa' 

transfer distribution f.actors, arc used to idendfy the aitical single trmsDlis&on &cilitf cmge 
and its cffec:ts on the remaining transmission &cilitics. In Example 1, it was ~cd tfm com­
puter simulation identified that when Arca A schedules a tr.msfcr to Arca B, the trmmriSl5iOn 
interconnection lines between Areas A and C arc the most restrictive. That is, for the mugc of 
one of the two A-C ttanslllismon lines, the remaining line becomes the limiting &cililyi>r .Arca 
A to.Arca B transt'crs. 

1hcse line outage and power umst'cr c&uibution &.aon cm also be used in esti­
mating the Fare and Ferre for electric power ttamCcrs bet1vcen and amoog.ArcuA,B~and 
C. The calculations of FO'I'C and FCITC 1br electric power transt'crS from Arca A to.ARZ B 
ming these &aors arc dcsaibcd below for the conditiom of Example 1. 

Caladatlon of rare- Example 1 

The base clcctric power flow cooditions of Enmple 1 arc shown on Figulc!l-D. 
(Same as Figure El-A.) ";· 

:-
If transmiWon lineA-C •1 is out of service under base conditions, the rcsuflim 

loading on lincA-C #2 will be: . 

(Flow on lineA-C #2) + (LODF) (Flow on UncA-C •1) =-Flow on lineA-C #2 with limt&:-C •1 
out m service 

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

Figure El-E shows the clcdric: power flows oo the inlcroolllleCted systems nawmt 
fbilowing the owge of liDcA-C #l under base conditiom. 

A oezt step in the ca1cuJatioo of FCrrC 1' to dctcnnine the fraction (or pcrcal}of the 
clecttk: powcr transfer fromArcaA toAica B that appears on line A-C #2 (which is the nmnc:d 
transmission limiting 12cility) when lincA-C •1 is out of service. This fraction (or pcrc:m!lalso 
known as the Outaac'lmlScr Distribution &cror (OIDF), cm be calculated as~ 

(PTDF of HncA-C •2) + (LODP of UncA-C •1) (PTDF of lineA-C •1) = OIDF 

0.20 + (0.50) (0.20) = 0.30 or 30% 

This OIDF &ctor mcms that 30% of any power transfer from .ArcaA to Arca IJ:will 
appear on lincA-C •2 when lineA-C •1 is out of service. 

To determine the FO'I'C for clcctric power transfers from Arca A to Arca B (mum­
ing no volUgc or st2bility system limiUtiom), the diffcrcncc bctwccn the emergency thamal 
nting (El'R) of limiting lincA-C #2 (or 1,000 MW) and the fiow on limiting lineA-C-Z((>r 
150 MW) is divided by die abarc OIDF as tbUowl: . 

i 

(E11l of lineA-C #2) - (Plow oo lineA-C !2) • m 
OTDP· ·:. 

' 
l,000 MW - 150 MW .; m...1 UWJ' 

0.30 •~oaw 
I 

NEIC··- ::·· .... ·,, .. ,· '.<•.:'-» ·-· -1" ~ 
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Figure El-F (same u Figure El-C) shows the Jnadinp on die intcrconneded s,;. ~~,.:. 
tans nctwodt for the aitial line out.age condition (lincA-C #I out of service) with the 2,834 
MW Fal'C tnnsCcr .fromArcaA to Arca Bin dfect. The loading on trmsmis.Wn lincA-C #2 is 
a m emcigency tbcrma1 rating ot 1,000 MW.: . 

Calculation of FCITC-Example 1 

FCITC is the total amount of c:lcctric power (net of normal ~ power U:msfers 
plus first contingency inac:mcntal tramfcrs) that can be transferred between two an:as .of the 
ihtcrconnectcd transmission systems in a miahJs: manner based Oil the three conditions in the 
FCrl'C definition. 

·M DO scheduled transfers an: in dfcct bctweenArcaA andArca B under mse condi­
tkms, the FCITC is: 

Base Scheduled Transfers + FOTC = FClTC 

0 MW+ 2,834 MW= 2,834 MW 

·-·'" 
~-

~~ ~.~::·~ . ~.! ... : _;1 
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Figun:E2-A 
lase Conditions - &Mlple 2 

Zn StatblJM 1lllllfM 
AlllOllf .W.A. "' _, c 

Figure E2-B. 
~A to~ I rr.nsfer C..-., 

lhltlng Conditions 
2.28611/W~ Llmllfr-ArMA ., .... II 

HEIC 

Example2 

Transmission Transfer Capabllfty from Area A to Area B 
without Base Scheduled Transfen, ancf a Counterdockwlse Loop Row 

Base Conditions 

The network configuration of Example 1 applies to &ample 2. Howevc1; in 
Example 2, changes have been made to the internal generation dispatch in C2ChArca to meet a 
diticrcnt level of cmtomer demand such that a computer simulation of base system conditions 
indicates that the network will hm: a net countcrd~ clcaric power flow, or loop flow, 
of 200 MW from Arca A to Arca B toArti. C and bade to ArcaA. These hue conditions are 
shown in Figure E2-A. All of the other iDtcm>nnected network mumptioos are similar to 
E%ample 1. 

Calculation of Transfer Capablllty 
:\-

The method of determining trmsfer apability is the same as in Example 1.-' 
· Howcva; in this Example 2, computer simulation identifies one ot the two interconnection 
tn.osmi.s.sion lines bctwtcn.AreasA and B u the aitical siDgle transmission contiogcncy and 
the rcmainini transmission lioc bctwt01AreaA and Arca B u the limiting &cility. 

When the transfer capability limit on the interconnecttd systems is te2Ched, 
gcnention in.ArcaA will have inacascd by 2,286 MW and generation inArca B will have been 
deaeascd by the same amount. The loadings on the trmsmisSon paths for this !Dllimum 
transfer apability of 2,286 MW fromAreaA to Arca B arc shown in Figure E2-B. 

The fcsulting netwott Joadinp under the Out2gC of the aitial tr.msmission &cility, 
line A-B •1, for the 2,286 MW apadty tl2nS{cr from Area A to Arca B are summarized in Figure 
E2-C. No additional power trmsfcrs may be achieved fromAreaA to Area B under the condi-

. tions simulated because the interconnected systems have reached a limiting condition of 1,100 
MW on transmission lineA-B #2. 

Reporting of Transfer CapablDty 

The uansfer capability results of F.xample 2 may be reported on an area interchange 
basis or a transmiMion path basis as follows. 

a) •Arca Interchange" Basis 
In the Eastern Interconnection, the ArcaA to Area B transfer capability would be 
reported either u a First Continpc:y lncremamlTnnstcr Capability (FaTC) 
ol 2,286 MW or a First Continpc:yTotal Tr.msCc:r Capability (FC1TC) of 2,286 
Mw. FaI'C and FCITC from Arca A to.Arca Bare die same in this &ample 2 u 
no scheduled transfers aist bc:tftenAreasA and B under hue cooditioos. 

m-·--TIANSMISSION TIAHSFER CAPAllUTT . 
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FigureE2-C 
ArH A to Aru I Transfer OrpbllltJ 
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b) "'l'raosmisslon Path• Basis 

~:. 

In the Western Intcrconncctioo, only the toul tramCcr capability (FC'ITC) 
results of Eumplc 2 would be rcponcd but with a focus toward specific 
tr.msmmioo path apabilitics. The FOI'C concept is not used in the Wcstcm 
Interconnection. Under the limiting transfer conditions of 2,286 MW from.Arca 
A to Arca Band with all &cilitics in service, tt211Solis&on pathA-B has a loading 
of 1,572 MW (ligurc E2-B). For this opcr2ling condition, a higher transfer from 
/uc2.A to.Area Bon pathA-8 cannot be achieved because the single contin­
gency outage of either transmi.s,gon line A-B •1 or A-B-i would cause the : · 
remaining A-B line to exceed its emergency thermal rating. Therefore, on a 
tr:wmiMion path basis, the 1,572 MW loading oo pathA-B becomes the path 
A-B total transfer capability. which is reported as the FCITC for tnmmission 
padlA-B. 

For the tmlSfer levels simulated in this c:umplc, tnnsmis.Wn pathsA-C and 
C-B arc not loaded to their total tr.msfcr capability. 'lbcrdorc, FCITCs for these 
paths arc not reported. 

c) Interpretation of~ -
&ample 2 demonstrates the effect of a different set ofba.1c coiiditions.on the 
tnnsmimon transfer capability fromArcaA to.Arca B. By comparing Examples 
1 and 2, a·400 MW shift in clca.ric power circulation or loop flow (200 MW 
doc:kwise to 200 MW coUDlcrdockwisc because of a change in intcrml 
pmtion dispatch in the.Areas) results in a S48 MW mluc:tion in theArcaA to 
Arca B FO'I'C and FCITC tnmfcr capabilities on an ma Interchange basis. lbr. 
400 MW dwJF in base c:onditioos rcsuks in an inacasc of 72 MW iii the ·. 
FCITC of transmismon padlA-B. 

&ample 2 also illustrates that transmission tnnsfer capability bctwccn arcis 

or systems is not one number, but a range of numbers that varies with system 
operating conditiom, the aidal single c:ontingcncy (or &cility outage), and the 
limiting system &cility under the single continpcy cmxlition. 

~-· .. 
•( ':i 
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Figure E3-B 
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ExampleJ 

Transmission Tnnsfer Capablllty from Ara A to Area B 
with a 500 MW Base Scheduled Tnilsfer from Area A to Area C 

Base Conditions 

The network configur"ltion of Example 1 applies to Example 3. Under b~ condi­
tions, how~ a 500 MW scheduled power transfer aists from.Area A to Area C. Computer 
simulation of these base system conditiom ~ in the tr.msmission line loadings of ligurc 
E3-A. All ofthe other intcrcoancctcd network mumptions are similar.to &ample 1. 

Calculatlon of Tnnsfer,......., 

The method of determining transfer capability is the same as in Exaniple 1. 
Howem; in this Example 3, computer simulation identifies one of the two interconnection 
transmiAAion lines bctwccnArcasA and C as the aitical single ttansmis.Wn contingency and 
the remaining transmWion line bctwccn.AreaA and.Area C as the limiting W:ility. -

When the tr.mSrcr capability limit on the intcrconn~ed systems is reached, gcncr.a­
tion in.AreaA will have inacascd by 1,834 MW and gcncntion in.Area B will have been 
dccrcascd by the same amount The ~ on the transmission paths for this m2Ximwn 
tnnsfcr capability of 1,834 MW from.AreaA to.Area Bare shown in Figure E3-B. 

lbe resulting network Joadinp under the outage of the aitical transmission bcility, 
lincA-C •l,for the 1,834 MW transfer fromArcaA to Arca Bare swnmari7.cd in Figure E3-C. 
No additional power tr2DSfcrs may be achieved fromArcaA to.Arca B Wldcr the conditions 
simulated because the intcrconncctcd systems have reached a limiting condition of 1,000 MW 
on transmission line A-C #2. 

Reporting of Transfer CapaNUty. 

lbe tnmfcr capability results of Example 3 may be reported on an area interchange 
basis or a transDlimon path basis as follows. 

a) .. Area Intcrcllangc" Basis 
In the F.astcm Interconnection, the ArcaA to Arca B transfer capability would 
be reported either as a First Contingency Incremental Transfer Capability 
(FcrfC) of 1,834 MW or a First Contingency Total Transfer Capability (FCITC) 
of 1,834 MW.: Fal'C and FClTC fromArcaA to.Area Bare the same in this 
Esample 3 as no scheduled transfers aist bctwa:n.ArcasA and B under base· 
condidons. 

~-·ij 
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Figure EJ-1C 
Area A to Ana I Traft!i.:fs CaplbllllJ 

Under tbeCiltlal QontJngtnq 
1.BJ4.Wn..,UtrdlJmmt~A11.419 II 
ll'ilba JOOJtr&.~~frolrl 

AINA llAINC.IZnd llnltft.C<•I Olllof!llN"8 

-

·:NUC 

~·xAMPLES OF TRANSMISSld.-<'lRANSFER CAPABILIT)i (; 

-- (r .: .. ~ 
b) "Transmission Path" Buis 

In the Western lntcn:onncdion, only the total transfer capability {FCITC) results 

.. 
'1 
·---~·. 

· of &ample 3 would be reported but with a focus coward· specific trammisml1 
path capabilities. The FC'l'C concept.is not used in the Western Interconnection. · 
Under the limiting transfer conditions of 1,834 MW fmmArcaA to Arca Band 
with all &cilitics in service, transmWion pathA-B bas a loading of 1,000 MW 
(Figure E3-B). For this operating condition, a higher transfer from Arca A to Arca B 
on pathA-B annot be achieved bcc:ausc the single cootingcncy outage of either 
trammission lincA-C •1 orA-C #2 would cause the rcmainingA-C line to acccd 
its emergency thermal rating. Therefore, die 1,000 MW loading on pathA-B 
becomes the pathA-B toC2l transfer capability. which is reported as the FCITC for 
trmsnission padlA-B. . 

The corresponding FCITC of pathA-C is 1,334 Mw. Howcva; the appropriate 
coordination arrangements must be made with.Arca C for the 1,334 MW transfer 
to be made fromArcaA to.Area Baver pathsA-C and C-B. If these arrangements 
arc made, thcnArcaA could transfer 1,834 MW to.Arca B. 

For the transfer levels simulated in this example, ~on path C-B is not 
loaded to its total transfer capibility. 1bcrcforc, an FCITC for this path is ,not 
reported. ~ 

c) Interprdadon of Results 
Er.mplc 3 dcmonstratcs the cffcct of a base scbcdulcd trms{er of 500 MW from_ 
ArcaA toArca Con the transmisSon tr.msfcr capability fromArcaA to.Arca B. A 
comparison of Enmplcs 1 and 3 shows that the base trmsfer reduces the FCTI'C 
and FCITC .fromArcaA to.Ala B by 1,000 MW on an area interchange basis. 

On the tr.ansmission path basU, the 500 MW scheduled trmsfcr from Arca A to 
Arca C reduces the FCITC oftrmsmis.Wn pathA-B by 500 Mw. In Examples 1 
and 3, under cootingcncy conditions, the transmisOOn lines of patb.A-C arc 
limited by their cmcgcncy thermal l'aliJlp, therefore, the FCITC of patbA-C is 
1;334 MW in both CDmplcs. 

I , . 
i 
l 
t 
: 
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FigurcE4-A 
... Conditions - &.mpll 4 

·Example4 

1nnsmlsslon Trar~ from Area A to Area B 
with 11 500 MW Base Transfer from Area B to Area A 

Base Conditions 

~e network configuration of Example 1 applies to &ample 4. Under base condi­
tions, howeva; a 500 MW schcdu1cd power ttansfer exists from Arca B to ArcaA. Computer 
simulation of these base system cooditiom rcsult5 in the trmsm.iMion line loadings of Figure 
E4-A. All of the other intaconncctcd systems network assumptions arc similar to Example 1. 

The method of determining trmsfcr capability is the same as in Ex2mple 1. 
H~ in this Exmlple 4, computer simubtion idcntifics one of the two intcrconn~ 
trammissioo lines bctwccnArcasA and C as the critial single trammission contingmcy 
and the .remaining tr:u1Smis5ion line bdwecnArcaA andArca C as the limiting fucilit}: 

When the tr.msCer capability Uinit on the interconnected systems is rc1dled, 
gcncradon inArcaA will haft h1crcaRd by 3,208 MW and~ inArca B will h2ve . 
been dcaasc:d by the same amount. 1bc Joadinp on the trmsmission paths for this transftt 
capability of 3,208 MW fromArcaA to Arca B arc shown in Figure E4-B. 

The n:su1ting netwolk Joadinp under the outage of the aitical transmission f.aci.lity, 
Figure E4-B lincA-C #l,torthc 3,208 MWtrmm fromArcaA toArca B arc SWlllD2rizcd in Figure E4-C. 

Al'M A to A.19 I Trwfw c...,-, , No additional power transfers may be achieved fromArcaA to Arca B under the conditions 
Umltktg Conditions simulated because the intcrconncc:tcd systems have tc2Chcd a limiting condition of 1,000 

3.208 Mr7haa;i'J' ,.,.,_AlaA 11AiM• ! .MW on transmission line A-C ·#2. 
.... j<XI Mr 8-SdlltllllM~ 

Jr-AIM II l>AlmA 

- ~ -~ ..... 

NUC 

Reporting of 1Dnsfer C'.apabllty 

The tnnsfcr capability results of Example 4 may be rcponcd on an arc1 interchange 
basis or I~ path basis as .fbllows. 

a) "Area Interchange" Basis 
In the F.astcm Interconnection, the ArcaA to Arca B tramfcr capability would be 
reported either as a First Contingency Inacmcnw Transfer Capability (FCTI'C) of 
3,208 MW or a First Contingency Total Trmsfcr Capability (FCTTC) of 2, 708 Mw. 
The FCITC is the net ofthe base power transfer fromArcaA to Arca B (or -500 
MW) plus the inaemcnta1 power transfer (3,208 MW) fromArcaA to Arca B or 
2,708Mw. . 

I 
- ~ .. 

i 
~ 
j. 
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Example4. 

F"igurc E4-C 
Ara A to Ara II Tnnsfer CapabllllJ 

Under the Crltlcll Cont.lng:enq 
J,Z08 Mr»ma;W UBdfr-AINA lllAIN I 
~ • SOD M1F &zlr !icblfblJltl 'ltrzMjlr Jr­

AIN B 111 Alm.4, l1IW UM A-C •I Olllaf Sina 

-

NEJlC 

1XAMPLES OF TRANSMIS(JN TRANSFER CAPABILj 2 . 

b) "'Transmission P.lth" Basis 

- { 
'-' 

In the Wcstcm Interconnection, only the total transfer capability (FC'ITC) results 
of &ample 4 would be reported but with a focm toW3rd specific traosmisQon 
path capabilities. 1be FaI'C concept is not used in the Western Intcn:onncction. 
Under the limiting net transfer coodidom of 2,708 MW from ArcaA to Arca B and 
with all &cilitics in service, transmission pathA-B has a loading of 1,374 MW 
(Figure E4-8). For this operating condition, a higher transfer from Arca A to Arca 
Bon pathA-B C21UlOt be achieved because the single contingency outage of 
either tr.msmiwon lincA-C •1 or A-C #2 would cause the rcmainingA-C line.to 
exceed its emergency thermal rating. 1bCrcfore. the 1,374 MW loadin8 0n Pam 
A-B becomes the pathA-B total transfer capability, which is reported as the 
FCITC for pathA-B. 

The corresponding FClTC of pathA-C is 1,334 Mw. However, the appropriate 
coordination arrangements must be made withArca C fiJr the 1,334 MW transfer 
to be made fromArcaA toArca B over pathsA-C and C-B. If these arrangements 
arc made, then Arca A could tnnsfcr 2, 708 MW net to Arca B. 

For the mnsfer levels simulated in this a.ample, transmission path C-B is not 
loaded to its total transfer capability. _lbcrcforc, an FCITC for this path is not 

reported. 

c) Io.terpmatlon of Baubs 
Example 4 dcmomttatcs the cfl'ect of a base scheduled transfer of 500 MW fmr­
Arca B toArcaA on the~ transfer capability fromArcaA to Arca B. ~­
comparison of Enmplcs 1 and 4 shows that the existence of a base transfer in 
the opposite direction (Arca B to ArcaA) increases the incremental transfer 
capability fromArcaA to Arca B by 374 MW (from 2,834 MW to 3,208 MW). 

A comparison of the FClTC values of these e:amplcs shows a deaasc of 126 
MW in the Arca A to Arca B FCITC of Enmple 4 because the power transfer 
distribution factors arc not identical in both directions (ArcaA to.Area Band~ 
B to ArcaA). FCITC values may give a truer picture of the dlangcs in the ova2ll 
strength of interconnected systems when base transfer schedules arc different. 

A comparison of Examples 1 and 4 on a transmiwon path basis shows that the 
FCITC oftransmiwon pathA-B is rcduccd by 126 Mw,wbile the FClTC of path 
A-C remains unchanged at 1,334 Mw. 
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flgureE5-A 
... Conditions- !xampll 5 

FigurcE5-B 
ANa A to Arn a Trlnsfer CllplblllJ 

Llmltf.ng Conditions 

Example5 

Transmission tnnsfer Capablllty from Anas A MCI C to Ara B 
without Base Scheduled Transfers, and a Clockwise Loop Raw 

Base Conditions 

&ample 5 shows that the non-simultaneous tr.msfcr capability fromArcaA to.Area 
B cannot be added to the non-simultaneous transfer apability from.Area C to Arca B to obtain 
the maximum total simultaneous trmsfcr apability fromAlcasA and C to Arca B. 

lbe network configuntion and usumpdons of Emnplc 1 apply to Example 5. 
These base conditions arc shown in Figure E5-A (same as El-A). 

Mulmum Non-Slmultaneous Transfer Capablllty to Arel B 

1bc alculation of the maximum non-simulwlcous tnmfcr capabilities fiomArcaA 
to.Area B and from.Area C to Arca B arc dCscribcd below. ~. 

a) Non-Simultaneous Arca A to Area B Transfer Capability , 
Example 1 indicates that the maximum non-simultaneous tl'2llSfcr apabiiity 
C'C'I'C or FCTl'C) fromArcaA toArca Bis 2.834 MW on an area interchange .. 
basis. lbe litnitq or muimum network loadinp for dw ~including the· 
FCITC for tr.msmisRon paths, A-B andA-C,ac shown in Figure E5-B (same as 
El-B). E:Dmple 1 also ;dentific:s one of the two intcrcooncction trancmission 
lines bdwemArcasA and C as the critical siDgfc' ~ continpcy and 
the remaining line bdwemArcaA and Arca C as the Hmmng &cility. 

b) Non-Slmukancous Area~ to Area B Transfer Capability 
Similar to ED.mplc 1 and ming the system raponse c::bar2ctcmtics (lODFs, 
FI'DFs, and OTDFs) in EDmplc 1, the maximum non-simultaneous rransfcr 
capability .(FClTC or FC'ITC) fromArca C toArca B cm be determined as 1,716 
MW on an area intcrchangc basis. the limiting or maximum network loofingc 
for that tramfer an: shown in Figure E5-C. In this case, the aitical single tnns­
mmion c:ootingency is one of the two interconnection tr.m5mission lines 
bctween.Are2s Band C, and the limiting W:ility ls the n:maining line between 
Area B andArca C. . 

c) Combined Non-Simultaneous Transfer Capabilities 
The non-5imultaneous transfer of 2,834 MW from.Arca A to Arca B and the non­
simultaneous transfer of 1,716 MW fromArea C to.Area B CANNOT be added to 
obWn the muinium simultmcous tnnsfcr capability to.Area B. If these non­
simultancom trmsCers are added. the rcsultiDg netwmk Joactinp would be as 
·lbown in Ffiure Es-J>.; ~the IJ'mSIDissk:B UQeS of pBh C-B at 1,302 MW 

"i .>3 :;1;, .. ..;. . · adl would m:ccd tbdrnaaml.tbamal ndngaf 850 MW ml their cmagency 
. _ thermal adng_of 1,000 MW~ co ID'f *8Je mlt,,...q Similarly, the 

- ··~. · · 1 ::-:. · ·~ "!·- tmwiiissloQlfDCs(l'pd'A;;.JiilfuMWadu::n~tbdrnmmaltbcrmal 

'~·.•; ...- .. ,.· '."~··. :·:i.~ <.>r~-'·'fldnl.ol950'M\Vpnotf~hnylf#lk mud"&CIKJ. )bele f.ldlity loading condl-
• · · ... ··;·,·.= . . ,·, · :~ ,:;· ~ .. · ,~" .,- •. tloDI are ~lroafil u;rwn1sa1on 1dlabDirr pcrapcdhc and do not 

·' · ::_ ... : ·. :,. :1. :.i.; '-1.c ~F ... ···.nc:etNERC;mr mlfM!llC1ncmtitt IJRCID.plmutlfta or opwdDs ldiability 
· . crilcrla :md guides. · · I . ' . , . 

NDIC.· ·- - . •"' "'-" • ...•.. '· · '. ...,. . . . -_ ··Tl~!. ~ISsioN TIANsfu CAPABI~ 
. ···-·~· •. ,..,.._ __ ,.,._~( '" :· ~~~ . ... j~ 
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Example5 

FigurcE5-C 
Ana Clo Aru I TrMlfer CaplbOltf 

lhltlllg Conditions 

2.B3f MIV~Jr-~A l>AIH I. 
and l,'!l6MIF7rtmjlrfr-m.C1a~• 

' ) . 
·~AMPLES OF TRANSMISSlt-,rl TRANSFER CAPABILll'Y 

Mnlmum Slmultaneous Transfer Capabillty to Area B 

To determine the maximum simultmeous tnnsfcr capability from ArcasA and C to 
Arca B, the base case computer simulation of Figure ES-A is modified by incrC2sing gcncntion 
in.Areas A and C and reducing generation in.Arca B. This process continues until a single con­
tingency causes one of the remaining transmission &cilitics in service to reach its emergency 
thermal rating. In this Example 5, the computer simulation identifies one of the two intercon­
nection transmission lines bctwccn Areas B and C as the critical single transmission contin­
gency and the remaining transmission lincbetwecnArca B andArca C as the limiting facility. .. 

When the transfer capability limit on the interconnected network is reached, genera­
tion in Arca A and.Arca C will have inacascd by 2,834 MW and 184 Mw; rcspcctivcly, and gen­
eration in.Arca B will have deacascd by this total amount. The loadings on the tnnsmission 
paths for this maximum 3,018 MW simultaneous transfer to.Arca B fromArcasA and C arc 
shown in Figure E5-E. 

The resulting network loadings tmdcr the out2ge of the critical transmission .facility, 
line B-C •1,for the total simultaneous transfer of 3,018 MW from.ArcasA and C to Arca B arc 
summarized in Figure E5-E No additional power transfers may be achieved from Areas A and C 
to Arca B under the conditions simulated bcause the intcR:onnected systems have ~ed a 
Umiting condition of 1,000 MW on the remaining B-C line in the direction from.Area C to Arca B. 

Reporting of baster C..,.., '.: 

The muimum simultaneous transCct capability results of Example 5 may be report· 
ed on an area intC1'Cbaogc basis or a.tnmmission path basis as follows. 

a) •Area Intcrchange" Basis 
In the F.dcm Intcrcoonedion, the maximum simultaneous transfer capability 
from.AreasA and C to.Arca B would be reported either as a First Contingency 
lnacmenWTransfcr ~(Fare) of 3,018 MW or a First Contingency 

· Total Transfer Capability (fCITC) of 3,018 Mw. 

b) MframmJssion Path· Bu1s 
In the Wcsran Intcrcoonedion, the simultmcous total transfer capability 
(FCTl'C) rauJts of ED.mplc S would be reported with a focus toward specific 
trmsmission path capabilities. The FQTC concept is not used in the Western 
lntcrconncction. Under the limiting transfer conditions of 3,018 MW from.Areas 
A and C to.Arca B and with all W:ilitics in service, transmission pathA-B has a 
loading of 1,548 MW (Figure E5-E). For this operating condition, a higher 
combined transfer from.AreasA and C to Arca Bon pathA-B cannot be achieved 
because the sioglc coruingcDcy outage of either transmission line B-C •1 or B-C 
#2 would cause the remaining B-C line to exceed its cmcrgcncy thermal rating. 

. · · .. 1bereift, the: 1,548 MW loading oa pathA-B bca;ees the pathA-B tot2l 
··: , · ,. amsCu apabilil); which is reported u the FClTC iJr ~A-B. . 

=n'::~ .: .• · · ~~ ·::·~ <~ ~~-'FCilc'~~ c-s wou1c1 bet.'° n: Howcvero the · 

, . , __ •11 -, •••. :: ·.:t appropriatecocxdimdoa~mustbcmadewithArcaC!mtbe 1,470 

.... -

· · · ·,. ·. .. . ·:·:..;:: ·tc:r.t:-i:~~ MW tnnsCeuo &c ~ova' pA-C and C-B. If these arnngnncnts arc 
-~~- '·'~~: :-. -""'' · _, ··.: ; .. ~ :!>.; .:·.1;; ... ,. JDade.~A~~CXKlld.f?l!ftr 3~018M\1'.toArcaB. . . . . . . I 

~~~ t.--::,·:.: ~~~:i(tj ~::i • • I • 
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FlgurcE5-E 

,...==::.... 
Al9A11111 Ar'M C Trlndtn to Alu I 

1.!J4 llrf'lwll/wr ff-ANIA.,.._ A 
tlM llN llr"lt'llnt/ll' ff-AMI C .,.._a 

FigurcE5-f 
Mmnam SlmuftMIOUI 1nrufen 

to Aru I Under the 
Crttbl Contlr19111q 

2.834 MVT.,,..,., frmthw A t>.4Jm A 
llH MVTr-sp ftowlAlm C t>A1m A 

alW U.. IK •I Olltaf Sma 

NOC 

For the trmsfcr lcvds simubred in this mmple, tnmmi.Won palhA-C is not 
loaded to its total transfer capability. 1bcrdorc, an FCITC for this path is not 
~ 

c) Interpretation of Recnlts 
Example 5 shows that non-simultmeous tramf'ers from sevcra1Arc2s (Areas A 
and C) to a common.Area (Area B) CANNOT be directly added to obWll the total 
simultaneous transfers to that common.Area (Arca B). 

The table below summari1.cs the •mnfmum non-simultaneous• transfer capability 
fromAreaA to.Area B (Case 1) and fromArea C to Area B (Case 2) along with the 
•mnimum sfmubmeous•transfer capability fromAreasA and C to Area B (Case 

· 3). lnduded in this table are two other (Qscs 4 and 5) of the many combina­
tions of simultaneoin tramccr capabilities from Areas A and C to Area B that are 
pos.gble in a reliable manntt That is, within the c:omtraints of the normal and 
emergency thermal ratings of the intcrc:oonection transmission lines of the inter· 
connected systCmS network. 

• " """ .... • • • ~ "" • ,.,. ..~ .. ~- i'"I" .I.. ~. - " ":. ~ ,. ... • ...~ ;..•• ;_.,. 

~l~IMULTANEOUS TRANSFER tAPABiliTIES·FROM AREAS A~AND c::ro·AREA 8'-
• IJ"J< '!.~r • ,. .~ .. r~,. """':"" ~·.,;,~.:: ·-.· "~ ..... • ' •,.. :·" : ...... :::·"":." • 

1nnsl9' from 1'nlllflr from Crttlall baden from 
.AnaAID ANaCID CoiadligetKJ linltlng AremAmdC 

c.. &II.I Am.I ,.., ,.., lgArea 1· 
MW MW MW 

1• 2.834 0 liocA-C•l liocA-C#2 2,834 

1' 0 i116 Jh:B-C•l liocB-C#2 1,716 

3C 2,834 UM lincB-C#l liocB-C#2 3,018 

.jll 2,249 500 IJocB-C•l liocB-C#2 '2,749 ,. 500 1,447 ImeB-C•l ImeB-C#2 1,947 
-. 

I Mmmum lllllKimuluneou 1nmlcr aplbilliy lromArc:IA ID.Asa I. 
b Mmmum ~ mmlcr apabillty lromArc:a C IDArc:l I. 
C Mmmum llilmitmcoul amsCcr apbiliq lrom ArasA and C IO Ara I. 
d Onlf two d die manr canblmlionl d simultmeous lr2llSfcn lromAzal A and c IDAra B dm an: possible In a rdi:lhle 

m:mncr undadlc int.en:DllDCcted rysram DClWOd(1 cwsualna. 
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EX:.J PLES OF TRANSMISSIOfi;-~NSFER CAPABILITY 

1bc pcmible simultaneous tnmicr capabilities fromAreuA and C to Area B arc shown 
grapbicaily in Figure E5-G to iDustme tlw simultmeom tr.msf'cr ~cs arc multklimen­
sioml quantities. The tmurcd area repiaents those combinadoos dAleaA to Alea B and.Arca 
C to.Arca B transfers that can be scheduled simulWleously without Cl'cecding the FCJTC crite­
rion. Because of this dw2ctcristic, simultaneous tnnsfcr capabilities arc more difficult to 
quantify and dcsaibc than non-simultaneous tnnsfcr capabilities. 

·-::t: . ~ ·. · · . ' . · .. FIGURE ES ,. . . . · ·· · · ' . · 
~oi"" .. .._+1"

1
r • ,. .. - .... • - • ' -U ~.. ··· • " "· ~· ~ .. •.J,.,'<.>'_, 

:~:i¥~t:~ .. ~: :.· ·";_~~·~· .. '~IMULTANEOUS TRANSFER CAPABILITIES --::J!.~\;· "::· .... , .! . 

. ' :·,;_;;;.· :.. . · :--:_ ': FROM AREAS A AND C.TP AREA B {MW) : •. ,:, ·.' ' .. :'-'; 
.... , '""· ,_. . " " .. 
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Figure E6-A 
Bae Conditions - bamplt 6 
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Example6 

Transmission lnnsfer Capablllty from Area A to Area B 
with a 1,000 MW Base SchedUled n3nsfer from Area C to Area B, 

. md a Spedal Prvtectlon System Installed 

Base Conditions 

The network configuration of Eumple 1 applies to Example 6. Under~ condi­
tions, h~ changes have been made to the intcmal genmtioD dispatch and the level of 
customer demand in each.Arca such that the network will have a net counterclockwise dcc­
Uic power flow, or loop flow, of 240 MW. from Arca A to Arca B to Arca C and back to ArcaA. 
In addition, a 1,000 MW scheduled power transfer exists from Arca C to Arca B. The resulting 
base cooditions arc shown in Figure E6-A. AD of the other interconnected systems network 
assumptions arc similar to &ample 1. 

. ;.,; 
~- . . ; 

The method of dctcrmining ttmsfcr capability is the same as in Example t_:.. 
However, in this F.umple 6, the computer simuladon identifies one of the two intcrcODDCCtion 
tnnsmis.!ion lines between Areas A and Bas the critial slnglc tnmmission contingency and 
the remaining transmission line bctwccnArcaA and.Arca B as the limiting &cility. 

When the uansCer capability limit oc. the intcrconncctcd systems is reached, genera­
tion inArcaA will have inacascd by 1,786 MW and generation in.Arca B will have ~ 
~by the same amount The Joadinp on the tr.msmisSon paths for this maximum 
transfer capability of 1,786 MW fromArcaA to.Arca B, with the scheduled trmsfcr of 1,000 
MW fromArca C to.Arca B in eff'ea, arc shown in Figure F6-B. 

. The resulting nctWOfk loadings under the out2gC of the aitical transmis*>n &cility, 
line A-B •1, .fOr the 1,786 MW trmsfer !romArcaA to Arca B arc summarized in Figure F6-C. 
No additiooal dcctric power trmsfcrs may be achieved fromArcaA to.Arca B under the condi­
tiom shmifatcd became the intcrconncctcd systems have n:ached a limiting condition of 1,100 
MW on ttammissioD lincA-B #2. 

Spedal 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 clcc­
Uica1 f.lults. For CDDlple, some SPSs arc designed to trip (or rcmovc from service) generators, 
pumped stongc units, or transmission &cilides under a set of carefully defined system concJi. 
tioos.. 

.:. : ,.. ~:: .. :; 
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Figure E6-C 
Alu A to Aru I Tr111sfer CapabHlty 

Under the Crttkal Contingency 
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r~AMPLES OF TRANSMISSI · )TRANSFER CAPABlllTV 
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If it were feasible to apply and inslaD an SPS on the intcn:onncctcd systems~ in:{· 
Emnple 6, it might be pos.gble to inaca.sc: the lewd of transfer capability on the nctWOrk. For ., ·· 
cmnplc, if an SPS were installed to prcvcot, under the owge of cithc:r lineA-B •1 or A-B #2, the 
intmupted power flow on either lineA-B #I or liocA-B •2 from immediately shifting to the 
other mnainingA-B line, the transCcr apability fromArcaA to.Arca B could be inacased until 
lincsA-8 •l andA-B •2 each reached their nonml thermal rating (a5QJD1Cd to be 950 MW) or 
some other single conting'Cncy in the network rcsu1tcd in another transmission f3cility reaching 

· its emergency thermal rating. 

To eliminate the potential overload on the limiting tran.smis.sion lineA-B •l or line 
A-B #2, the SPS would need to be designed to readjust system cooditions immediately following 
the OUt2gC of lincA-B •l or lincA-B •2 so that the mnainingA-B trmsmWion line docs not 
exceed its 1,100 MW emergency thermal rating. 

If such an SPS could be appropriately applied to the example network, the tramfcr 
capability from Arca A to.Arca 8 could be incrcaKd by 330 MW from 1,786 MW to 2,116 M\v, 

with the 1,000 MW scheduled transfer from.Arca C to.Arca Bin c:ff'cct. The loadings on the 
transmission paths for this maximum 2,116 MW tramfer fromArcaA to.Arca B arc shown on 
Figure F.6-D. llncsA-8 #l andA-8 #2 would~ to 885 MW each from the 786 MW level 
shown in Figure F.6-8. 

Under the inacascd transfer conditiom, the outage of either transm.is.Wn line B-C •I 
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 lincsA-B •l andA-B #2, rc:spectivdy. For this aitical outage condi­
tion, transmission lincsA-B •l andA-B #2 would each be loaded to 1,100 MW (885 MW plus · . 
215 MW), their emergency thermal ming, as shown in Figure F.6-E. '~ 

Under the conditions of Figure F.6-D, the outage of either tran.mll.s&on line A-B •l or 
A-B #2 would result in an immediate shift in flow of 354 MW ( 40% of 885 MW) to the rcmin­
ingA-B tr.msmission line. For this aitica1 outage condition, the mnainingA-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 bas been ~ed to have been installed for the outage of either trammission 
line A-B •l or A-B •2. 1bc SPS is designed such that under these transfer conditions and with 
the outage of either lineA-B •1 or A-B #2, 330 MW of gencr.ttion inArcaA would be automati­
cally tripPcd (or rcmoml from scrvic:c) and 330 MW of pumping load in.Arca B would be · 
simultaneously rcmaml from scrvk:c. 1bcsc SPS comrol actions will bring the network back to 
its transfer limit of 1,786 MW fromArcaA to.Arca B,and will reduce the loading on the rcmain­
ingA-8 transmi.Won line to its 1,100 MW emergency thermal rating. All other W:ilitics will also 
be within their rcspectivc emergency thermal ratings. The rcsulling ~on the tr.msmis­
sion paths when the SPS bas been activated arc shown in Figure F.6-C. 

Reporting of TrmlSfer CapahDlty 

The transfer capability results of &ample 6 may be reported on an area intcrcbangc 
basis or a transmission path basis as fi>llows. 

a) •Area Inta'chaoge" Bait 
In the &stem Jntaaxmcdion,ilr the hue amdidom asmmcd and with a 
special protection system fn effect, tbeArcaA to.Arca B tranS'cr capability would 
be reported .either as a First (udi1igaq IDcmno ,,,, nansca Qpability (FCITC) 
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"EXAMPLES OF TRANSMISSION TRANSFER CAPABILITY 

of 2,116 M\V or a First Comingcnc:yTotal'Il'msfcr Capability (K:l IC) of 2,116 
Mw. Use of the SPS would be noted in the reporting of tbcsc trmsfcr apabilities. 

b) "Tran.mdsslon Path• Ham 
In the Wcstcm Interconnection, only the total transfer capability (FCITC) 
results of Enmple 6 would be reported but with a focus toward specific 
transmission path capabilities. The FO'fC concept is not used in the Western 

· lntercoMcctiolL Under the limiting transfer conditions of2,116 MW from.Area 
A to.Arca Band with all f.acilities in service, transmisSon pathA-B has a loading 
of 1,770 MW (Figure F..6-D). For this operating condition, a higher transfer from 
Att:aA to.Arca Bon pathA-B cannot be achieved became the single contingency 
outage of either ttaDsmis&on line B-C #l or B-C #2 would cause lincsA-B •1 
andA-B #2 to aceed th~ rcspcctive emergency thermal ratings. Therefore, the 
1,770 MW loading on pathA-B becomes the pathA-B total capability, which is 
reported as the FCITC for pathA-B. Again, usc of the SPS would be noted in the 
reporting of these ttansfer capabilities. 

The corresponding FCITC of path C-B would be 1,346 MW, However, the 
appropriate coordination arrangements must be made with Alea C for the 1,346 
M\V transfer to be made fromAlcaA to.Arca B over pathsA-C and C-B . .If these 
amngcmcnts arc made, then.ArcaA could transfer 2,116 MW to Alea B .. 

For the transfer levm simulated in this mm.pie, ttansmission pathA-C is not 
l'ladcd to its total tramfcr capability. Therefore, an FCITC for this path is not 
rq><>rted. 

c) Jntcrpretation of Becnlts 

F.Dmple 6 demonstrates the usc of an SPS to increase the transmiWon ttansfcr 
capability from.ArcaA to Alea B. On an area interchange basis, the SPS increases 
the trmsmission tramfcr capability from Arca A to Alea B by 330 MW (from 
1,786 MW to 2,116 MW). It also inacascs theA-B ttansmis.sion path total 
ttamCcr capability by 198 MW (from 1,572 MW to 1,770 MW). 

SPSs an: highly sophisticated and compla schemes that depend on multiple 
data inputs, good communiation cbannels, and reliable equipment. Thcit 
applicatiom an: limited and dedrlc system specific. Operators must be alert to 
the cooditioos tb2t create the need fbr SPSs,d1c consequences of SPS misopera­
tion, and the established criteria and guidelines under which SPSs were 
designed and an: to be opcnred. 

., .......... · .. .i . 
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AD area comprised of an dccuic system or sysrans, bounded by interconnection metering-an~ .. 
telemetry, capable of controlling its gcncr.ttioli ID maintain its intcrchangc schedule with other 
control arca.S, and contributing to frequency rqulation of the Interconnection. A control area 
mmt be able to: 

• DirectJy control its generation to comnuously balance its actual interchange and 
scheduled intcn:hangc, and 

• Hdp the entire Interconnection rcplatc and stabilil.C the Interconnection's 
a1tcnwing current frequency. 

The term for all activities or programs underuJr.m, by an elccttic systcm or its customers to 
influence the amount and timing of dcctridty'ISC. 

•Indirect Demand-Side Management. - Programs such as conservation, 
improvements in efficiency of elcc:ml energy use, rate incentives, rebates, and 
other similar activities to influence cr indircctJy control dectridty use. 

• Direct Control load Management - The magnitude of cmtomci- demand 
that can be interrupted by direct cOdml of the system operator by interruption of 
the dccuic supply to individual applimces or equipment on cmtomer premises. 
This type of contro~ when used by U!i1itics, usually involves residential cmtomcrs. 
Direct c.onttol Load Management u tined here dpes not indude Interruptible 
Dt!wand. 

• Interruptible Demand -The m:.gpitudc of cmtomer demand that, in accor· 
dance with contractual ai'rangcments,an be interrupted by direct control of the 
system operator or by acdon of the cmomer 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 (rcmotlf tripping) with or without notice to the 
customer in accordance with contrmual provisions. lntcmJptible Demand as 
defined here does not include Dirca€0ntrol load Management. 

Measures of the electrical dfccts of an dectricpowcr trmsfer on system f.lcilities or an outage 
(or removal from 5Cl'Vice) of a system bcility mdemcnt on the remaining system &cilities. 

• Une Outage Distribution FactiC (LODF) -A mc:asurc of the redistribution 
of dectric power on rcmaiDing sysmm b.cil:ities caused by an outage (or removal 
from service) of another system fldity, expressed in percent (up to 100%) of the 
prc:<ontingcncy dectrical loading m the outagcd &cility. 

•Power Transfer Distribution hctor (PTDF) -A measure of the responsive· 
ncss or dwlgc in dcctrical loadinpon system &cilitic:s due to a change in dccuic 
power transfer from one area to amtha; cxpres5Cd in percent (up to 100%) of the 
change in power tramfcr. The Plm'applics only tDr the pre<Ontingcncy configura­
tion d the sysrcms under saldy. 

•Outage Transfer Distribution Factor (01DF) - 'l'bc dectric power mnsfcr 
distribution .factor (PI'DF) with a spccifk: S)'!l.CDl &dlily rcmuvcd from service (out· . 
aged). 1'bc OIDF applies only tDr tkpost-<XJ11ci'V""Y coofigumion of the systems 
under study. " . 

TIANSMISSION TRAHSF£I CAPAaaUTY 
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Electric System 

Fadllf;y Ratings 

Forced Outage 

Interchange 

•Distribution (or Response) Factor Cutoff -The sugcstcd minimum 
Jevd ot magnitude of the line OUl2gC distribution &ctor (IDDF), the power 
transfer distribution &ctor (PI'DF), or the &dlity out2ge tnosfer distribution &ctor 
(OTDF) comidercd sigoifiam and used in tnnsfcr capability alcul2tiom or other 
system analyses. l.ODfs, Pl'DFs, or OIDFs below 2-3% gcncr.ally should not be 
comidcred in determining tramfcr apabilitics. 1bc suggested distribution (or 
response) factor anoffs should not be univmaily applied without good engineer­
ing judgment. Any critical &cility with a distribution (or response) &ctor below 
the cutoff should still be closely monitored in the analyses to cmurc its limits arc 
not acceded and dm ~reliability will be maintained 

1be generation, traosmiMion, distribution, and other &dlitics opmtcd as an dcctric utility or 
a portion thcrcof 

The upoatioual limits of an dcaric system &dlity or~ under a set of specified cooditiom. 

• Nonnal Rating -The ming as defined by the &cility owner that spccifics the 
1cvcl of clccttical loading (gcnmlly ap~ in mcgawattS or other apprOpdate 
units) that a &cility an suppon or withstand through the daily demand cycles with­
out km of equipment life of the &cilily or equipment imolved. 

•Emergency Rating -The rating as ddincd by the &cility owner that spccifics · ,. 
the lcvd of dCdlical loading (gcncnily apresKCI in megawatts or other appropri-
ate units) that a &cility can support or witmtmd for a period of time sufficient for 
the adjmUncnt of trm.!ler schcduJcs or generation dispatch in an orderly manner 

· with acceptable km of equipment life, or other physical or safety limitations, of the 
.facility or cquipmait imoM:d. This ming is not a continuous rating. 

AD unp°lanncd &cility f.lilure or other system conditioo that. requires that the Wlcd &.cility (or 
por1ion of the system) be~ or rrmoml from service to maintiin the operational 
imqrity of the 1c11uaining clectrial system &cilitics and to limit damage to the .&ilcd &c:ility. 

Opcratiooal term for electric power that flows from one control area to another. •1ntcr­
c:bange• is synonymous with "tnmfcr.9 . 

•Actual lnterdlange - Mctcrcd dcctric power that flows from one control area 
to another. 

,. : · . · .' ·· ; . :.~~=~ :·;. -~~"' .. \:· ..... ~-::-···c.h"!! .:_- :--~·~.rn ~fC . 
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Interconnection 

Maintenance Outage 

NonutDity Cenerator 

Operating Procedures 

NERC 
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Parallel Path Row 

Peak 
Internal Demand 
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When apit2lizcd (lntcrconnccdon), any ooc of the four major intera>nncdcd UC2S of NF.RC, '" 
which are comprised of ooe or more of the dcctric systems in the United SC2tcs and Canada: 
the &.stem lntcrconnecdon, the Western Imm:onncction, the Quebec Intcrconncaioo, and the 
EROOf Interconnection Wbc:n not capitalh:ed (mtcrconnection), the &cilities that connect two . 
dcctric systems or control~. 

The planned removal of an dectrial &cility from service to perform work on that facility so it 
can continue to adequ2tdy paform its system function. 

Facility for generating dcdricity that is not achSvdy owned by an dectric utility and which 
operates conncctcd to an dcctric utility system. · 

A set of policies, pl2Cticcs, or system adjustments that may be automatically implemented, or 
manually implemented by die system opemor within a specified time frame, to maintain the 
operational integrity of the imcrconnectcd c1cctric systems. These actions or system ad;t$· 
mcnts maybe implemented in anticipation of or following a system contingency (bcility out2ge) 

or system disturbance, and include, among od1crS, opening or dosing switches (or circuit break­
ers) to change the system amfigumion, the redi!patdl of genendon. and the implcmcntmon of 
Direct Control Load Mamwmcm ar Interrupcible Demand propms. 

•Automatic Opentlng Systems - Special protection systc:mS (or remedial 
action schemes) or other. operating systrms installed on the dcctric systems that 
require no intmmtjon OD the part of system operators for their operation. 

• Nonnal ~ontlngency) Operating Procedures - Operating procedures 
that are .nornWly imoked by the system opcmor to a1lcviatc potcnti21 bcility ovcr­
Ioam or other potential system problems in anticipation of a contingency. 

•Post-Contingency Operating Procedures - Opcrating procedures that are 
imokcd by the syscm opmtor to mitigate or allcviatc system problems after a 
contingency Im occurred 

1bc flow of electric~ on an dearic system's transmission .facilities resulting from sched-
uled electric power transfers between two other dcctric systems. · 

The peak hour intcpcd dmiar>d that includes the demanm of all cmtomcrs that a system 
serves, the peak dcrmnck of the organlzat~·):;rovidlng the dectric service, plm the lows 
fnddcnral to dm senicc. lntaml Damnd II IHO"tbc sum of tbemCtcred (nd) OUlpJIS of all 
gr:ncratorS within the sysran·mtttbe mdaed ima'O .~ Bric flows ioro the system, lcD 
the mcta'cd intcrcooncaion line flaws out of the sysrrm. 1be cfcimand of Sl2don services or 
amiliary needs. (such as f.m IDOb(pump ·modn, and otbcr equipment cscmtial to the 
opmtioo of jcnmdllgmb) II not indndal:bu~m. . l 
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Reactive Power 

lntcma1 Demand iq>rCSCDlS actual cmtomcr demand and, thcrdorc, is net ol (reduced by) 
utility indirect demand-side management (DSM) programs. In contnst, Intemal Demand is 
gcncnlly Dal reduced by din:ct c:omro1 DSM programs such as Direct Comml Load Manage­
mcm or Interruptible Demand. H~ the rq>rcscnwion of direct control DSM programs 
depends on specific conuact terms and the pncticcs of the individual dearic systems 
employing these types of progr21DS. 

The ponk>n of dCdridty that oublishes and snctiins the dccttic and magnetic fidds of 
aJtcmat.ing current equipment Reactive power must be supplied to most types of magnetic 
equipment, such as motors and trmsfixmcrs. It also m.u.1t supply the rcactivc kmcs on 
~ f.lcilltics. Rcactivc power is provided by generators, synchronous condensers, 
or clcctrosWic equipment, such as apadton, and directly influences dcciric system voltage. 

Rellablllty ,. Electric system reliability can be addressed by considering two lmic and functional aspects of 
the dcaric system - adequacy and security. 

Single Contingency 

Special Protection­
Systems (or Remedial 

Action Schemes) -
Study Criteria 

System hdllty 
(or Bement) 

: . . ~: . 

•Adequacy - The ability of the dcdric system to supply the aggregate ekctrical 
demand and energy ~cnts of the customers at all times, t2king into account 
schcrfn!cd and unscheduled out2gCS of system &cilitics. 

• ~ - The ability mtbc dcaric system to withst2nd sudden disturbances -
such as dcdric short dn:uils or uoantidpatcd loss of system &cilitics. 

The sividm, unapccrcd &ilurc or outage of a system f2cillty or dCmcm (generating unit, 
trammi.9!ion line, tramfmnCI; ~). 

Fdilding, 111tomated relay con6guradom designed to pcrlorm system protection .functions 
other than the isolation m clcctrical &ult!. 1bcsc systems may be med to inae2SC trmmlisSon 
tramicr capability under spcdficd cooditiom. They may also be med to permit higher loading 
lcvds OD the imcrconncctcd trammisSoD. systems in those inmDces where additional &cilitics 
cannoc be built or hm: been ddaym. 1bcir appliation is system spcdfic. 

The planning and operating reliability aitcria or guides that arc used in determining the amowu: 
of dectric powcr that can be rdiably transt'crred. 

Any aenaatiug unit. transmiWoo Bor,~or ocher piece m dedrial equipment 
ama• ish• ~ ~ SJllCCllL:: -. ... ;~.u~•-' ~ .,lt_~'~ · 
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'transfer Capablllt, 
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'lbc mCl.U'C of the ability of imm.'onneacd cledl'ic systems to n:1iabJx m<m: or mnsfcr 
dcaric power (JCllmlly mC&Jred in megawatts) from one area to another area by wzy of 
ail trmsll1iBon lines (or palm) bd:wecu those arclS under specified system condidoos. In rim 
comm, area refers to the mnfigurmon of gcncrating stltiom, switching stmoos. subswiom, 
and connecting ~ lines that may define an individual electric system, power pool, 
cmmol area, subregion, or Region, or a portion thermf 

• Rnt Contingency Incremental Tnnsfer Capability (FCITC) -The 
amount of clccttic powc:i; incremcnral above normal base power transfers, that 
can be trmsfcmd OV'1" the intcrcooncctcd transmission systems in a miablc 
manner based on all of the foOawiDg mrvtitkms: 

1. For the cmting or planned system configuration, and with normal (prc-contin­
gcncy) qicrating procedures in dfca, all &cility lnadings arc within nonml 
nrings md all volt2gcs arc within normal limits, 

2 The clctUic systems arc c:apablc of absolbing the dynamic power swings, and 
mnaioq st2blc, ibllowing a disturbance that results in the loss .of any single 
dccttic system clement, such as a trmmrission line, transformer, or generating 
unit,amf 

3. After the dynamic power swings subside foDawing a disturbance that results in 
the kmd any single ckdric system clement as described in 2 above, and after 
the opmtioo of any mtoomic opcxatiug systcmS, but before any post<Olttin­

gmcy ~system adjmtmcnts arc implcmcntcd, all transmission 
·facility loufin&5 arc within cmcrg!UlCf ratinp and all l'Ok2ges arc Within 
emcrgcncy limits. 

• Nonnal Incremental Transfer Capablllty (NITC) -The amount of electric 
power, inacmcnw above normal base power tnmfcrs, that can be transferred 
bctwccn two arc2S of the interconnected transmission systems wldcr conditions 
where prMODlingcncy loadings reach the normal thermal rating of a .facility prior 
to any first c:ontingcncy uanst'cr limits being ~ed. When this occurs, NlTC 
tq>laca fOTC as the most limiting tnmCcr capability. 

•Ant Contingency Total Transfer Capablllty (FCTTC) -The toul amount 
of dcctric pawcr (net of nonml base power tranS'crs plus first contingency 
inamlcntd tr'.llWcrs) that can be transfcm:d bctwecu two ~ of the intcrcon­
ncacd ~ systcms in a~ manner lmcd on conditions 1, 2,and 3 
in the Fal'C definition above. 

• Simultaneous Transfer Capability -The amount of electric power that can 
be reliably transferred bctwccn two or more areas of the interconnected electric 
systems as a .function of one or more other dcctric power transfers concum:ntly 
.iD.df'Cd. 

. ,• ···~. '.· .. •-:; .. ,. 
~.. ,.··.;: . .,. • I . .. ,,;, 

•Non-Simultaneous Transfer Capablllty ~ 'lhe lino.mt~ clcadc power 
dw can be rcli2bly trmsfcrrcd bd:ween two areas ~the intm:oDncctcd dcc:tric 
systems when other concum:nt normal tmc powu tramfcrs arc held constant. 
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Transmission Path 

Transmission System 

Transmitting Utfllty 

• Economy Tnnsfen - Ecctric power that is scheduled and reliably tram­
fcrml betwcco two areas or entities in the short term, or on the spot owtct, 
to take advamagc ol the~ in the cost of dcctric power bctwccn the 
entities, thereby reducing opcnting costs and providing mutual benefit. 

• Emergency Transfen - Plcctric power that is scheduled and reliably trans­
ferred from an an:a with suflidcnt generating apacity margin to an area that 
has a temporary deficiency of generating apacity or other dctidt system 
condition. 

• Scheduled Transfen - Ecctric power that is scheduled, by or through 
control areas, to be reliably trmsfcm:d between buying and selling areas 
orcmidcs. 

• Nonnal Base Power tnnsfen - Electric power transfers that arc consid­
ered by the c:lcctric systems to be rqmscntltive of the base system conditions 
being analy7.cd, and which arc agreed upon by the parties involved. Other 
transfers, such as emergency or economy transfers, arc usually acludcd. 

.An dcctrial conncctiOn, link, or line consisdng of one or more paralld tr:msmission . 
demcms bctwccn two areas of the intcrconncctcd clcctric: systems, or portions thereof. 

A network of transmission lines and the switd'Jng st.ations and substations to which the 
lines arc connected. 

Any dcctric utility (e.g., bm:stor~ coopcndvc. municipal or swc agency), qualifying 
_ cogmcration W:ility, qualifying mWl power production .facility, or federal power marketing 
apcy that owns or operates dcdric power~ &cilitics which are med for the 
sale of clecttic energy at wholesale.. 

Voilage LhiUts 1bc vohagcs within which the interconnected dcctric: systems arc to be operated. 

• Normal Voltage Umlts -The operating voltage migc on the interconnect­
ed systems, above or below nominal wltage and gcncnlly expressed in kilovolts, 
that is acceptable on a sustained basis. 

• Emergency Voltage Umfts -The operating volt2ge range on the intcrcon­
ncacd 5)'5tCID5, above QI' below nomim.1 volt2gc and gcncrally ~ in kilo­
voks, that is acccpublc ~ ~.dme ID~ for system .adju.mncnts to be 
madei>Bow a .. . ., -··or· . ~ . 
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lincoln FJccttic System 
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North American Electric Reliability Council 

-
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FOREWORD 

The North American Electric Reliability Council {NERC) is the principal organization for coor­
dinating, promoting and communicating about reliability for North America's electric utilities. 

The Council wu formed by the electric utility industrY in 1968 to promote the RELIABILITY 
of bulk power supply in the electric utility systems in North America. NERC consists of nine Regional 
Reliability Councils and one AfBliate encompassing virtually all the power systems in the United 
States and Canada, and the portion of the Mexican system (Comision Federal de Electricidad) which 
is interconnected with California. 

This document has been prepared by NERC u a reference to establish a basis for increased 
consistency of reporting and analysis of the various components of demand and capacity. In the 
development of the document, NERC has recognized the need to establish common definitions 
based on sound engineering principles, in a form common to the industry and understandable to 
the informed public. 4 .. 
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I. INTRODUCTION 

4 

The terms '"capacity" and "demand" have come to mean different things to different 
people. There are differences. in the way that electric power system capacity is determined. 
Demand is also_ handled differently by different systems. Differences exist among systems in 
their reporting of interruptible demand, conservation effects, CUltDmer-owned generation and 
its associated demand, and third-party arrangements. There are aim differences in the treatment 
of intersystem purchases and sales, and whether they should be considered a part of system 
capacity or demand. 

As noted in the Foreword, NERC has recognized the need to upress capacity and demand 
in a consistent form, common to the industry and understandable by the public, without 
sacrifice of technical accuracy. One way to make something monunderstandable is to-assure 
that everyone uses the same definitions. Capacity, demand and flleir derivatives would then 
become more understandable to the public, the industry, the govemment and regulators. It is 
recognized that individual systems may be committed to a partimJar definition through con­
tracts or agreements. However, the use of different definitions for different purposes should 
not prevent the use of a single accepted definition for NERC repmtina. 

This report descnbes the components of capacity and demand.. and how difl'erent SJStems 
aggregate those components. The resulting differences in determining capacity and demand 
exemplify the effects of the non-uniformity. A series of reporting procedures is established,, 
relating to the definitions or components of capacity and dem.md. The report is primarily~ 
planning oriented, dealing with demand and capacity considerations in the future. but also 
includes aspects of operating viewpoints. 

A Glossary of Terms used in the report is included u Appmdix B~ 

Ct\PACl'IY AND DEMAND­
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' . • D. REPOR1'1NG PROCEDURES 

A prerequisite to uniform reporting of capac­
ity and demand within NERC is the establishment 
of a basic philosophy from which all reporting 
will be derived, and which can be the basis for 
later dec.isiions on questions not specifically co­
vered by lt!his document. 

The p!Wosophy used by NERC is expressed 
in the follGwins statements, listed in order of im­
portance: 

1. The reporting should be based on sound en­
ginemng principles. 

2. Followiing the reporting procedures will result 
in increased consistency in reporting and 
analyses. 

3. The procedures should be flexible to accom­
modate system and regional differences. 

4. The imocedures should reflect the philosophy 
most common in the industry. 

5. The plIIOCedures should be understandable to 
the i.nf11:>rmed public. 

In addftion to being based on the above state­
ments, NERCbelieves that the following principles 
(or characteristics) should apply to all reporting 
procedures: 

• Any soW"Ce of electrical energy which adds to 
a system's general.U.ig capability will be consi­
dered as capacity. 

• Any dmce which uses electrical enersy and, 
when amnected to a system, requires an in­
crease in tbe output of that system's capacity, 
will be considered as demand. 

• Any purdlmse or sale of generating capacity will 
be treated.as an adjustment to a system's capac­
ity, regantiess of the degree of reserve provided 
by the sder.-. 

• Reported demand should be that reasonably ex­
pected toioccur; and, consequently, reported ca­
pacity should be that expected to be available 
to meet ~t demand. 

NERC considers the following reporting pro­
cedures to lbe based on the philosophy and princi­
ples just described. A summary of the basis for 
each of these is included below; a full discussion 
is included in Section m - Demand Concepts, in 
Section IV -- Capacity Concepts, or in Section V, 
Reporting and Use of Capacity and Demand Data. 

- • 
t. Peak demand 1boald be determined and 

foncut hued OD the 8111"91adoa of cola• 
cideat monthly peab or boa.rly data. la 
conformance with the guidelines 1181 forth 
by the Load Forecutln1 Tuk Force. 

One objective is to aggregate historic demand 
data for regional councils on a coincident 
basis; hourly if such data is available, daily 
or weekly, but no more diverse than a 
monthly basis. Forecasts should be prepared 
on a basis as consistent to that objective as 
practicable. 

z. The effect. of dfrectly-c:ontroUed load man· 
a1emeat •hould be treated probabllisti· 
cally u deductfou from demand rather 
than u addttlou to capacity. 

Interruptible loads and other load manage­
ment schemes by which the system operators 
can remove (or cause removal of) power-con­
suming devices from the power syitem 
should be considered probabilistically as sub­
tractions from demand, since these schemes 
disconnect devices which consume power 
from the power system and do not in any way 
generate or produce electric enersy. The de­
duction for load management should be based 
on the actual reduction in demand expected 
as a result of the implementation effort. 

3. 'J'be demand of• ilOD-utfllty 1Anttntor, If' ft 
nceect. fU 1eaeratfoa. 1bould be Included 
la laternal .,.tem demand. If the genera· 
tion of tbe non-utility generator exceedll ill 
demand. thl9 net generation. when recog· 
med and de~Dwmle u eyiilem capacity, 
•bould be Ht forth nparataly and Included 
u a component of capadty. However, to 
the meat dnta .. IMillable. tbe 1eaeratloa 
of a nOD•utillty lltDerator that g recognized 
and dependable u system capacity should 
be Rt forth 1eparately and Included u a 
component of .,.tem capacity, and the de­
mand or nch • generator •hould be In· 
eluded la Internal IJ'Wfem demand. 
Including 12et demand of a non-utility 
generator as part of internal system demand 
or 12et generation as a component of system 
capacity is the simplest ~pproach, and is 
based on data most likely_ fo be available. In­
cluding the total demand and tota/generation 
of a non-utility ·generator would reflect the 
proper difference~ 'and make it clear. that the 

• ·'1 -•,· ;.-.:. •• 
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generation of the non-utility generator is rec­
ognized and is a dependable component of 
system capacity. In many cases. however, the 
"total" data would not be available. This rec­
ommendation ·recognizes that these two ap­
proaches are needed. 

4. When •ignlftcant. the amount of standby 
power expected to be •applied at time of 
peak •hould be Included either In the fore­
cut of Internal demand, or added u a 
Hparate component of demand. 

Some systems have arrangements which may 
require the supply of backup or standby 
power to customers at any time. If the ex­
pected demand for standby service by such 
customers at time of peak is not normally in­
cluded as part of internal demand, it should 
be added as a separate component of demand, 
giving due consideration to the probability of 
having to serve this demand at time of peak. 
This is in the interest of developing a total 
internal demand figure representative of the 
demand expected to be served in a specific 
time period. 

s. Net capacity mhould be reported. I.e., ca­
pacity available after deduction of nation 
or amillary Hrvlce. 

The practice followed by most systems is to 
sum the net capacity figures. While gross ca­
pacity could be summed to give total capacity, 
and station service could be included in sys­
tem demand, without affecting margin (the 
difference between capacity and demand), the 
ratios of margin to capacity and margin to 
demand would be cbansed. Thus, the recom­
mendation to use net capacity is based on the 
need for consistency u well u on the basis 
of followi.pg the most common industry prac­
tice. 

I. Seuonal wrlatlom In capacity •hould be 
comidered m determining total .,stem ca• 
paclty. 

Differe11C81 In unit capacity due to variations 
in ambient air, coolilig water temperatures, 
or water availability for certain types of hydro 
units should be considered in determining 
system capacity available at the time of ex­
pected system, pool, or regional peak; e.g., 
unit ratings developed for hot weather condi­
tions should be summed by those systems pre-
dicting summer peaks. · 

7. Aa appropriate reduction •hould be made - '~ ·· 
far llmlted-eaeraJ 1eneraUoa Marc .. bJ 
the reportfas ntlty. 

The capability included f'or stored hydro or 
pumped hydro imtallations should be based 
on ability to generate Oft? daily or weekly 
peak periods. Wind and solar capabilities 
should be hued on the most probable wind 
velocities and cloud conditions at the time of 
the expected system peak. Again, the underly­
ing principle is to be certain that the capability 
shown will be available under conditions ex­
pected to prevail at peak times. 

a. AD capacity tnmucdom. Including thoH 
where the HDer provides the resene, 
•hould be treated u adlutmenb to capac• 
ity. . . 

Short-term energy transadions are not con­
sidered in determining system capacity. Some 
long-term energy transactions may be consid­
ered as adjustments to capacity, particularly 
those in which a stated number of megawatt­
hours is to be delivered over specified periods 
of time in the future. 

There are two basic types or capacity transac­
tions: reserved (or 'firm'), where the seller pro­
vides some degree of resene;. and unreserved 
where the buyer must pnwide the reserve for 
the purchase. There are valid reasons for con­
sidering a fully'reserved (firm) capacity pur­
chase as an adjustment to demand: because, 
by providing both capacity and full reserve, 
the seller is essentially assmmiilg responsibil­
ity to serve a portion of die: buyer's demand. 
However, the Task Force chose to recommend 
treating both types of caplCity transactions as 
adjustments to capacity iJr. three reasons. 
First. there are comparalhefy· few fully re­
served capacity transactiuns at the present 
time. Secondly, it was antfdpated that there 
would be industry oppositiOn: to. the concept 
of adjusting. demand on die basis of reserved 
capacity transactions. Fmally, for consis­
tency, it is desirable did reserved capacity 
transactions be reported to NERC in one uni· 
form fashion. 

I. laopenble capacity lllaald be defined and 
w..tltled, ad. II lmdaded In .,.tem· 

. · · awaed capw:ftr, It 9bcmfd mbsequently be 
....... ~. ·,., .~·; !!'}:·.~;;· . 

·'. • •,;.t• ,.::r:; · .... I:. ;·. •" • ·:." •· .. • 

Thia t. in aCc:oni . with die concept that the 
capacity reported should be that reasonably 
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O. REPORTING PROCEDURES - coatmued 

expected to be available during peak periods. 
Capacity expected to be inoperable for an in· 
determinate length of time due to reasons such 
as the following should. therefore, not be in­
cluded as system capacity: 

• environmental restrictions 

• legal or regulatory restrictions 

• extensive and/or lengthy modifications. 
repair or .. mothballing" 

• known transmissio11 Iunitations 

• derating due to the planned postponement 
of the repair of a failed component 

10. Capacity planned or reuonably npeded 
to be out of 1ervice for Kheduled mainte­
nance •hould be quantffted and •hDWD u 
a deduction from .,.tom capacity. 

The deducting of planned and scheduled 
maintenance is necessary to portray the re­
maining amount of capacity not scheduled­
out of service in. advance. but still subject to 
random forced outages and temporary dent­
ins. Also, a consistent treatment of scheduled 
maintenance is necessary for aggregating in· 
dividual system capacities. 

11. The demand and capacity of haterma­
aec:ted power ll)'Wte.1119 not members af'n­
sfoaal coancfla •hould be Included In .,.,. 
tem and regional data to the meat ...U.. 
ble, u bu been doae In tbe put. 

Including these data permits aggregation of 
capacity and demand data to be more ~ 
plete - not only on a council or NERC bum~ 
. but also on a geographic basis. 

'""" 
12~ A 8taDdard format 8hould be ued ha _.. 

poltin1 rapedtJancl demand data toNEIC. 

The above eleven items have been incorpo­
rated in a format for reporting capacity md 
demand data to NERC. Thia format. with ac­
companying instructiom. is included u Ap­
pendix A.· By pladn1 capacity and demmd 
data in a common format embodying the.m­
porting procedures. greater consistency inre­
portin1 data will be achieved. and acc:umcy 
in aggregation and analysis will be enhanced. 

• 
13. For the plll"pOM of clarifyfn1 capacity data 

without addln1 duplicative reponlng. the 
NEllC lllterntgfoaal llevtew Subcommittee 
will. modify their reponln1 forma; and 
NEllC will work wftb the DepUtmeat of 
Enel"lf toward the obfectlve or 11•ln1 the 
ume format. for IE-411 reportln1o 

The present Form IRS-02 is included in this 
report as Appendix C. This Form should in­
clude cate1ories for types of energy storage 
in addition to pumped hydro (e.g., CAES, bat­
teries, etc.) u well as categories for wind, 
solar, biolDBSI, and waste. Also included 
should be an "undesignated" category to in­
clude future generating capacity for which the 
fuel type is u yet undesignated. 

Similarly, the capacities of non-utility 
generators should be detailed in the same 
fashion. · 

14. For use by NEllC In lnCormatloa usodated 
wfth llllU'lim. Net Internal Demand will be 
UHd wfth Net Capacity Rnolll'Ces for all 
compui8oDL 

In the Reporting Form (Appendix A), this 
translates to comparing line 6 with line 13. 
Line 13 is capacity available before allow­
ances for scheduled maintenance. 

"Net Capacity Resources" (line 13) is what 
has generally been called "Installed Capacity" 
in the past. Subtracting "Net Internal De­
mand" (line 6) from "Net Capacity Re­
sources" (line 13) gives "Capacity Resource 
Margin." le., the difference between capacity 
and demand u determined historically. This 
is the comparison that NERC will use. 

Although it may be. difftcult to project accu­
rately or to estimate more than a few years in 
the future, scheduled maintenance is to some 
degree controllable by a system, especially in 
the near term. Thus, in the short-term, sched­
uled maintenance is less random than the 
other unknowns covel'.8d by margin - forced 
outages, weather extremes. load forecast 
error, and slippage in unit installation 
schedules. When it ii desirable to consider a 
margin coverins.only random factors which 
can be treated probabillstically. Net Capacity 
Resource8 Lea Scheduled Maintenance (line 
15) can bf. u.9'Cl. ___ ·- .••. __ _..'._:.'. . . . 

• .;..i .. . 

· ·· .. CAPACl1Y AND DEMAND 
CONCIPl'S AND IEPORTINGPllOCEDUUS 

"· A Reference Document 7 



.. 
.:. 

m. DEMAND CONCEPrS . ' 

8 

Since "margin" ii defined as the difference 
between capacity and demand, both terms must 
be defined and then quantified, to make .. margin" 
meaningful. This "section considers aspects of 
demand. 

Conalderatlons in Deftnin1 Demand 
Electric demand is often confused with electric 
energy. Demand {or power) is the iDsta.lltaneous 
electric requirement of a power system, and is 
usually expressed in units such as megawatu 
(MW) or kilowatts (kW). Energy, on the other 
hand; is the quantity of electricity used over a 
period of ttme. llis usually expressed as megawatt­
hours (MWh) or kilwatthours (kWh). 

In practice, power systems define and calculate 
peak demand by averaging the demand over a 
short period of time, usually one hour. In other 
words, the energy used during that period is di­
vided by the length of the period to determine the 
so-called "peak demand." The instantaneous peak 
will be equal to or higher than the average or 
integrated. peak. Figure 1 shows these relation­
ships. 

INSTANTANEOUS AND INTEGRATED PEAKS 

"' 

I 
2· 
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F1gure 1 

Systems usually specify their forecast or actual 
hourly peak demand for various time periods -
typically, daily peak (the highest demand experi­
enced or expected for a particular day), monthly 
peak, seasonal peak'(summer and winter), and an-
nual peak demand. · 

Where two or more individual systems are in­
volved, such u in a power pool or regional coun­
cil, the terms "coincident peak demand" and 
.. non-coincident peak demand" are used. The 
coincident peak demand for a group of systems 
means the highest simultaneous demand experi­
enced by the group in combination: i.e., it is the 
same u the peak demand would be if they were 
a single system rather than several. The non-coin­
cident peak demand for a group of systems is equal 
to ~e sum of the individual systems' peak de­
mands, regardlesa of when they occur. The time 
of the coincident peak will not necessarily corre­
spond to the time any of the individual system 
peaks are experienced. The non-coincident peak 
will always be greater than or equal to (but never 
less than) the coincident peak demand. Fiilure 2 
illustrates concepts of coincidence. Problems of 
consistency can arise when non-coincident peab 
over different perioda are compared, or when non­
coincident peab are compared with coincident .. , 
peaks. NEllC coaclades that peak demand of 
..., .,.item or coandl be determined and fore­
cut bued on tbe agreptloa of monthly or 
boarly data - in conformance with the recom­
mendations on this subject in an earlier NERC 
report.I 

.. Load management" ta a term used to describe a 
procedure whereby customer demand can be con­
trolled or managed directly or indirectly, in whole 
or in part. for the purpose of reducing demand. 
In itl broadest sense, it can include programs to 
encourage load shifting, conservation, and other 
forms of voluntary direct or indirect customer de­
mand reduction. For the purposes of this docu­
ment, load management refers only to demand 
which can be controlled or reduced by the direct 
action of the system operator through actual inter· 
ruption of power supply. to individual appliances 
or equipment on the customer's premises . 

.. lntenuptible loads,• another type of load man­
agement, are defined as those loads that may be 
curtailed in accordance with contractual arrange-
Dl8ld:I. . ·. ~ a.... • ·"1 . ·'i.;~ . i..F :~ : :. •. L ~ f.~ ; 

1Gwdelines for Reporting Forecast and Actual Demands, Load Forecasting Tuk Force, May, 1985. 
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CONCEPTS OF COINCIDENCE 
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Figure 2 
. When twosystsms ars.consider«:Jtogether, their combined peak demand may occur 

at a different time from those of the individual systems. 

Comideratto ... in Quantifying Demand 

System demands and their variability over time 
are among the most important data required by 
system planners. System demand forecasts are 
needed in order to plan for system generation. 
transmission and interconnection expansion. Be­
fore any aspects of future supply can be addressed. 
the planner must know the expected requirements 
to be satisfied. 

1. Internal ~ystem Demand 

Internal system demand is the sum of the de­
mands of JJ.ll customers which a system is 
franchised to serve, plus the loues incidental 
to that service. Internal system demand is 
quantified in most instances by summing the 
metered outputs of all generators within the 
system, plus the metered line flows into the 
system, minua the metered line flows out of 
the system. In calculating demand, the net out­
put of generators is used. which excludes the 
power incidental to the production of electric­
ity. However, cert.a.in small items, such as sub­
station lighting, may be included in system 
demand. Aho included in demaild is the sup­
ply to any generating station which is not pro-
ducing electricity. ·· 

2. Consistency- Forecast and Metered Demands 

When comparing forecast and actual metered 
demands, it is important that the metered de­
mand be aggregated on the same basis as the 
forecast If there is non-utility generation or 
demand within the system, appropriate ad­
justments should be made to the metered de­
mands so that the forecast and metered de­
mands are on a consistent basis. (There are 
some systems whose internal practice is .to 
adjust the forecast after the fact, rather than 
adjusting the metered demands.) Similar ad­
justments could be required to reconcile the 
treatment of such items as load management, 
conservation. cogeneration and standby 
power. For a discussion of such considera­
tions. see an earlier NERC report. 2 

a. The 'load management' portion of de­
mand may be subtracted from the sys­
tem's peak demand forecast. This re­
quires that the actual amount ·of 'manage­
able' demand left on line during the time 
ofasystem'smaxfmumdemand be quan­
tified and the actual metered demand be 

-,:_ "··.• . reduced by this amount when comparing 
. with the system's forecast demand. If the 

manageable demand has not been sub-
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tracted from the forecast, the managed 
(interrupted) demand must be added to 
the metered demand. 

The 'interruptible load' portion of de­
mand may be subtracted from the sys­
tem's peak demand forecast. This requires 
that the actual interruptible demand left 
on line during the time of a system's 
maximum demand be quantified and the 
actual metered demand be reduced by thi5 
amount when comparing with the sys­
tem's forecast demand. If interruptible de­
mand is not subtracted from the forecast, 
the interrupted demand must be added to 
the metered demand. 

Inconsistencies in forecasts can arise from 
the different treatments of directly-con­
trolled load management and contractu­
ally interruptible demand. , Since these 
techniques disconnect power-consuming 
devices from the system, and do not gen­
erate power, NERC coaclud• that di· 
NCtly-coatroDed load mana1ellient aad 
contractually laterraptlble demaada 
•hoald be treated u adlutmeau to the 
demaad foncat. Tlae adjatment 
•hould reftec:t the actual, expected el· 
feet that laterraptla1 controlled d• 
mud will lane on the peak. recopb. 
las for esample, that all Interrupted d• 
vie• 1UJ aot be la .... when ........_ 
rapted." 

b ... Conservation• effects are handled in dif­
ferent ways by different systems. Some 
systems include the effects of conserva­
tion implicitly in their basic forecuting 
methodology. Other systems prepare 
forecasts without considering comerva­
tioc and subtract explicitly a separately 
prepared estimate of the effects of conser­
vation efforts. Still other systems, while 
estimating the effects of conservation ef· 
forts separately, handle conservation u a 
resource in their capacity accounting 
rather than u a reduction in demand. In 
any cue, quantifying the effects of comer~ 
vation, either u demand or capacity, 19 
very difficult, and an adjustment to actual 
metered demand may not be warranted. 

c. Systems that have non-utility generators · 
within their metered area may elect to in­
clude in their forecast of demand either 

the non-utility generator's entire demand 
or only the excess of that demand above 
its generation. (Options for metering are 
shown in Figure 3.) In either case, to com­
pare against the forecast, the system's me­
tered maximum demand would have to 
be adjusted by the non-utility generator's 
metered or estimated (if not metered) gen­
eration at the time of the system peak. 
Where generation exceeds demand, simi­
lar adjustments must be made to the sys­
tem's capacity for proper comparison. 
(See similar discussions in Section IV, 
'"Capacity Concepts.") The differing treat­
ment given non-utility generators leads to 
differences in total capacity and demand. 
Based on the nmpa..t approach. aad 
the data mo.t likely to be available, II 
19 coadaded that a forecut nceu ·or 
the producer'• demand over bi. gener­
ation lhoald be Included u demand; 
hawei'91', to the meat data 111"8 avail­
able, the 1-ralloa of a non-at:llltJ 
1•nerator that 19 recopfzed aad a. de­
pendable u .,.aem capacity 1bould be 
Mt forth MpU'lltelJ ud Included u a 
c:ompoaeat of.,._. capacity. Cone-
9POadfaslr, the demand of 1ucb a pro­
Rcel' Uoald be Included In Internal .,....demacl. 

d. Some systems contract to provide standby 
power service. The average of the 
amounts of such service supplied at time 
of system peak may or may not now be 
included u a part of the system peak de­
mand forecast. (When comparing the me­
tered demand against forecast, the me­
tered demand must be adjusted to reflect 
the difference between the standby served 
on peak and the amount of standby in· 
eluded in the forecast.) NEllC coaclud• 
that, wllea •lpillc:ant. the amount of 
madbypower npected to be Applied 
at t1me of pmk maid be 1nc111det1 
ellller la the forecut of Internal d• 
mand or ..wed • a Mparate compo­
nent of dr=•nd., In either method, a de­
mand figure more repres8n.tative of the 
·expected demand will be developed. 

3. Pun:huel ~ s.i. ... · .. 
.. . . - -

Purchues and sales of capacity can be treated 
in several different ways. Some systems con-
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sider purchases and sales as adjustments to ca­
pacity, while others consider purchases and 
sales as adjustments to capacity and demand, 
respectively. Still other systems prefer to treat 
purchases and sales with full reserve as an ad­
justment to demand, because the seller usually 
provides the same capacity reserve as provided 
for internal system demand. Ll.kewise, the 
buyer can reduce demand by the amount of 
the purchase with the presumption that re­
quired reserves are maintained by the seller. 
Clearly, differences in reporting can result This 
is discussed further in the section on capacity. 

4. Treatment of Non-member Systems' Demands 
Many of the reliability councils contain, within 
their geographical areas, some electric systems 
which are not members of a regional council. 
While the peak demand and energy for some 
of these non-members may be reported by a 
council, along with similar data for member 
systems, demand and energy data for others 
may not be so reported. The reason for this is 
generally the difficulty involved in obtaining 
consistent data on a schedule compatible with 
the reporting requirements of the regional 
council. Although the demand and energy not 
reported is usually quite small relative to the 
total demand and energy of the region, present 
practices can lead to inconsistencies among the 
councils or from one year to the next. NEllC 
concludn that capadty and demand data for 
Interconnected .,..tema, not members of re­
lioaal c:oancfl-. •boald be Included In res· 
loaal totalti to the nteat nallable, u bu 
been done In the put. Including these data 
will make more complete aggregations possible 
not only on a council or NERC basis, but also 
on a geographic basis. If possible, the identity 
of all reporting systems should be stated in 
order to determine the consistency of the data. 

• 
METERING OPTIONS IN COGENERATION 

. Q_ !" Cogl!Mm OI olW ir'dls*ldll• ~ proOar 

~.. ~,~·-·•inllmll ~- ,.: : . . . . 
•w.rinf, . . . " .. ;··. ____ ......, 

__. •Comdail1Di-, ·· Figure 3 

. · ... . .: .•_. ......... ; .. "; -
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-t·. 
Comlderadom In Defining Capacity 
Just as is the case wJth demand. capacity must be 
defined and quantified if it is to be used to deter­
mine the margin between generating capability 
and electrical demand. The terms "capacity" and 
"capability" are synonymous in this report. 

1. Definitions and Classifications 
In the simplest terms. capacity - as used here 
- is a measure of the ability to generate elec­
tric power. It is usually expressed in 
megawatts or kilowatts. Capacity can refer to 
the output capability of a single generator, a 
plant, or an entire electric system, power pool 
or region. 

Capacity can also be defined as a measure of 
the ability to convert various forms of energy 
to electric energy. The type of energy conver­
sion process used to produce electricity serves 
as a common basis for classifying capadty. 
For example, fossil units convert the energy 
contained in coal, oil, or gas to electric energy. 
Hydro and nuclear units convert, respectively. 
the hydraulic energy of water and the energy 
from a nuclear reaction to electrical energy. 
Wind. solar, and geothermal are other classifi­
cations of generating capacity. 

There are other ways of classifying generatin~ 
capacity. Generating capacity used to serve= 
minimum-to-average level of customer cl. 
mand is called baseload capacity; that used · 
to serve ·peak demand is called peaking capa­
city. Aggregate customer demand varies with 
weather conditions, day of the week, and time 
of day. Electricity must be generated in m 
amount equal to the varying demand of cu. 
tamers; it-cannot be stored in bulk. Generation 
with the lowest production cost is genenilly 
used to 58l'Ve base load, while that with highv 
costs is usua:lly called upon to serve peak de­
mands. 

Capacity may also be classified on the basis 
of continuous capability or storage capability. 
Nuclear plants, fossil-fired steam plants. and 
nm-of-the-river hydro plants are examples of 
capacity that is normally available. The capac· 
ity of pumped storage hydro and hydro UDi1s 
supplied from storage reservoirs are subject 
to limitations based on their enera storage 
capability - u are possible future 
technologies such as battery or compressed-

air energy storage systems. The ratings of such 
facilities are generally based on the number 
of hours they are available to serve a daily 
peak or a series of daily peaks. 

Another way of classifying capacity is accord­
ing to industry experience with the technol­
ogy. Hydro, fossil, nuclear and combustion 
turbines are considered conventional 
technologies; systems have had many years 
of experience with these types of generation. 
Alternative technologies consist of the com­
paratively new types of energy conversion 
with which the industry has had limited ex­
perience. Wind, solar, fuel cells, biomass. and 
geothermal are examples of these types of 
technologies. The basic distinction is that con­
ventional technologies have known and 
proven dependabilities over the long term 
while the dependability of alternative 
technologies is yet to be established. . . 

Generators powered by renewable reso'ilrces 
such u wind or solar have energy sources 
that are subject to the vagaries of nature. 
Geothermal sources may change their output 
depending upon earthquakes, shifts in under­
sround cavern outlets, plugging by mineral 
deposits or other geological influences. Instal­
ling these types of capacity to take advantage 
of the maxhnum basic eneflY available at one 
particular time does not assure that the capac­
ity is usable all hoUJ'S of the day or for all 
seasons of the year. Neither does it guarantee 
that nature will continue to provide a steady, 
long-term enef1Y supply for the installed ca­
pacity. 

z. Owned and Purchased Capacity 
Systems must have sufficient resources to sup­
ply the demand for electridty at the instant it 
occurs. The resources a system has to supply 
internal demand are comptjsed of the capac­
ity of generating units that it owns and capac­
ity that it purchases from others, less any ca­
pacity that it sells to other systems. 

a. Ownership of generating plants may be 
of two types: wholly-owned and jointly. 
owned. Wholly-owned plants are those 
for which a system has sole title to the 
physical plant and total responsibility for, 
and control of, the maintenance and oper- .. 
ation of the plant. Jointly-owned plants 
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are those in which two or more parties 
hold title to the physical plant. Each party 
is entitled to_a share of the capacity and 
energy output of the plant, usually in 
proportion to each party's ownership. Al· 
though the costs of operation and mainte­
nance are shared by the owners, the plant 
is usually operated by one of the parties 
or by an operating company. 

The owned generating capacity of a sys­
tem represents the maximum amount of 
power that could be generated if all of the 
power plants in which it has an ownership 
interest were operating simultaneously at 
their full net demonstrated capabilities. 
Demonstrated capability for each unit is 
determined by actual tests, made in accor· 
dance with established procedures. 

b. There are many types of capacity transac­
tions and purchase agreements which use 
a variety of terms to characterize the de­
gree of '"reserve" or dependability of the 
capacity to the buyer. Purchases of energy 
without a contractual commitment of ca­
pacity are not usually considered "capac· 
ity" purchases. 

Short-term energy transactions are not 
considered as affecting capacity. Some 
long-term energy transactions may be 
considered to have a component affecting 
capacity when a particular amount of 
energy is to be delivered during a 
specified time period. 

The terins "firm" and "non-firm" are 
often used to describe capacity purchases 
but they, are not used here because they 
are interpreted differently by different en· 
tities. 

"Unit power" (or "unit capacity") pur­
chases are a form of capacity transaction 
without reserve. Capacity is sold from one 
or more specific generating units for acer­
tain period of time. Delivery of power and 
energy is contingent on the unit being av­
ailable. Unavailability of the specified 
unit can suspend deliveries but will not 
usually affect contract obligations for pay­
ment The availability characteristics of 
this type of capacity purchase are similar 

• 
to the availability characteristics of 
owned generation. 

Another form ~f capacity transaction is 
contract capacity or system power pur­
chase. Capacity will be supplied from the 
aggregate of the generating units of the 
seller when available. The seller may sus­
pend delivery of power and energy 
whenever certain system conditions exist 
that would impose an undue hardship on 
the seller. This type of transaction is gen­
erally characterized as capacity "without 
reserves." 

The highest (in availability) form of ca­
pacity purchase is capacity "with full re­
serve." The selling system is obligated to 
deliver power and energy with the same 
degree of reliability as provided to its own 
customers. Therefore, the selling system 
must purchase emergency power or take 
other appropriate actions before curt8il­
ing the transaction. 

Capacity transactions with full reserves 
are sometimes considered as equivalent 
to supplying a portion of the buying sys­
tem's internal system demand. As men­
tioned earlier, the seller may opt to add 
the amount of the sale when determining 
demand and the purchaser may prefer to 
take a corresponding reduction in de­
mand. In other cases, the buyer and seller 
may treat the capacity sale with reserve 
as an adjustment to capacity. Capacity 
transactions without full reserve are nor­
mally considered as adjustments to capac­
ity by both parties. 

With the many variations in contract types 
and terminology, lack of uniformity in re­
porting can result. NERC concludn that 
all capacity tramactiou, lncludln1 
tboH ID which the aeller pravfdn re­
Hne, 9hou1d be treated u adfunmenu 
to capadty. It is believed that there are 
few reserved capacity transactions at pre­
sent It is also believed that adjusting de­
mand as a result of a reserved capacity 
purchase is ~ot the most common indus-
try practice. ..... , . ·, 

• •. r- • .;_. ~--:~ --r;!J -~· ~ ~ -~ . ···=~ ···~-~r· 
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c. The terms "Cogeneration" and "Small 
Power Producers" received official status 
in the United States' Public Utilities Reg­
ulatory Policies Act (PURPA) of 1978. 
Both of these terms are included in the 
term, "non· utility generator," used in this 
document. Along with many other things, 
this law established a definition and qual· 
ific:ation guidelines for cogenerators and 
small power producers. Before this law, 
a cogenerator may have been called a total 
energy system or on-site industrial gener­
ation. In the context of PURP A, the defini­
tion of cogeneration is the sequential use 
of a single, primary energy source to pro­
duce electrical and/ or mechanical power 
and steam or other forms of useful energy. 

The generic ·term, "small power produc­
ers," is usually used to describe any small 
non-utility power generation project. 
With: the introduction of new technology 
and the opportu&lity for energy and capac­
ity sales under new energy regulationa, 
additional small power producers are be­
ginning to appear. These projects uae 
wind,. sun, biomass or other energy 
sources. 

In the rules promulgated by the United 
States Federal Energy Regulatory Com­
mission (FERC) which implemented Sec­
ti.fl!u201and210 of PURPA, "qualifying" 
oogenera:tors and small power producers 
we.re granted the right to interconnect 
with a utility grid. to contract for backup 
power at non-discriminatory rates, and to 
sellie.xcess power at the utility's "avoided 
aist"' without being regulated. 

In order to qualify, the facility must be 
"owned by a person who is not primarily 
engaged in the generation or sale of elec­
tric power (other than electric power sol· 
ely from cogeneration facilities or some 
small power production) .... " Under 
FERC's rules, a facility may not qualify if 
one or more electric utilities or electric 
utility holding companies own more than 
50% of the equity in the facility. 

Maximum capacity of cogenerators is not 
limited; however, they must meet effi. 
ciency and heat re-use standards. A small 
power producer qua.Wies only if it has 
power production capacity of 80 MW or 
less. The prim.aly energy source must be 
biomass, wute, or renewable resources. 

Today, some systems are purchasing 
energy from qualifying facilities. Some 
are including future projects in their fore­
casts by modifying the capacity or de­
mand porttona (or both) of the forecast.· 
11le colldmlou or NERC are d&at, 
w11ea die 1-ntlon of a non·atilftJ 
1W11ltornceeda, or .. npec:tecl ton· 
ceed 118 demand, the nceu generation 
•boahl be Mt forlla Mpuately u a com­
paaeat or capadtr. or, If It .. depeada· 
ble and recopbecl u .,.aem capacity, 
... lolal 1enenllon .. oa.ld be u.ted 
Mpantelr ud 118 total demand 1boa.ld 
be ladaded In Internal .,.aem demand. 
(See also comments in Section ID. "De­
mand Concepts.") 

NET VERSUS GROSS CAPACITY 
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Comlderatiom In Qaantffyin1 Capacity 1bow 1111 appropriate redaction la capacity 
for UmJted enel'IJ l'990111'CeL In this man-t. Net vs Gross 
ner, the capability included will more closely 

The capability of a generating unit can be ex- represent that which will be available at the 
pressed in terms of its gross capability or net time of peak demand. 
capability. Gross capability is measured at the 
generator terminals. However, some of the 3. Ratings 
electricity ·generated is used to supply fan 

V ariom criteria and guidelines for rating motors, pump motors and other a~ary 
generating units have been established by sys-equipment essential to operate the uml The 
tems, pools and regions. Units are usually gross capability of the unit less the power re-
rated based on their "net dependable (or de-quired for the auxiliary equipment is defined 
monstrated) capability." Net capability of a as the net capability of the unil This is ·the 
unit is determined by actual tests made in ac-capacity of the unit that is available to supply 
cordance with procedures established by a demand and is the number usually reported. 
system, pool or council. These tests establish Figure 4 illustrates this concept. The use of 
the maximum power that a unit can generate net or gross by different reporting entities 
and sustain over a specified time period. could lead to inconsistencies in calculations 

using capacity. H gross capacity were used, 
A discussion of criteria and procedures for and station service considered as part of de-
rating generating units and evaluating ad~ mand, the difference (margin) between capac-
quacy of generating capacity is beyond the_ ity and demand would be the same. However, 
scope of this report. However, further infor.; any calculation involving a ratio would be 
mation on the variom resional criteria can be different NERC concludes that net capabll· 
found in the NERC report. .. An Overview of lty (capadtyJ .. ould be ued for reporting. 
Reliability Criteria Among the Regional Coun-This conclusion ii based on the need for con-
cils of the North American Electric Reliability sistency as well as on the basis of following 
Council" - December 1982. the most common industry practice. 

2. Capacity Variations 4. Inoperable Capacity . 
Some councils 1U8 the term '"inoperable ca-Generating capability is generally determined 
pacity." Inoperable capacity may include on a seasonal basis to coincide with the peak 
such items as: capacity limited by environ- ... demand periods of summer and winter. Vari-
mental restrictions, capacity out of service due ations in capability can occur seasonally be-
to legal or regulatory restrictions, capacity out cause of changes in ambient air and cooling 
of service due to extenaive modifications or water temperatures and the availability of the 
repair, or capacity specified u being in a primary energy source. Thermal plants may 
mothballed state. Capacity in these categories have higher capacity in the winter when out-
is subtracted by some councils from total ca-side tempera~ make their cooling syste~ 
pacity, while in other councils, the reported . more efficient Hydroelectric plants have van-
total capacity has already had the .subtraction able capabilities dependent on flow condi-
made, and some councils do not consider in-tions and storage. Gu turbines have signi.6.-
operable capacity. To avoid the inconsisten-cantly lower capability in summer than in 
cies that would result from such variations in winter. NERC COKlade8 dud the apedfyia1 
reporting, NERC coaclade9 dud Inoperable of capacity 1hoald take Into account .... 
capacity •boald be clefbaed ud. lllncladecl Hnal Vllriatlom. To the extent possible, the 
la QWtem-owned capadty, It aoald be •ab-capacity specified should be that expected to 
Hq11eldly ldeatlfted and deducted. exist at the time of the projected peak. 

The capability of wind turbines and solar 
plants varies widely on a daily basis because 
of the changing availability of the primary 
energy source (wind and sunshine). NERC 
conc:hadn that the reportlq entity •hoald 
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5. Unavailable C..pacity repaired. The fact that forced outages 
occur at random distinguishes them from 
scheduled outages which can be planned. 
A partial forced outage is similar to a 
forced outage except that the affected unit 
is not totally out of service and can be 
operated at a portion of iu capacity. Since 
total and partial forced outages are ran· 
dom in nature, no reduction in capacity 
should be made for them. They should be 
included in the margin as are other uncon­
trollable or random factors such as wea­
ther extremes, forecast error and failure 
to complete capacity additions on 
schedule. 

18 

Capacity may be unavailable because of a 
planned outage for scheduled maintenance or 
an unexpected, forced outage due to a compo­
nent failure. 

a. Planned Outage for Scheduled Mainte­
nance - A planned outage refers to that 
capacity which is known, planned, or ex­
pected to be unavailable as a resource to 
meet system demand during the period 
of time being considered. Planned unav­
ailable capacity is distinguished from in­
operable capacity in that the planned out­
age is scheduled for a specific period of 
time after which the capacity will again 
be available for service. Due to extended 
exposure to peak load conditions, or to 
levelize the maintenance work load, some 
systems schedule maintenance on a year­
around basis, either planning to have spe­
cific units or a percentage of system ca­
pacity out of service at all times, including 
peak demand periods. 

b. Forced Outage - A forced outage results 
in capacity being unavailable due to a 
major, unexpected component failure in 
a generating unit which resulu in the unit 
being totally out of service until it can be 

.... 

The differing treatment of scheduled mainte­
nance can lead to substantial differences in 
the total amount of capacity being reported, 
with some systems removing the amount 
being maintained and others including i~ To 
avoid this, NEllC coacludn that capacity 
Kheduled for maintenance •hoahl· be 
noted 80 tllat, II de8lred, It could be Rb­
tncted from .,.tem capacity In order to 
achlft9 coam.teac:y and to portray the 
amount of capadtJ which, ncept for 
forced oatas .. and tempol'8JT deratings, 
would be awllable to meet demand. 
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v. REPORTING AND USE OF CAPACITY AND DEMAND DATA 

Reporling 

Review of the conce~ts used by utilities in deter­
mining and reporting capacity and deman~ data 
showed that improvement could be made in the 
consistency of reporting such data to NERC. 
NERC has developed a list of reporting proce­
dures to achieve this objective. These procedures 
are embodied in the attached format for report­
ing to NERC. This "Format for Reporting Capac­
ity and Demand Data to NERC" and instructions 
are included as Appendix A. NEllC concludn 
that the sequence shown for reportln1 capac· 
lty and demand I• logical bued on sound en· 
gineering principles. Using this format will _in­
crease consistency in reporting and analyzmg 
capacity and demand data. The format provides 
some flexibility to accommodate system and re­
gional differences. 

Detailed instructions for completing the Form 
are included. The material contained in Sections 
ill and IV, together with the Terms Used in This 
Document (Appendix BJ will be helpful in com­
pleting the Form. 

Furthermore, in the interest of minimizing the repor­
ting burden, NERC should work'l!lt'ith the Depart· 
ment of Energy toward the obfec:tfve or Inca .... 
porating the same format Into IE-411 reporting. 

The reporting format does n~t include a bre~­
down of capacity by type of pnmary energy (fossil, 
nuclear, wind, etc.). For purposes of analyses, that 
breakdown may be important. Thier:efore, for clari­
fication without adding duplicative reporting, the 
NEllC Interregional Rsview Subcommittee wiO 
modify their reporting forms to Include addl· 
tional · clauiftcatlo... of capadty. The present 
Form IRS-02 is included as Appendix C. This Form 
should include categories for types of energy stor­
age in addition to pumped hydro, as well as 
categories for wind, solar, biomass and waste. 
There should also be an "undesignated" category 
for future capacity not yet having a decision on 
fuel type. 

UH of Data 

Assuming regions with both Canadian and U.S. 
systems report these areas both separately and 
combined, the reporting format shown in Appen­
dix A can be used to determine margins and ratios 
on a consistent basis for systems, councils, na- ·· 

tions, or for other groupings. Margins and ratios 
could also be determined for a single reporting 
entity in various ways, depending on the entity's 
needs and philosophy in combining the compo­
nents of capacity and demand. For example, some 
of the variations could include different treatments 
of interruptible demands or scheduled mainte­
nance. (See Figure 5 for a graphical interpretation 
of the reporting format.) 

Individual reliability councils and systems have 
no universally accepted method of combining the 
components of capacity and demand when deter­
mining margin. Therefore, depending on indi­
vidual purposes, lines 3 or 6 might be used for 
specifying demand; and for calculating margin. 
either of these lines could be combined with the 
capacity shown in lines 7, 9, 13, or 15. However, 
out of the possible combinations, line 6 combined 
with line 13 and line 6 combined with line_ 15 
seem to be the most significant. 

1. Line 6 is Net Internal Demand, i.e., demand 
after deduction of Load Management and Inter­
ruptible demands. 

Line 13 is Net Capacity Resources, generally 
termed "Installed Capacity" in the past. De­
ducting Net Internal Demand (line 6) from Net 
Capacity R.,i;ourou (Jina 13) gives "Capacity 
Resource Margin," i.e., the dift'eren<:e L!!itwoon 
capacity and demand which has often been 
used in the past. 

The use of lines 6 and 13 produces a planning 
margin (in MW or kW) which includes the ca­
pacity resources available to accommodate 
scheduled maintenance, forced outages, de­
mand forecast error, demand variability due to 
weather, and delays in planned capacity instal­
lation. The rationale for this approach is that 
outages for scheduled maintenance cannot be 
projected for more than a few years with any 
greater degree of certainty than forced outages. 
On tlm bul-. NEllC will ase Unn 8 and 13 
for all compan.o ... of capacity and demand ....... 
It is recognized that other margin determina­
tiona may be appropriate for certain purposes 
or under some, conditiona, and that different 
dii.ta Will be us8d by systems or regions for 

. internal purposes. ..., .. 
..•... _....... . ---· .. . ...... -. ...... ,_-... - ., ...... 

....... .-..--.. - .~ .... 
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• •• 
v. ~~G AND USE OF CAPACJ1Y AND DEMAND DATA - caatiZJuml 

2. Lines 6 and 15 

Line 15 is Net Olpac?ty Resources Less Sched­
uled Maintenance. Planned or scheduled 
maintenance is controllable to some degree, 
especiaUY in the near-term fulure. Thus, sched­
uled muatemmce is certainly less random than 
is maintenance due to forced outages. Use of 
line 6 m.d line 15 produces a planning margin 
covering strictly probabilistic factors, i.e., 
mainten.a.nce due to forced outages, weather 
extremmi. load forecast errom, and inability to 
complete generation additions as planned. A 
margin including only those factors over which 
systems have no control is a useful concept. 
While predictions or estimates of scheduled 
maintenance five to ten years in the future no 
doubt willl change with time [u have load fore-

casts), such estimates would show, for exam­
ple, whether in the future scheduled mainte­
nance is planned over peak periods. Margin 
determined in this fashion fits the concept that 
reported demand ought to be that reasonably 
expected to occur: and, correspondingly, re­
ported capacity ought to be that planned to be 
available, subject to forced outages and tempo­
rary deratings, to meet that demand. 

It is recognized that other margin determina­
tions may be appropriate for certain purposes 
or under some conditions, and that different 
~ta will be used by systems or regions for 
mternal purposes. See Figure 6 for an illustra­
tion of margin determination. 

-· 
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• 
VI. OPERATING VIEWPOINTS 

Power system operators are concemed with 
power supply in the near term - from the present 
to as much as two years in the future. Operational 
planning begins with demand forecasting, which 
is heavily influenced by predictions of weather 
conditions. Generation and transmission mainte­
nance is scheduled in a manner which ensures 
that prescribed criteria are met. Consideration is 
then given to the net capacity available to meet 
the forecast peak demand and reserve require­
ments for the particular period of time being 
examined. Energy requirements are reviewed to 

· ensure that the available supply is adequate to 
meet the system needs. This is particularly impor­
tant to those systems with significant amounts of 
hydro generation or limited fuel generation. Inter­
nal system capacity shortages are met by arranging 
·for off-system purch8ses or by reevaluating and 
shifting maintenance schedules,· or both. 
Operators must be knowledgeable concerning the 
amount of capacity that may be unavailable due 

· to unplanned generation outages and other tem­
por&rily imposed restrictions or limitations: Such . 
reductions in generating capability must be consi­
dered when plans are established to best meet the 
demand and reserve requirements. 

It is possible to encounter critical power sup­
ply situations under widely varying conditions. 
During extreme weather conditions, capacity mar­
gins may be low because of demands that are 
higher than expected even though a .high percen­
tage of the capacity is available. Reduced margin 

-· 

• 
can aJso exist during moderate weather with heavy · 
maintenance schedules. Available supply less pre­
dided demand, or ID8f8in, expressed in .: 
megawatts, is more significant to an operator than 
is an expression of reserves or margin u a percsn­
tage of either capacity or demand. Figure 7 shows 
how margin can vary over time. 

Operators must also ·continuously evaluate 
the economics of available generation. Good oper­
ations planning requires that arrangements be 
made to meet the expected demand and reserve · 
requirements in the most economic manner that 
is consistent with maintaining the prescribed 
levels of interconnection reliability. However~ 
supplying customers' demand is viewed as a re­
sponsibility that must be fulfilled regardless of 
cost variations. Operating reserves must be pre-. 
sent in quantities sufficient to compensate for the 
largest first contingency and to ensure that there 
is sufficient generation to provide for minute-to­
minute variations in demand. 

_ t:. : 
• .. 

When margins are insufficient, limited system 
demand reduction can be achieved by such meas­
ures u voltage reduction, curtailing contractually - · 
interruptible demands, use of residential load 
management devices, and public appeals for vol­
untary demand reduction. Plans for emergency 
curtailment of firm demand are implemented only 
as a last resort in meeting critical power supply 
situations. 

Seasonal Variations in Margin 

A: Bl1twNn Demand and Operable Capacity 

A + 8: .&ltwNn DiJmand and Dependa.plfl Capacity 

20 
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FORMAT FOR ~ 
REPORTING CAPACITY AND REPOATING PARTY > 

' 
pEMAND DATA TO NERC* 

fiu.tlOll I 

• 
' 

~ ·- ··- ' 
OA1E 

n 

~ 0 I Year 19- 19_ 19_ 19_ 19_ 19_ 19_ 19_ 19_ 19_ 

~ 
! DEMAND-MW c;'3 

d 
~i§ 

.. 
1 Internal Demand 

2 Standby Demand (tt not included In Une 1) I ·s- e 3 TOia! Internal Demand (Une 1 + Une 2) 

ni .. Load Management 

5 Interruptible ~ ,, 
6 Nel Internal Demand (3 - 4 - 5) Ua !· CJ 

-~;.: 

CAPACITY - MW (NET) :2 

all. 
{I} 

7 Total Owned capacity 

~ I Inoperable Capacity (H Included In Line 7) 
,. 8 Nee Operllble Capdy (7 - 8) n ..... r·, 
.. 10 Non-Utillly Generldor9 :I 

·a ' 11 Cepdy Pwchaaea Q .. 2! . ; 
Cepedty Sales f. . 12 {I} 

• 
13 Nee Capdy Reaourc:ee (9 + 10 + 11 - 12) 

...... 
14 Scheduled Malnlenance 

' e'. 15 Nee Capacity Reaourcea Lea Sched. Main. (13 - 14) .. 
t· . 

;·.: 

~· 
· 9Thls tonnat Is Intended lot tepottlng capacity and demand data to NERC on a common basis. Individual 

1y1tM1i •nd ReNabllity Councils may use other formats for tabulating capacity and demand data boc:14use 
' ot dllterences In qontractUMI "''_,flOtMnl• and In reporting ~q11lrements. 

Data is to be supplied for both summer and winter seasons. ~ .. 
N ... 
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INSTRUCTIONS FOR THE 
CAPACITY AND DEMAND REPORT FORM• 

DEMAND-MW 
1. Internal Demand 

Enter tlhe maximum integrated clock hour sum 
of the demands of all customers which a sys­
tem serves, plus the losses incidental to that 
service. (As in the 1988 DOE IE-411 report. 
Item t.) The Net Internal Demand of systems 
not members of NERC should be included to 
the extent known. 

2. Standbf Demand 

Enter ~e Standby Demand which is expected· 
to be served at the time of the peak hour, if 
not included in line 1. 

Standby Demand is demand that may be 
serveci. .in accordance with contractual ar­
rangements, to provide power and energy to 
a customer (often to a cogenerating industrial 
customer) u a second source or backup for 
outage of the customer's generation. Standby 
power is intended to be used infrequently by 
any gilv:en customer. Probability considera­
tiom S:hould be applied to determine the 
amount of standby demand included either 
in line 1 or line 2. 

3. Total mtemal Demand 

Line i plus line 2. 

4. Load Management 

Enter dm actual redudlcm in system demand 
that can lbe expected darough the direct action 
of the sfmm operator by interrupting power 
supply tto individual spp)iances or equipment 
on the ~mer's ~- If Internal De­
mand. JJme 1, already indudes such adjust­
ment for load management, enter a "O." (Load 
management not under direct control of the 
system operator should be reflected in Inter­
nal Demand, line 1.) 

5. lnternltJPtible Load 
Enter customer demand that can be curtailed 
(Le., "mtenupted") by action of the system 
operatCGr in accordance with contractual ar­
rangements. If Internal Demand, line 1, al-

ready includes an adjustment for interruptible 
load, enter a "O." 

6. Net Internal Demand 

Line 3 minus lines 4 and 5. 

CAPACl1Y - MW (NET) 
7. Total Owned C.apacity 

Enter all system owned or operated capacity 
regardless of physical location; should corre­
spond to Net Dependable C.apability as re­
ported in the 1986 DOE IE-411 report, Item 
3A - Line 01 - ("Total" on Form 02 and 07 
of NERCIRS). The Net C.apacity Resources of 
systems not members of NERC should be in· 
cluded in regional totals to the extent mown. 

8. Inoperable C.apacity 

Enter capacity out of service for reasons such 
u: environmental restrictiom, legal or reg­
ulatory restrictiom, extensive modificatiom 
or repair, or capacity specified as being in a 
mothballed state. If Total Owned Capacity, 
line 7, already includes an adjustment for in· 
operable capacity, enter a 110." · 

9. Nat Operable C.apacity 

Una 7 minus line 8. 

10. Non-Utility Generaton 
Enter total capacity of all non-utility 
generators expected to be available at the time 
of peak. Thia item includes capacity of 
generating facilities in which utility owner­
ship is less than 50% and which is not in· 
cluded in line 7. 

11. C.apacity Purchases-
Total of all capacity purchases, with or with­
out full reserve, includlns unit power. 

12. Capacity Saies-
Total of all capacity sales, with or without 

. nMl'V8S, includiq unit power. 

13. Net Capacity Resources 

Line 9 plus line 10 plus line 11 minus line 12. 
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APPENDIX A - REPORTING FORMAT AND INSTRUCTIONS - caatizJued 

14. Scheduled Maintenance 

Enter capacity scheduled for maintenance 
and. therefore, not available at the time of the 

15. Net Capacity Resources Less Scheduled 
Maintenance 

Line 13 minus line 14. 
peak hour. -

NOTES: 

• Regions with both U.S. and Canadian systems should report these separately and also combined. 

- Attach separate sheet listing individually all interregional purchases and sales including those from 
independent power producers, as are now reported on DOE IE-411, Item 2C. Give the system names 
of the buyer and seller and their region. Reporting of such purchases and sales should be coordinated 
by all reporting parties. 

-· 
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Awlded Cost - the cost an electric utility would 
otherwise incur to generate power if it did not 
purchase electricity from anmfher source. 
Blomu• - any organic matemal not derived from 
conventional fossil fuels. Examples are animal 
waste, agricultural or fon!St by-products and 
municipal refuse. 
CapabWty- synonymous wii\th Capacity. 
Capacity - a measure of the ability to generate 
electric power, usually expressed in megawatts or 
kilowatts. Capacity can refer '·to the output of a 
single generator, a plant, an entire electric system, 
a Power Pool or a region. 
Capacity Margin - the dilference between Ca­
pacity and Peak Demand divided by Capacity. The 
Capacity Margin is often expI1essed in percent by 
multiplying by 100. 

Capacity with full Resenrm - the highest (in 
availability) form of capacitytlir.ansaction. The sys­
tem is obligated to deliver power 1and energy at a 
specified degree of reliabilit!'w 'IDhe ·selling system 
must purchase power or take other appropriate 
actions before curtailing the ll!r.ansactions. 
Capacity without Rnerve - a transaction in 
which the capacity is supplied when available 
from the aggregate of generatimJ.:ig units of the seller. 
The seller does not have to deliver power and 
energy whenever certain syStem conditions exist 
that would impose undue han!lsbip on the seller. 
Cogenerator - a facility willich produces both 
electric energy and steam or fDmns of useful energy 
(such as heat) which are useful!lfor.industrial, com­
mercial, heating or cooling pm:poses. 
Coincident Peak Demand - ithe Peak Demand 
for a group of systems in ~tion, i.e., the 
Peale Demand one would see Df !fhe group were a 
single system. -· Conserwtioa - implemenlt&tton of measures 
that decrease energy cons1llDJPtion oftargeted end 
uses resulting in beneficial load shape changes, 
often by encouraging the me ·of more efficient 
appliances and equipmenL 

Electric Demand - the indantaneous electric re­
quirement of a power system, usually expressed 
in units sucli as megawatb ((MW) or kilowatts 
(kW). 

fuel Cell - a device in whi£ll'!:a chemical process 
is used to convert a fuel dimcily into electricity. 
Inoperable - capacity out lliif service for reasons 
such as being limited by environmental restric-

;-:-·· 

- ;~· . .._. 

tions, legal or regulatory restrictions, extensive 
modifications or repair, or capacity specified as 
being in a mothballed state. 

Internal Demand -:- the maximum integrated 
clock hour sum of \he demands of all customers 
which a system services, plus the losses inciden­
tal to that service. Internal Demand is quantified 
by summing the metered (net) outputs of all 
generators within the system, plus the metered 
line flows into the system, minus the metered 
line flows out of the system. 

Interruptible Load - customer demand that 
can be curtailed, i.e., interrupted, by action of 
the system operator in accordance with contrac­
tual arrangements. 

Load Mana1ement - a procedure in which cus­
tomer demand can be controlled through the di­
rect action of the system operator through actual 
interruption of power supply to individual 
appliances or equipment on the customer's 
premises. ,. 

MllJ'lln - the difference between Capacity and 
Peak Demand. Margin is usually expressed in 
megawatts. 
Net Capacity - the gross capacity of a generat- ., 
ing unit as measured at the generator terminals .,. ' 
less the power required for the auxiliary £quip­
ment (such as fan motors, pump motors and 
other equipment essential to operate the unit). 
Net Demomtrated Capacity - synonymous 
with Net Dependable Capacity. 

Net Dependable Capacity :__ the maximum ca­
pacity modified for ambient limitations which a 
generating unit, power plant or system can sustain 
over a specified period of time, less the unit capac­
ity used to supply the demand of that unit's station 
service or auxiliary needs. 

Non-coincident Peak Demand - the sum of in­
dividual systems' Peak Demands, regardless of 
when they occur. Non-coincident Peak Demand 
will always be greater than or equal to the Coinci­
dent Peak Demand. 

Non•atlllty Generator - a general term em­
bracing facilities named in the Public Utilities 
Regulatory Policies Act (cogenerators and small 
power producers) and any other non-utility 
generating facilities connected to the utility sys­
tem. 

Peak Demand - the highest electric require­
me1:1t experienced by a power system in a given _. 
penod of time (e.g., a day, month, season or·:·. 

·-.· 
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year). In practice, Peak Demand is calculated by 
dividing the energy used over a short period of 
time, usually an hour, by the length of that period 
of time. 
Power Pool - two or more interconnected 
power systems operated as a system and pooling 
their resources to supply the power and energy 
requirements .of the systems in a reliable and 
economical manner. 
Re1ioaal Council- one of nine electric reliabil­
ity councils that form the North American Elec­
tric Reliability Council (NERC). (NERC was 
formed in 1968 by the electric utility industry to 
promote the reliability and adequacy of the bulk 
power supply :in the electric utility systems of 
North America.) 

Reserve - synonymous with Margin. 
llesene Margin - the difference between Ca­
pacity and Peak Demand divided by Peak De­
mand. The Reserve Margin is often expressed in 
percent by multiplying by 100. 

Standby Power - power used to serve customer 
demand in accordance with contractual arrange­
ments to provide power and energy to a customer 
(often for an industrial customer having his own 
generation) as a second source or backup for the 
outage of the primary source. Standby Power is 
intended to be used infrequently by any given 
customer. 

.. 

SY1tem - the physically connected generation, 
transmission, distribution and other facilities 
operated as an integral unit under one control, 
management or operating supervision, often re­
ferred to as "electric system," "electric power 
system" or "power system." 

UDnlllflable Capacity - the amount of Capacity 
that is known, expected or statistically predicted 
to be not available to meet system demand during 
the period of time being considered. Known or 
expected Unavailable c.apacity includ~ capacity 
out of service due to scheduled unit maintenance 
and deratings. Statistically predicted Unavailable 
c.apacity includes unplanned or forced outages, 
outages that are planned with a short lead time, 
and capacity limitations as a result of temporary 
operatinR conditions. . 

Unit Power - power from one or more specific 
generating units. Unit Power purchases and sales 
are forms of capacity transactions without full 
reserve. Capacity is sold from one or more spe­
cific units for a certain period of time. Delivery 
of power and energy is contingent on the unit 
being available. : 

Voltage Reduction - a means to reduce the de­
mand on a utility by lowering the voltage. Usually 
performed on the distribution or subtransmission 
system. 
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APPENDIX D - USERS OF CAPACl'IY AND DEMAND DATA 

Specific 

• One's own utility. pool. regional reliability council 

• Nuclear Regulatory Commission 

• Department of Energy (DOE} 
International Affairs and Energy 

Emergencies (IE} 
Federal Energy Regulatory Commission 
Energy Information Administration 
Economic Regulatory Administration 
National Laboratories 

• National Energy Board 

• Securities Exchange Commission 

• Rural Electrification Administration 

• National Associations 
National Association of Regulatory Utility 

Commissioners 
Edison Electric Institute 
American Public Power Auociation 
National Rural Electric Cooperatives 
. AMociation 
Canadian Electric Association 
North American Electric Reliability Council 
American Gu Auodation 
Atomic Industrial Forum 

• National Institutes 
Electric Power Research Institute 
National Laboratories (non-DOE} 
IREQ (Quebec Hydro Research Institute) 
National Regulatory Research Institute 
Gas Research Institute 
National Coal Association 

• Members of Congress and Parliament 

• Committees of Congress and Parliament 

• Slate, Regional, or Provincial Auociatiom 
(Examples: Minnesota Municipal Utilities 

Association. Pennsylvania Electric: 
Association. Southeastern Electric Exchange) 

• U.S. Corps of Engineers 

• U.S. Depart:mdtit of Justice 
• U.S. Department of Commerce 

Bureau of F.conomic Analysis 
Office of Coutal Zone Management 

• Interstate Compacm 
River Basin Commiuiom 

Noa-Specific 

• Other U.S. Federal government agencies 

• Canadian Federal government agencies 

• State regulatory co;IDDlissiom 

• Other state government agencies 

• Provincial government agencies 

• State and Provincial legislators 

• Other systems or pools 

• Other reliability councils 

• Other businesses 

• News media representatives 

• Llbraries 

• Schools and Universities 
• Individuals 

• Consultants, AE's, Manufacturers 

• Chambers of Commerce (and other business 
organizatiom) 

• Financial entitles 

•Investment entities, bankers 
• Stockholden 

• Stockbrobn 

• Environmental Interest groups 

• Consumer grou119 
• Consumer advocate groups 

• Intervenon 
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Pennsylvania Power and Light Company 

MAPP 

AnthoDJ w. Ben.kukJ 
Director af Transmission 

and lntBrotility Relations 
Northern States Power Company 

NPCC 

George C. Loehr 
Engineerisg Manager 
Northeast Power Coordinating Council 

Jlobert IL Mac:ICamle• 
Executive Vice President 
New York Slate Electric I: 1u Corporation 

SD.C 
Randall w. IJttrell 
Manager of Central Operatiom 

and Support 
Tennessee Valley Authority 

SPP 

V. MelTill lllnn 
Vice President 
Oklahoma Gu and Electric Company 

F.dgu R. Lamb" 
Cbief Planning Engineer 
Oklahoma Gu and Electric Company 

wscc 
Wiiliam J. Mutln 
Manager, System PlamW:Jg 
Public Service Company of Colorado 

NEllC.OC 
._P.Mc'facura 
Dlnctor 
New England Power Exchaqe 

STAn' COORDINATOR (NEllC) 

&any W. Colborn 
Director-Engineering 
North American Electric 
. Reliability Council . 

*Replaced by G.C. Loehr 
**Allmnate 

28 

CAPACl'IY AND DEMAND 
CONCEPTS AND REPORTING ftOCEDlJm 

A Reference Document 

.· . 




