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INTRODUCTION 
The intent of Recommendation 8A is to ensure that transmission facilities are not unnecessarily 
interrupted during system disturbances when operator action within the first 15-minutes could alleviate 
potentially damaging overloads or prevent cascading outages.  The four-hour winter thermal current 
ratings of the line, multiplied by 1.5 at 0.85 per unit voltage at a line phase angle of 30 degrees, was used 
in Footnote 6 of Recommendation 8A of the August 14, 2003 Blackout: NERC Actions to Prevent and 
Mitigate the Impacts of Future Cascading Blackouts, approved by the NERC Board of Trustees on 
February 10, 2004, and the subsequent SPCTF clarification (issued on June 22, 2004) as the basis to 
establish a general thermal loadability requirement. In many cases, this is a legitimate loadability 
requirement. In some cases, detailed studies have been performed to more accurately identify the 15-
minute rating of a transmission line. In other cases, other factors limit the loadability of transmission lines 
to less than that established in Footnote 6 of recommendation 8A.  For these reasons, the SPCTF has 
developed several classifications of technical exceptions to the loading parameters as stated in Footnote 6 
of recommendation 8A.  Exceptions based on system parameters require an annual review1 or when 
system topography and parameters change.  Where practical, the transmission system protection 
owners (TPSOs) are strongly encouraged to meet the loadability parameters without petitioning for 
exceptions.  

While Recommendation 8A focuses on the loadability requirements to ensure that protection systems do 
not contribute to cascading or blackouts, it is imperative that the TPSOs reliably protect the electrical 
network for all fault conditions.  This balance between adequate loadability and adequate equipment 
protection may necessitate various mitigation methods including: 

1. Elimination of unnecessary protection functions (beyond applicable protection needs)  

2. Adjusting the maximum torque angle on the relay 

3. Installing relays that can tolerate load currents while still reliably tripping for fault conditions 

4. Applying direct transfer tripping to provide for remote backup functions 

5. Installing additional circuit breakers to reduce the required relay reach, particularly on lines with 
more than two terminals 

Every effort should be made to mitigate non-conforming critical lines on a priority basis.  

Assuming all these mitigation methods have been considered, the loadability of the power lines should 
not reduce the ability to reliably detect faults and issue appropriate trip signals.   

If there is relaying application for which the TPSO feels that inhibiting relay tripping on load will 
compromise reliable fault clearing using the best-in-class protection practices, then the TPSO shall 
provide sufficient justification for their proposed exception. 

                                                      

1 Loadability exceptions based on system parameters must be reevaluated as system parameters change. This review 
and verification of exception parameters should be performed annually by the TPSO, evaluated by the Regional 
Reliability Organization, and reported on to NERC. 
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NERC Recommendation 8A 
From the report August 14, 2003 Blackout: NERC Actions to Prevent and Mitigate the Impacts of Future 
Cascading Blackouts, approved by the NERC Board of Trustees on February 10, 2004: 

Clarifications 
The definition of “emergency ampere rating” of a circuit in Footnote 6 of Recommendation 8A is defined 
as: 

The NERC Planning Committee approved the following clarification of the definition of emergency 
ampere rating for application of Recommendation 8A on June 18, 2004: 

Emergency Ampere Rating — “The highest seasonal ampere circuit rating (that most closely 
approximates a 4-hour rating) that must be accommodated by relay settings to prevent incursion.”  
That rating will typically be the winter short-term (four-hour) emergency rating of the line and series 
elements.  The line rating should be determined by the lowest ampere rated device in the line 
(conductor, airswitch, breaker, wavetrap, series transformer, series capacitors, reactors, etc) or by the 
sag design limit of the transmission line for the selected conditions.  The evaluation of all Zone 3 
relays should use whatever ampere rating currently used that most closely approximates a 4-hour 
rating. 

Series Compensation Consideration — Since series capacitors can be bypassed, they 
cannot be considered the current limited element of a circuit in the definition of Emergency 
Ampere Rating above.  Exception 5, Special Considerations for Series Compensated Lines, is 
specifically for series compensated lines. 

Zone 3 Definition — The term Zone 3 relay should be defined as “any distance relay (forward or 
reverse) acting as remote backup (as defined in IEEE Standard C37.113, excerpted below), regardless of 
the nomenclature used or any relay that is intentionally set to protect facilities beyond the protected line.” 

NERC Recommendation 8, part A: 

All transmission owners shall, no later than September 30, 2004, evaluate the zone 3 relay 
settings on all transmission lines operating at 230 kV and above for the purpose of verifying that 
each zone 3 relay is not set to trip on load under extreme emergency conditions.6  In each case 
that a zone 3 relay is set so as to trip on load under extreme conditions, the transmission operator 
shall reset, upgrade, replace, or otherwise mitigate the overreach of those relays as soon as 
possible and on a priority basis, but no later than December 31, 2005.  Upon completing analysis 
of its application of zone 3 relays, each transmission owner may no later than December 31, 2004 
submit justification to NERC for applying zone 3 relays outside of these recommended 
parameters.  The Planning Committee shall review such exceptions to ensure they do not increase 
the risk of widening a cascading failure of the power system. 

 
6 The NERC investigation team recommends that the zone 3 relay, if used, should not operate at or below 
150% of the emergency ampere rating of a line, assuming a .85 per unit voltage and a line phase angle of 30 
degrees.
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US – Canada Recommendation 21, Part A 

“Make more effective and wider use of system protection measures.” 

“In its requirements of February 10, 2004, NERC: 

 Directed all transmission owners to evaluate the settings of zone 3 relays on all  
 transmission lines of 230 kV and higher.” 

 
“Task Force: 
Recommends that NERC broaden the review to include operationally significant 115 kV 
and 138 kV lines, e.g., lines that are part of monitored flowgates or interfaces. 
Transmission owners should also look for zone 2 relays set to operate like zone 3s.” 

IEEE Guide for Protective Relaying – Standard C37.113 

Section 5.3.7.1 – Remote Backup 
“This form of protection relies on the remote relaying on adjacent circuits to overreach the 
primary zones of protection.  Tripping is delayed to allow for the primary protection to 
operate.  The effects of infeed from adjacent lines must be taken into account to ensure 
complete coverage.  In some cases, if the remote backup relays cannot completely cover the 
protected zone under normal conditions, they must at least be able to operate sequentially.  
Obviously, this leads to lengthy delays in the clearing of faults.  A serious drawback of 
remote backup protection is the complete loss of supply to the affected substations, because 
all lines into the station have to be opened to remotely clear the fault.” 

US – Canada Task Force Recommendation 21, Part A 
In the US – Canada Power System Outage Task Force Final Report on the August 14, 2003 Blackout in 
the United States and Canada: Causes and Recommendations, issued in April 2004: 

Applicability of NERC Loadability Parameters 
NERC Recommendation 8A specifies applicability to Zone 3 relays, on lines 230 kV and above.  The 
United States – Canada Recommendation 21, Part A extends this to “operationally significant” lines of 
lower voltages (115 kV and 138 kV). 

However, philosophically, no circuit (including power transformers) should trip undesirably for expected 
and potential non-fault loading conditions.  Such conditions include normal and emergency loading 
conditions, and stable transient swings on the power system during system disturbances. 
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Cautions 
1. Although out-of-step blocking elements are sometimes applied to protect for system swing 

conditions, application of out-of-step blocking elements cannot be used to ensure meeting 
loadability requirements. 

2. Derating of transmission circuits solely for the purpose of conforming to NERC Recommendation 
8A should not be done without the recognition of the impacts to system transfer limits. 

3. All circuit rating changes must be coordinated with the TPSO’s Reliability Coordinator and 
neighboring systems. 

4. Exceptions granted under some situations must be reviewed annually, or whenever significant 
changes are made to the circuit or the surrounding system.  Where this is necessary, it is noted in 
the exception description. 

In all cases, adherence to the NERC Loadability Parameters shall not relieve the TPSOs 
of the responsibility to adequately protect the bulk transmission system. 
 

Therefore, the NERC Relay Loadability Parameters expressed in 
Recommendation 8A should apply to: 

• All circuits 230 kV and above 

• All critical circuits (as determined by the transmission owner’s Reliability Council 
through regional, multi-regional, or reliability coordination studies) 115 kV and 
above. 

• Any relays on lines, transformers, and series-reactors that may undesirably trip for 
expected and potential non-fault loading conditions, including: 

o All distance relays that can trip directly or as part of a pilot tripping scheme

o All types of phase-overcurrent relays 

In all cases, adherence to the NERC Loadability Parameters shall not 
relieve the TPSOs of the responsibility to adequately protect the bulk 
transmission system. 
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EXCEPTIONS 
TPSOs may apply for two types of exceptions:  temporary and technical.  Any petition for temporary 
exceptions shall include all necessary supporting documentation to help the Regions and the SPCTF 
review the requested exception.  Petitions for technical exceptions shall be submitted on the appropriate 
Technical Exception Template.  Any technical exception beyond those contained in this document will 
require substantial supporting documentation to be submitted with the exception request. 

Temporary Exceptions 
Temporary Exceptions allow for a delayed implementation schedule for facilities that require 
modification due to the inability to complete the work within the prescribed time frame because of facility 
clearance (equipment maintenance outages) or work force issues.  Temporary exceptions may also be 
granted for application of temporary mitigation plans until full implementation can be achieved. 

All applications for temporary exceptions should include sufficient justification for the 
delay in mitigation as well as a mitigation plan with a planned schedule for completion. 
For those facilities that are substantially outside the Recommendation 8A loadability requirements, the 
TPSO should have done everything practical with existing equipment to mitigate non-conforming relays 
and maximizing loadability before applying for temporary exceptions. 

Such mitigation includes but is not limited to: 

1. Elimination of unnecessary protection functions (beyond applicable protection needs) 

2. Adjusting the maximum torque angle on the relay 

3. Resetting of relays as possible while still meeting established protection practices 

Every effort should be made to mitigate non-conforming critical lines as soon as possible on a priority 
basis. 

Technical Exceptions 
Technical Exceptions would be justified on technical merit where facilities could not, under any 
reasonable contingency, be loaded to a level that would initiate a protective relay operation, under current 
system conditions.  Technical exceptions would be subject to review in light of future system changes. 

If Technical Exceptions to the loadability requirement are required, the TPSO is encouraged to use one of 
the exception groups in this document.  If none of those exception groups are applicable to the TPSO’s 
situation, then specific exception details can be submitted, with regional concurrence, to the SPCTF for 
evaluation and approval.  Complete documentation should be supplied with the exception request to allow 
the SPCTF to perform a timely and thorough review of the request. 

The following are a number of potential technical exemptions that can be requested.   
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Exception 1 — Utilize the 15-Minute Rating of the Transmission Line 
When the original loadability parameters were established, it was based on the 4-hour emergency rating.  
The intent of the 150% factor applied to the emergency ampere rating in the loadability requirement was 
to approximate the 15-minute rating of the transmission line and add some additional margin.  Although 
the original study performed to establish the 150% factor did not segregate the portion of the 150% factor 
that was to approximate the 15-minute capability from that portion that was to be a safety margin, it has 
been determined that a 115% safety margin is an appropriate margin.  In situations where detailed studies 
have been performed to establish 15-minute ratings on a transmission line, the 15-minute rating can be 
used to establish the loadability requirement for the protective relays.   

In the case that the 15-minute rating has been established, the loadability requirement is: 

The tripping relay should not operate at or below 1.15 times the 15-minute winter emergency ampere 
rating (Iemergency) of the line.  When evaluating a distance relay, assume a 0.85 per unit relay voltage and a 
line phase (power factor) angle of 30 degrees. 

Example:  
total

LL
relay I

VZ
××

×
= −

15.13
85.0

30  

Transmission operators are instructed to take immediate remedial steps, including dropping load, if the 
current on the circuit reaches Iemergency. 
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Exception 2 — Maximum Power Transfer Limit Across a Transmission 
Line 

The power transfer across a transmission line (Figure 2) is defined by the equation2: 

L

RS

X
VVP δsin××

=  

Where:  P = the power flow across the transmission line  

VS = Phase-to-phase voltage at the sending bus 

VR = Phase-to-phase voltage at the receiving bus 

δ = Voltage angle between Vs and VR 

XL = Reactance of the transmission line in ohms 

The theoretical maximum power transfer occurs when δ is 90 degrees. The real maximum power transfer 
will be less than the theoretical maximum power transfer and will occur at some angle less than 90 
degrees since the source impedance of the system is not zero.  For purposes of this exception, a number of 
conservative assumptions are made: 

• δ is set at 90 degrees 

• Voltage at each bus is set at 1.0 per unit 

• An infinite source is assumed behind each bus; i.e. no source impedance is assumed. 

No additional margin is applied in this exception because the above factors establish an inherent margin. 

The equation for maximum power becomes: 

LX
VP

2

max =  

V
P

I max
real

×
=

3
 

                                                      

2 More explicit equations that may be beneficial for long transmission lines (typically 80 miles or more) are 
contained in Appendix A. 

R

Sending Receiving
XS = 0 XR = 0XL

VS VR

ES = 1.0 PU

ER = 1.0 PU

Figure 2 – Maximum Power Transfer 
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L
real X

VI
×

=
3

 

Where: 

Ireal  = Real component of current 

V  = Nominal phase-to-phase bus voltage 

At maximum power transfer, the real component of current and the reactive component of current are 
equal; therefore: 

realtotal II ×= 2  

L
total X

VI
×
×

=
3
2

 

L
total X

VI ×
=

816.0
 

Where: 

Itotal is the total current at maximum power transfer. 

For this exception: 

The tripping relay should not operate at or below Itotal (where
L

total X
VI ×

=
816.0

).  When evaluating a 

distance relay, assume a 0.85 per unit relay voltage and a line phase (power factor) angle of 30 degrees. 

Example:  
total

LL
relay I

VZ
××

×
= −

15.13
85.0

30  
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Exception 3 — Maximum Power Transfer Limit Across a Transmission 
Line Based on the Breaker Interrupting Ratings at Each End of the 
Line  
The power transfer across the system shown in Figure 3 is defined by the equation3:  The source 
impedance for each terminal connected to the line is determined and the sending and receiving voltages 
set at 1.05 per unit. 

( )
( )LRS

RS

XXX
EEP

++
××

=
δsin

 

Where: 

P = Power flow across the transmission line 

Pmax = Maximum power that can be transferred across a system 

ES = Thévenin phase-to-phase voltage at the system sending bus 

ER  = Thévenin phase-to-phase voltage at the system receiving bus  

δ = Voltage angle between ES and ER 

XS = Calculated reactance in ohms of the sending bus (based on breaker interrupting duty) 

XR = Calculated reactance in ohms of the receiving bus (based on breaker interrupting duty) 

XL = Reactance of the transmission line in ohms 

The theoretical maximum power transfer occurs when δ is 90 degrees. All stable maximum power 
transfers will be less than the theoretical maximum power transfer and will occur at some angle less than 
90 degrees since the source impedance of the system is not zero.  For purposes of this exception, a 
number of conservative assumptions are made: 

• δ is set at 90 degrees 

• Voltage at each bus is set at 1.05 per unit 

• The actual source impedance is typically greater than the source impedance calculated based 
on the actual breaker ratings. 

                                                      

3 More explicit equations that may be beneficial for long transmission lines (typically 80 miles or more) are 
contained in Appendix A. 

R

Sending Receiving
XS XRXL

VS VRES = 1.05 PU ER = 1.05 PU

Figure 3– Maximum Power Transfer Based on Breaker Interrupting Ratings 
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No additional margin is applied in this exception because the above factors establish an inherent margin. 

For this exception, the source impedance that would limit the three-phase fault current on the line-side 
breaker bushing terminals is calculated based on the interrupting rating of the breaker. 

BRSBRS
S I

V
I

VX ×
=

×
=

577.0
3

 

BRRBRR
R I

V
I

VX ×
=

×
=

577.0
3

 

Where: 

V = Nominal phase-to-phase system voltage 

IBRS = Interrupting rating of the breaker in amps on the sending bus 

IBRR = Interrupting rating of the breaker in amps on the receiving bus 

The maximum power transfer across the system occurs when δ is 90 degrees across a system.  Therefore, 
the maximum power transfer equation becomes: 

( )LRS XXX
VVP

++
××××

=
δsin05.105.1

max  

V
PIreal

××
=

05.13
max  

( )LRS
real XXX

VI
++×

×
=

3
05.1

 

( )LRS
real XXX

VI
++

×
=

606.0
 

Where: 

Ireal = Real component of current 

Substituting for XS and XR: 

⎥
⎦

⎤
⎢
⎣

⎡
+

×
+

×
×

=

L
BRRBRS

real

X
I

V
I

V
VI

577.0577.0
606.0

 

At maximum power transfer, the real component of current and the reactive component of current are 
equal; therefore: 

realtotal II ×= 2  

⎥
⎦

⎤
⎢
⎣

⎡
+

×
+

×
××

=

L
BRRBRS

total

X
I

V
I

V
VI

577.0577.0
606.0414.1
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⎥
⎦

⎤
⎢
⎣

⎡
+

×
+

×
×

=

L
BRRBRS

total

X
I

V
I

V
VI

577.0577.0
857.0

 

Where: 

Itotal = Total current at maximum power transfer 

The tripping relay should not operate at or below Itotal.  When evaluating a distance relay, assume a 0.85 
per unit relay voltage and a line phase (power factor) angle of 30 degrees. 

Example:  
total

LL
relay I

VZ
×
×

= −

3
85.0

30  

This exception is valid as long as the breakers are not overdutied or replaced. 
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Exception 4 — System’s Site-Specific Calculated Maximum Power 
Transfer Limit 
For this exception, actual source and receiving end impedances are determined using a short circuit 
program and choosing the classical or flat start option to calculate the fault parameters.  The impedances 
required for this calculation are the generator subtransient impedances (Figure 4). 

The recommended procedure for determining XS and XR is: 

• Remove the line or lines under study (parallel lines need to be removed prior to doing the fault 
study) 

• Apply a three-phase short circuit to the sending and receiving end buses. 

• The program will calculate a number of fault parameters including the equivalent Thévenin 
source impedances. 

• The real component of the Thévenin impedance is ignored.   

The voltage angle across the system is set to 90 degrees, and the current magnitude (Imax) for the 
maximum power transfer across the system is determined as follows4: 

( )
( )LRS XXX

VP
++

×
=

2

max
05.1

 

Where: 

Pmax = Maximum power that can be transferred across a system 

ES = Thévenin phase-to-phase voltage at the system sending bus 

ER  = Thévenin phase-to-phase voltage at the system receiving bus  

δ = Voltage angle between ES and ER 

XS = Thévenin equivalent reactance in ohms of the sending bus  

XR = Thévenin equivalent reactance in ohms of the receiving bus 

XL = Reactance of the transmission line in ohms 

                                                      

4 More explicit equations that may be beneficial for long transmission lines (typically 80 miles or more) are 
contained in Appendix A. 

R

Sending Receiving
XS XRXL

VS VRES = 1.05 PU ER = 1.05 PU

Figure 4 – Site-Specific Maximum Power Transfer Limit 
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V = Nominal phase-to-phase system voltage 

( )LRS
real XXX

VI
++

×
=

3
05.1

 

( )LRS
real XXX

VI
++

×
=

606.0
 

The theoretical maximum power transfer occurs when δ is 90 degrees.  All stable maximum power 
transfers will be less than the theoretical maximum power transfer and will occur at some angle less than 
90 degrees since the source impedance of the system is not zero.  For purposes of this exception, a 
number of conservative assumptions are made: 

• δ is set at 90 degrees 

• Voltage at each bus is set at 1.05 per unit 

• The source impedances are calculated using the sub-transient generator reactances. 

No additional margin is applied in this exception because the above factors establish an inherent margin. 

At maximum power transfer, the real component of current and the reactive component of current are 
equal; therefore: 

realtotal II ×= 2  

( )LRS
total XXX

VI
++

××
=

606.02
 

)(
857.0

LRS
total XXX

VI
++

×
=  

Where: 

Itotal = Total current at maximum power transfer 

For this exception: 

The tripping relay should not operate at or below a calculated Itotal.  When evaluating a distance relay, 
assume a 0.85 per unit relay voltage and a line phase (power factor) angle of 30 degrees. 

Example:  
total

LL
relay I

VZ
×
×

= −

3
85.0

30  

This exception must be re-verified annually or whenever major system changes are made. 
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Exception 5 — Special Considerations for Series-Compensated Lines 
Series capacitors are used on long transmission lines to allow increased power transfer.  Special 
consideration must be made in computing the maximum power flow that protective relays must 
accommodate on series compensated transmission lines.  Capacitor cans have a short-term over voltage 
capability that is defined in IEEE standard 1036.  This allows series capacitors to carry currents in excess 
of their nominal rating for a short term.  Series capacitor emergency ratings, typically 30-minute, are 
frequently specified during design. 

The capacitor banks are protected from overload conditions by spark gaps and/or metal oxide varistors 
(MOVs) and can be also be protected /bypassed by breakers.  Protective gaps and MOVs (Figure 5) 
operate on the voltage across the capacitor (Vprotective). 

This voltage can be converted to a current by the equation: 

C

protective
protective X

V
I =  

Where:  

Vprotective = Protective level of voltage across the capacitor spark gaps and/or MOVs  

XC = Capacitive reactance 

The capacitor protection limits the theoretical maximum power flow because Itotal, assuming the line 
inductive reactance is reduced by the capacitive reactance, will typically exceed Iprotective.  A current of 
Iprotective or greater will result in a capacitor bypass. This reduces the theoretical maximum power transfer 
to that of only the line inductive reactance as described in Exception 2. 

The relay settings must be evaluated against 115% of the highest series capacitor emergency current 
rating and the maximum power transfer calculated in Exceptions 2, 3 or 4 using the full line inductive 

Figure 5 – Series Compensated Lines 

Metal-Oxide Varistor (MOV)

Capacitor (Fuseless)

Damping Circuit

Discharge Reactor

Triggered Gap

Bypass Breaker

Isolating MOD Isolating MOD

Bypass MOD

Platform

IProtective

Figure 5 – Series Capacitor Components 
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reactance (uncompensated line reactance).  This must be done to accommodate situations where the 
capacitor is bypassed for reasons other than Iprotective.  The relay must be set to accommodate the greater of 
these two currents. 

 

The tripping relay should not operate at or below the greater of: 

1. 1.15 times the highest emergency rating of the series capacitor.  When evaluating a distance 
relay, assume a 0.85 per unit relay voltage and a line phase (power factor) angle of 30 degrees.

2. Itotal (where Itotal is calculated under Exception 2, 3, or 4 using the full line inductive 
reactance).  When evaluating a distance relay, assume a 0.85 per unit relay voltage and a line 
phase (power factor) angle of 30 degrees. 

Example:  
total

LL
relay I

VZ
××

×
= −

15.13
85.0

30  
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Exception 6 — Weak Source Systems 
In some cases, the maximum line end three-phase fault current is small relative to the thermal loadability 
of the conductor.  Such cases exist due to some combination of weak sources, long lines, and the topology 
of the transmission system (Figure 6). 

Since the line end fault is the maximum current at one per unit phase to ground voltage and it is possible 
to have a voltage of 90 degrees across the line for maximum power transfer across the line, the voltage 
across the line is equal to: 

LNRSRS VVVV ×=+=− 222  

It is necessary to increase the line end fault current Ifault by 2  to reflect the maximum current that the 
terminal could see for maximum power transfer. 

faultII ××= 05.12max  

faultmax I.I ×= 4851  

Where: 

Ifault is the line-end three-phase fault current magnitude obtained from a short circuit study, 
reflecting sub-transient generator reactances. 

For this exception: 

The tripping relay should not operate at or below 1.15 times Imax, where Imax is the maximum end of line 
three-phase fault current magnitude. When evaluating a distance relay, assume a 0.85 per unit relay 
voltage and a line phase (power factor) angle of 30 degrees. 

Example:  
total

LL
relay I

VZ
××

×
= −

15.13
85.0

30  

 

Figure 6 – Weak Source Systems 
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Exception 7 — Long Line Relay Loadability 
This exception applies only to classical two-terminal circuits.  For lines with other configurations, see the 
exception for Three (or more) Terminal Lines and Lines with One or More Radial Taps (Exception 8).  A 
large number of transmission lines in North America are protected with distance based relays that use a 
mho characteristic.  Although other relay characteristics are now available that offer the same fault 
protection with more immunity to load encroachment, generally they are not required based on the 
following: 

1. The original loadability concern from the Northeast blackout (and other blackouts) was 
overly sensitive distance relays (usually Zone 3 relays). 

2. Distance relays with mho characteristics that are set at 125% of the line length are clearly not 
“overly sensitive,” and were not responsible for any of the documented cascading outages, 
under steady-state conditions. 

3. It is unlikely that distance relays with mho characteristics set at 125% of line length will 
misoperate due to recoverable loading during major events. 

4. Even though unintentional relay operation due to load could clearly be mitigated with 
blinders or other load encroachment techniques, in the vast majority of cases, it may not be 
necessary. 

If this exception is required, it is prudent that the relays be adjusted to as close to the 90 degree MTA 
setting as the relay can be set to achieve the highest level of loadability without compromising the ability 
of the relay to reliably detect faults. 
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Figure 7 – Long Line relay Loadability 
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The basis for the emergency current loading is as follows: 

Vrelay = Phase-to-phase line voltage at the relay location 

Zline = Line impedance 

Θline = Line impedance angle 

Zrelay = Relay setting at the maximum torque angle 

MTA = Maximum torque angle, the angle of maximum relay reach 

Zrelay30 = Relay trip point at a 30 degree phase angle between the voltage and current 

Itrip = Trip current at 30 degrees with normal voltage 

Iemergency = Emergency current (including a 15% margin) that the circuit can carry at 0.85 per unit 
voltage at a 30 degree phase angle between the voltage and current before reaching the 
relay trip point 

For applying a mho relay at any maximum torque angle to any line impedance angle: 
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The relay reach at the load power factor angle of 30° is determined from: 
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The relay operating current at the load power factor angle of 30° is: 
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The emergency load current with a 15% margin factor and the 0.85 per unit voltage requirement is 
calculated by: 
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For this exception: 

The loadability requirement of lines that do not meet the thermal loadability requirement because of 
line length can be adjusted as long as ALL of the following conditions are met: 

1. The most sensitive tripping relay is set for no more than 125% of the total line impedance.

2. The maximum torque angle (MTA) of the relay is set as close to 90 degrees as possible, as 
sanctioned by the protective relay manufacturer.  

3. The short-term emergency rating (Iemergency) of the line is equal to or less than: 
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Where V is the nominal line-to-line voltage and Zline is the impedance of the line in ohms. 

4. Iemergency of the circuit is used in all planning and operational modeling for the short-term 
(15-minute or that most closely approximates a 15-minute) emergency rating. 

5. No current or subsequent planning contingency analyses identify any conditions where the 
recoverable flow is greater than Iemergency. 

6. Transmission Operators are instructed to take immediate remedial steps, including 
dropping load, if the current on the circuit reaches Iemergency. 

If any of these conditions are violated, then the condition must be fully mitigated to avoid the 
loadability issue. 
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Exception 8 — Three (or more) Terminal Lines and Lines with One or 
More Radial Taps 
Three (or more) terminal lines present protective relaying challenges from a loadability standpoint due to 
the apparent impedance as seen by the different terminals.  This includes lines with radial taps.  For this 
exception, the loadability of the line may be different for each terminal of the line so the loadability must 
be done on a per terminal basis: 

The basis for the emergency current loading is as follows: 

Vrelay =  Phase-to-phase line voltage at the relay location  

Zapparent = Apparent line impedance as seen from the line terminal.  This apparent impedance is 
the impedance calculated (using in-feed where applicable) by the TPSO for a fault at 
the most electrically distant line terminal for system conditions normally used in their 
protective relaying setting practices. 

Θapparent = Apparent line impedance angle as seen from the line terminal 

Zrelay = Relay setting at the maximum torque angle. 

MTA = Maximum torque angle, the angle of maximum relay reach 

Zrelay30 = Relay trip point at a 30 degree phase angle between the voltage and current 

Itrip = Trip current at 30 degrees with normal voltage 

Iemergency = Emergency current (including a 15% margin) that the circuit can carry at 0.85 voltage 
at a 30 degree phase angle between the voltage and current before reaching the trip 
point 

For applying a mho relay at any maximum torque angle to any apparent impedance angle 

Figure 8 – Three (or more) Terminal Lines and Lines with One or More Radial Taps 
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The relay reach at the load power factor angle of 30° is determined from: 
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The relay operating current at the load power factor angle of 30° is:  
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The emergency load current with a 15% margin factor and the 0.85 per unit voltage requirement is 
calculated by: 
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For this exception: 

The loadability requirement for a terminal on a three terminal line that does not meet the thermal 
loadability requirement because of apparent impedance can be adjusted as long as ALL of the 
following conditions are met: 

1. The most sensitive tripping relay is set for no more than 125% of the apparent impedance 
as seen by that terminal. 

2. The maximum torque angle of the relay is set as close to 90 degrees as sanctioned by the 
protective relay manufacturer.  

3. The short term emergency rating Iemergency of the line is: 
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Where V is the nominal line-to-line voltage and Zapparent is the impedance of the line in 
ohms.  

4. Iemergency of the circuit is used in all planning and operational modeling for the short-term 
(15-minute) emergency rating.  

5. No current or subsequent planning contingency identifies any conditions where the 
recoverable flow is greater than Iemergency. 

6. Transmission Operators are instructed to take immediate remedial steps including 
dropping load if the current on the circuit reaches Iemergency.  

If any of these conditions are violated, then the condition must be fully mitigated to avoid the 
loadability issue. 



Version 1.1 Exception 9 

Relay Loadability Exceptions  Page 23 

Exception 9 — Generation Remote to Load 
Some system configurations have generation is remote to load centers or the main transmission busses.  
Under these conditions, the total generation in the remote area may limit the total available current from 
the area towards the load center.  In the simple case of generation connected by a single line to the system 
(Figure 9a), the total capability of the generator determines the maximum current (Imax) that the line will 
experience. 

For purposes of this exception the total generation output is defined as two times5 the aggregate of the 
nameplate ratings of the generators in MVA converted to amps at the relay location at 100% voltage: 

∑×=
N

nameplate

nameplate

PF
MW

MVA
1max 2  

relayV
MVAI

×
=

3
max

max  

Where: 

Vrelay = Phase-to-phase voltage at the relay location 

N = Number of generators connected to the generation bus 

                                                      

5 This has a basis in the PSRC paper titled:  "Performance of Generator Protection During Major System 
Disturbances", IEEE Paper No. TPWRD-00370-2003, Working Group J6 of the Rotating Machinery Protection 
Subcommittee, Power System Relaying Committee, 2003.  Specifically, page 8 of this paper states:  "…distance 
relays [used for system backup phase fault protection] should be set to carry more than 200% of the MVA rating of 
the generator at its rated power factor." 
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Figure 9a – Generation Remote to Load Center 
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For this exception: 

The tripping relay should not operate at or below 1.15 times the Imax.  When evaluating a distance relay, 
assume a 0.85 per unit relay voltage and a line phase (power factor) angle of 30 degrees. 

Example:  
total

LL
relay I

VZ
××

×
= −

15.13
85.0

30  

The same general principle can be used if the generator is connected to the system through more than one 
line (Figure 9b).  The Imax expressed above also applies in this case.  To qualify for this exception, all 
transmission lines except the one being evaluated must be open such that the entire generation output is 
carried across the single transmission line.  In using this exception, the TPSO must also ensure that loop 
flow through the system cannot occur such that the total current in the line exceeds Imax. 

For this exception: 

The tripping relay should not operate at or below 1.15 times Imax, if all the other lines that connect the 
generator to the system are out of service.  When evaluating a distance relay, assume a 0.85 per unit relay 
voltage and a line phase (power factor) angle of 30 degrees. 

Example:  
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Figure 9b – Generation Connected to System – Multiple Lines 
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Exception 10 — Load Remote to Generation 
Some system configurations have load centers (no appreciable generation) remote from the generation 
center where under no contingency, would appreciable current flow from the load centers to the 
generation center (Figure 10). 

Although under normal conditions, only minimal current can flow from the load center to the generation 
center, the forward reaching relay element on the load center breakers must provide sufficient loadability 
margin for unusual system conditions.  To qualify for this exception, the TPSO must determine the 
maximum current flow from the load center to the generation center under any system contingency.  The 
Reliability Coordinator must concur with this maximum flow. 

For this exception: 

The tripping relay should not operate at or below 1.15 times the maximum current flow as calculated by 
the TPSO.  When evaluating a distance relay, assume a 0.85 per unit relay voltage and a line phase 
(power factor) angle of 30 degrees. 

Example:  
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Figure 10 – Load Remote to Generation 
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Exception 11 — Remote Cohesive Load Center 
Some system configurations have one or more transmission lines connecting a cohesive, remote, net 
importing load center to the rest of the system.  For the system shown in Figure 11, the total maximum 
load at the load center defines the maximum load that a single line must carry. 

Also, to qualify for this exception, the TPSO must determine the maximum power flow on an individual 
line to the area (Imaxload) under all system contingencies, reflecting any higher currents resulting from 
reduced voltages, and ensure that under no condition will loop current in excess of Imaxload flow in the 
transmission lines.  The Reliability Coordinator must concur with this maximum flow. 

For this exception: 

The tripping relay should not operate at or below 1.15 times the maximum current flow as calculated by 
the TPSO.  When evaluating a distance relay, assume a 0.85 per unit relay voltage and a line phase 
(power factor) angle of 30 degrees. 

Example:  
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Figure 11 – Remote Cohesive Load Center 
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Exception 12 — Cohesive Load Center Remote to Transmission 
System 
Some system configurations have one or more transmission lines connecting a cohesive, remote, net 
importing load center to the rest of the system.  For the system shown in Figure 12, the total maximum 
load at the load center defines the maximum load that a single line must carry.  This applies to the relays 
at the load center ends of lines addressed in Exception 9. 

Although under normal conditions, only minimal current can flow from the load center to the electrical 
network, the forward reaching relay element on the load center breakers must provide sufficient 
loadability margin for unusual system conditions, including all potential loop flows.  To qualify for this 
exception, the TPSO must determine the maximum current flow from the load center to the electrical 
network under any system contingency.  The Reliability Coordinator must concur with this maximum 
flow. 

For this exception: 

The tripping relay should not operate at or below 1.15 times the maximum current flow as calculated by 
the TPSO.  When evaluating a distance relay, assume a 0.85 per unit relay voltage and a line phase 
(power factor) angle of 30 degrees. 

Example:  
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Appendix – ii Relay Loadability Exceptions 

Long Line Maximum Power Transfer Equations 
 

Lengthy transmission lines have significant series resistance, reactance, and shunt capacitance.  The line 
resistance consumes real power when current flows through the line and increases the real power input during 
maximum power transfer.  The shunt capacitance supplies reactive current, which impacts the sending end 
reactive power requirements of the transmission line during maximum power transfer.  These line parameters 
should be used when calculating the maximum line power flow. 

The following equations may be used to compute the maximum power transfer: 
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The equations for computing the total line current are below. These equations assume the condition of 
maximum power transfer, δ = 90º, and nominal voltage at both the sending and receiving line ends: 
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Where:   

P = the power flow across the transmission line  

VS = Phase-to-phase voltage at the sending bus 

VR = Phase-to-phase voltage at the receiving bus 

V = Nominal phase-to-phase bus voltage 

δ = Voltage angle between VS and VR 

Z = Reactance, including fixed shunt reactors, of the transmission line in ohms* 

Θ = Line impedance angle  

B = Shunt susceptance of the transmission line in mhos* 

*  The use of hyperbolic functions to calculate these impedances is recommended to reflect the distributed 
nature of long line reactance and capacitance. 
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Related Reading and References 
The following related IEEE technical papers are available at: 

http://pes-psrc.org 

under the link for "Published Reports" 

The listed IEEE Standards are available from the IEEE Standards Association at: 

http://shop.ieee.org/ieeestore 

The listed ANSI Standards are available directly from the American National Standards Institute at  

http://webstore.ansi.org/ansidocstore/default.asp 
 

1. Performance of Generator Protection During Major System Disturbances, IEEE Paper No. 
TPWRD-00370-2003, Working Group J6 of the Rotating Machinery Protection Subcommittee, 
Power System Relaying Committee, 2003. 

2. Transmission Line Protective Systems Loadability, Working Group D6 of the Line Protection 
Subcommittee, Power System Relaying Committee, March 2001. 

3. Practical Concepts in Capability and Performance of Transmission Lines, H. P. St. Clair, IEEE 
Transactions, December 1953, pp. 1152–1157. 

4. Analytical Development of Loadability Characteristics for EHV and UHV Transmission Lines, R. 
D. Dunlop, R. Gutman, P. P. Marchenko, IEEE transactions on Power Apparatus and Systems, 
Vol. PAS –98, No. 2 March-April 1979, pp. 606–617. 

5. EHV and UHV Line Loadability Dependence on var Supply Capability, T. W. Kay, P. W. Sauer, 
R. D. Shultz, R. A. Smith, IEEE transactions on Power Apparatus and Systems, Vol. PAS –101, 
No. 9 September 1982, pp. 3568–3575. 

6. Application of Line Loadability Concepts to Operating Studies, R. Gutman, IEEE Transactions on 
Power Systems, Vol. 3, No. 4 November 1988, pp. 1426–1433. 

7. IEEE Standard C37.113, IEEE Guide for Protective Relay Applications to Transmission Lines  

8. ANSI Standard C50.13, American National Standard for Cylindrical Rotor Synchronous 
Generators. 

9. ANSI Standard C84.1, American National Standard for Electric Power Systems and Equipment – 
Voltage Ratings (60 Hertz), 1995 

10. IEEE Standard 1036, IEEE Guide for Application of Shunt Capacitors, 1992. 

11. J. J. Grainger & W. D. Stevenson, Jr., Power System Analysis, McGraw- Hill Inc., 1994, Chapter 
6 Sections 6.4 – 6.7, pp 202 – 215. 

12. Final Report on the August 14, 2003 Blackout in the United States and Canada:  Causes and 
Recommendations, U.S.-Canada Power System Outage Task Force, April 2004. 

13. August 14, 2003 Blackout: NERC Actions to Prevent and Mitigate the Impacts of Future 
Cascading Blackouts, approved by the NERC Board of Trustees, February 10, 2004 
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