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	Comments


AEPSC submits these comments to provide additional information regarding the need for enhanced standards for the design, operation and maintenance of the new 345 kV Facilities associated with the CREZ transmission system.
CREZ Application Considerations

Issues with carrier-based schemes for EHV line protection

The carrier-based schemes such as directional comparison blocking scheme (DCB) or permissive overreaching transfer trip scheme (POTT) are relying on the phase distance (21P) / ground distance (21G) / overcurrent  (50N) / directional (67N) elements of digital relays to detect / distinguish internal and external faults so as to initiate high-speed trip for internal faults. The carrier-based schemes are susceptible to misoperation because of some issues related to their building blocks.

1. Mutual Coupling 

For long distance double-circuit lines or parallel lines in the same right-of-way, the mutual coupling between the two lines can be a problem for carrier-based schemes. When ground fault occurs, the 21G or 50N elements may overreach or underreach under various operational conditions because of the zero sequence voltage induced from zero sequence current flowing on the other line. Similarly, the 67N element can assert the wrong direction due to the influence of these zero sequence currents.

2. Current Reversal 

The parallel lines cause a current reversal problem in DCB or POTT. In these schemes, the 21P/21G/67N elements for the healthy line will see fault direction change when the breakers of the faulty line are not tripped simultaneously. Hence the healthy line may be tripped by a DCB or POTT scheme.

3. Power Swing

When there is a loss of critical generation or transmission lines, power swing can occur in the area due to the unbalance between the generation and the load. It is imperative that the other lines in the area should remain intact to keep from aggravating the situation if the power swing is recoverable. The 21P elements are very susceptible to power swings because of the apparent impedance variations caused by power swing. Since DCB or POTT use 21P elements for phase fault detection, these schemes are susceptible to power swing mis-operations.

4. Voltage Transients

The voltage transients that are caused by external faults, CCVTs, motor loads, etc. may have significant impact on the performance of distance elements or directional elements so as to cause mis-operation in DCB or POTT. 

5. Carrier 

The failure of the carrier equipment or channel can cause either a security or dependability failure.  The security failure results in a failure to trip and the dependability failure results in an over trip.

Issues with series-compensated EHV line protection
A series-compensated EHV line can improve power transmission capability and system stability, meanwhile it can introduce a number of issues to distance/directional overcurrent elements as well as carrier-based schemes.

1. Non-linear Apparent Impedance from Series Capacitor and Metal Oxide Varistor (MOV)

To prevent damage from over-voltage during the faults, the series capacitors could be protected by air gap, MOV or thyristor controller (TCSC), among which MOV is mostly used. A MOV is installed in parallel with the series capacitor bank. If the fault current is high, the MOV will conduct so that the capacitor bank could be bypassed. But if the fault current is not high enough, the MOV may not fully conduct such that the series capacitors and MOV are both accounted in the apparent impedance, which is non-linear that caused the three sequence (positive, negative, zero) component networks to be mutually coupled with each other. The distance relays and ground directional overcurrent relays are relying on the sequence components therefore they could be confused.

2. Voltage and Current Inversion

In DCB or POTT, the distance elements and directional overcurrent elements are used to determine fault direction, which is derived from the phasor relationships among voltages and currents in phase quantities or sequence components. The natural phasor relationship of those voltage and current signals could be shifted significantly by the series capacitor and MOV, which is well known as voltage inversion and current inversion. Because of this, neither DCB nor POTT can be guaranteed to trip for internal faults only.

3. Sub-synchronous Resonance 

When fault occurs in the vicinity of a series-compensated line, sub-synchronous resonance could be produced from series capacitance and the network inductance. The corresponding low frequency signals as seen by relays can hardly be filtered out because the digital filters are designed with small data windows for fast response. Hence the estimated phasors could have error in both magnitude and phase. Since the phasor estimation is fundamental to a digital relay, all the protection functions could be affected.  

4. Distance Relay Settings

The settings for series compensated line are difficult for distance protection coordination. Because of compensation, the distance zone 1 reach has to be reduced to a small fraction of the line, or even disabled. The time delayed distance zone 2 needs to reach far enough to cover the line with margins when series capacitors are bypassed. But this could cause overreaching problem when the capacitors are not bypassed. For ground distance relays, the zero-sequence compensation factors are fixed settings. But for a series-compensated line, the compensation factor can be drastically affected by the fault position and fault current level. It means the reach of ground distance element could have significant error.

5. The Others

The above are just some known issues for series compensated line protection. There are still some unknowns that are up to specific system configurations and system components. The fault transients caused by interactions among generators, transformers, power electronics, reactors, motors, CVTs and series capacitors are difficult to determine without extensive simulation studies. The performance of protective system may only be evaluated by a close-loop type real time digital simulation system such as RTDS.

Recommendations on CREZ line protection schemes

Most CREZ 345kV lines will be built as double circuits that have significant mutual coupling between the parallel lines. Some CREZ 345kV lines are long lings with series compensation. Since these 345kV lines will compose the bulk transmission system for the competitive renewable energy zone (CREZ) in Texas, it is important to deploy the most reliable line protection schemes for them.

1. Use Fiber-based Line Differential Scheme as Primary Protection

Compared with carrier-based pilot schemes such as DCB or POTT, the current differential (87L) scheme can avoid all the problems mentioned above. The 87L relays uses optical fibers as communication channels to compare current flowing into the line at one terminal and out of the line at the other terminal, such that the differential current caused by internal and external faults would be significantly different. Since the 87L functions on current input only, it is not affected by the voltage-current phase relationship or any voltage transients. Compared with carrier based DCB or POTT, it is immune to the problems caused by mutual-coupling and series compensation. In addition, it is stable during power swing and there is no coordination issue with the 87L function.

Because of optical fiber communication, the 87L was regarded as expensive in the past. However, ever since the advent of technology such as Optical Fiber Composite Overhead Ground Wire (OPGW), the cost of fiber communication for a new transmission line has become fractional, compared with the benefit it brings. The vital importance of CREZ line protection can justify the additional cost to use OPGW for a new transmission line. In addition, the fiber cables will become part of the communication infrastructure to handle the increasing demands of SCADA data, Synchrophasor data, disturbance monitoring system data, substation surveillance system, voice communication, etc. Considering these benefits and the fractional cost of OPGW cable, there is no doubt that any utilities involved with CREZ shall install OPGW for every new transmission line.   CREZ represents the building or re-building of the ERCOT transmission backbone.  The CREZ facilities will last 75 years or more.  This is the time to maximize the new power grid protection & control performance. 

2. Redundancy

The protection redundancy is an important link of the overall system reliability. Since the CREZ 345kV lines compose the backbone transmission system of renewable energy in large capacity, it is recommended to have dual high-speed primary schemes for all CREZ 345kV lines. The primary scheme shall be fiber-based 87L, while the other high-speed scheme could be 87L,or POTT over a diverse route. Dual 87L is recommended for short line applications, series-compensated applications and long distance double-circuit applications. By using one OPGW cable per line a network capable of both a short path and a long path architecture can be developed resulting in independent dual routes for each relay system.

If both primary and secondary schemes are fiber-based 87L, different types of relays shall be used to prevent common-mode failure. 

The outcome of a fiber based communication network having both short path and long path through a self-healing communication system is that dual independent high-speed protection is available to clear line faults rapidly and reliably within the renewable energy undervoltage ride through capability.

	Overall Market Benefit
	

	Overall Market Impact
	

	Consumer Impact
	


	Revised Proposed Guide Language


None at this time.
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