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Settlement Metering Operating Guides Revision Request

	SMOGRR Number
	SMOGRR2002-1
	SMOGRR Title
	SMOGRR - Section 3.2 Quantity, Current Transformers & Section 4.1 Quantity, Voltage Transformers

	Status
	Approved as revised by the Meter Working Group, Pending submittal to the Wholesale Market Sub-committee

	Settlement Metering Operating Guide Section Requiring Revision
	Section 3.2 & Section 4.1

	Protocol Section Requiring Revision, if any.
	None

	Requested Resolution
	Change wording of SMOG section 3.2 & section 4.1

	Revision Description
	A.) Change the wording of section 3.2 and section 4.1 to correctly distinguish between the type of power system neutral grounding and the appropriate metering configuration. 

B.) Change the wording of section 3.2 & section 4.1 to clarify that the application of current transformers in two phases, three voltage transformers connected line-to-ground and two-stator metering will be correct for metering a facility connected to a three-wire wye neutral grounded transmission system provided single phase power equipment is not connected line-to-ground.

	Reason for Revision
	A.) The existing language (“…four wire wye connected metering…” “…three wire connected metering…” “…four wire wye grounded source at a Transmission level voltage two element metering…”) does not correctly distinguish between the power system characteristics and the appropriate metering configuration. The EEI “HANDBOOK FOR ELECTRICITY METERING” (9th Edition) has a section titled “MULTI-STATOR METER APPLICATIONS WITH INSTRUMENT TRANSFORMERS” which describes “four-wire wye”, “three-wire secondary without ground” and “three-wire wye secondary circuit with neutral grounded.”  The ERCOT transmission system is a three-wire wye neutral grounded transmission system.  Only three power carrying conductors are provided on transmission circuits.   However, the ERCOT transmission system is an effectively grounded system (as defined in IEEE Std. C69.92.5-1992 “IEEE Guide for the Application of Neutral Grounding in Electrical Utility Systems, Part V – Transmission Systems and Subtransmission Systems”).  The basic factors considered when using this type of grounding system are overvoltage control, ground fault-current magnitude and protective relaying selection – the ground connection is not used for actual transfer of power.  The ERCOT transmission system is not “a four wire” system and is not a delta system.  The last paragraph of this section in the EEI “HANDBOOK FOR ELECTRICITY METERING” substantiates this fact.  Also, the EEI “HANDBOOK FOR ELECTRICITY METERING” characterizes the meters themselves as either single-stator, two-stator or three-stator. 

B.) The question of should the metering practice be to ‘meter the load’ or ‘meter the source’ for transmissions systems is best answered by applying the information given in the EEI “HANDBOOK FOR ELECTRICITY METERING”.    The EEI “HANDBOOK FOR ELECTRICITY METERING” contains extensive application information pertaining to low and medium voltage self-contained metering but only has a small section titled “MULTI-STATOR METER APPLICATIONS WITH INSTRUMENT TRANSFORMERS” which addresses metering transmission circuits.  However, this section does state“ …the three-wire wye connection with neutral ground is frequently encountered.  With voltages in the order of 24,000 volts the designer is reasonably certain that customer loads will not be connected line to ground and two-stator metering will be correct.  However, this may not always be the case.”   But for three phase power transformers with delta or ungrounded wye winding connection, phase-to-phase connected single phase power transformers, etc. where energy is supplied only through the three phase wires, then it is always correct metering as defined by “Blondel’s Theorem” and three-stator metering is not any better.  This theorem is based on the number of conductors transporting energy and therefore multiple power transformers or metering of generation connected to these type power transformer connections does not affect the decision to utilize this type of metering.  The application of current transformers in two phases and two-stator metering will be correct for metering a facility connected to a three-wire wye neutral grounded transmission system if the facility has only power equipment that does not provide a connection for ground path power current (e.g. three phase power transformers with delta or ungrounded wye winding connection, phase-to-phase connected single phase power transformers, etc.) because energy is supplied only through the three phase wires to the power equipment. 
The application of current transformers in two phases and two-stator metering is a standard in the utility industry for a facility that has only power equipment that does not provide a connection for ground path power current. 

The current that may flow in the ground path power at a facility connected to a three-wire wye neutral grounded transmission system due to insulators, surge arresters, and voltage transformers connected phase-to-ground (which are typically applied on each phase and therefore predominately balanced) is negligible (i.e. less than the error that exists in the instruments transformers alone).
Harmonics are generally not a concern in the transmission system current or voltage.  However, any effect on metering performance of harmonics that may be present in the transmission system current or voltage would be similar whether the metering is two-stator or three-stator metering when applied to a facility with only power equipment that does not provide a connection for ground path power current (e.g. three phase power transformers with delta or ungrounded wye winding connection, phase-to-phase connected single phase power transformers, etc.).  Any concern that harmonics may be present in the transmission system current or voltage should be handled on a case by case basis. 
The EEI “HANDBOOK FOR ELECTRICITY METERING” discusses the fact that  “When voltage transformers are connected in wye-wye there is a third-harmonic voltage generated in each primary winding.”  This issue will be the same whether the metering is two-stator or three-stator metering when applied to a transmission facility.  This issue is addressed by ensuring that each voltage transformer is connected to the transmission facility grounding system.  This “… provides a path a path for third-harmonic current flow, thereby keeping the third-harmonic voltage at a low value.”

As long as it can be verified that the facility being metered has only three phase power transformers with delta or ungrounded wye winding connection, phase-to-phase connected single phase power transformers, etc. where energy is supplied only through the three phase wires then the length of line should not affect the decision to utilize this type of metering.

With this understanding and verification of the circuit connections, two-stator metering will be correct and this application should not be restricted to only existing sites (grandfathering).

Requiring the use of three current transformers where only two are necessary for metering and the current transformer in the third phase is not needed for some other reason (power quality monitoring, etc.) is not efficient use of resources (cost of current transformers, stands, foundations, conduit, wiring, installation and ongoing maintenance).  Also, the additional high voltage current transformers can fail disruptively, potentially damaging other equipment.
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	Proposed Settlement Metering Operating Guide Language Revision


3.2 Quantity




· 
Current transformers shall be installed, one in each phase, for metering of an EPS facility, which is connected to a four-wire wye neutral grounded system or in two phases for metering of an EPS facility, which is connected to a three-wire ungrounded system.

Current transformers may be installed in two phases for metering of an EPS facility which is connected to a three-wire wye, neutral grounded transmission system if phase-to-ground loads or phase-to-ground sources are not connected between the metering point and the power transformer primary windings. The EPS facility can have power equipment connected that do not provide a connection for ground path power current (e.g. three phase power transformers with delta or ungrounded wye winding connection, phase-to-phase connected single phase power transformers, etc.).   

· Exclusions:

· Potential transformers 

· Surge protectors

TDSP shall verify that all power transformer primary connections behind the metering point are ungrounded delta, ungrounded wye or phase to phase. This verification shall be performed by the TDSP on an annual basis, at each required site certification and any time changes are made to the circuit configuration.

The EPS Design Proposal one line will need to include designation of all connected power transformers.

· One line detail must show all tapped power transformers

· When new power transformers are tapped, a new design proposal must be submitted to ERCOT showing the additional tapped power transformer.

A professional engineer registered in the state of Texas shall provide a certification that the three VT two CT metering is an accurate metering configuration for the specific EPS metering point as specified in this document.  Such certification should be based on the TDSP detailed drawings submitted with the site approval request, with confirmation of site certification by an approved TDSP EPS Meter Inspector.

TDSP shall be responsible for confirming that the facility meets the requirements outlined above. For metering an EPS facility connected to a three-wire wye neutral grounded transmission system and not meeting these requirements, current transformers shall be installed in each phase.
Voltage Transformers

4.1 Quantity

(a) Voltage transformers for a four-wire wye neutral grounded system (three single phase units or one three phase unit) shall be installed, one from each phase conductor to the circuit neutral.  

(b) Voltage transformers (two single phase units) for a three-wire ungrounded system shall be installed from phase to common phase.  

(c) Voltage transformers (three single phase units or one three phase unit) for a  three-wire wye, neutral grounded transmission system may be installed from phase to ground on the primary and be used for two-stator metering. The TDSP must ensure the following conditions: 

· TheEPS Facility does not have equipment that provides a path for ground path power current (except insulators, surge arresters, voltage transformers) connected to the three-wire wye neutral grounded transmission system.

· The three metering voltage transformers must be connected to  the grounding system of the transmission facility for the voltage reference.

· The meter potential elements shall be connected from phase to common phase on the secondary of the voltage transformers.

· The secondary circuit of the metering potentials shall be connected to the grounding system of the transmission facility.
(d) Provisions for attachment of a calibration unit should be provided on each phase conductor.

	Timeline

	Date Received
	2-21-2002

	Date Posted
	2-22-2002 (submitted to MWG distribution list)

	MWG Review Date
	Final review 3-19-2002

	MWG Recommendation
	Approve as revised

	MWG Protocols Impact Analysis
	No impact

	MWG Recommended Implementation Date
	Immediate
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