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1. Introduction

The WECC Auto Time Error Correction Methodology (WATEC) in its current form does not comply with the requirements for meeting the CPS1 Performance Criteria.  The basic problem is that the WATEC Method uses intentionally imbalanced interchange schedules to correct time error without adjusting the scheduled interconnection frequency.  The failure to have balanced interchange schedules is the first condition that causes the WATEC Method to fail to comply with CPS1 criteria.  The hidden adjustment in scheduled frequency caused by the imbalanced interchange schedules is the second condition that causes the WATEC Method to fail to comply with CPS1 criteria.  This paper demonstrates how the WATEC can be made to conform to the CPS1 Performance Criteria without changing the control actions provided by the current methodology.  When the Time Error Correction Methodology is modified as suggested herein, the resulting control continues to correct time error and automatically payback Inadvertent Interchange.
2. Previous Analysis
In a previous paper provided to the NAESB IIPTF the WATEC Methodology was investigated and evaluated in depth.
  This previous paper demonstrated that the WATEC Methodology was equivalent to performing concurrent interconnection wide time error correction and interconnection wide balanced Inadvertent Interchange payback.  It can be concluded from that analysis that the problems with the current methodology can be corrected by simply modifying the WATEC implementation equations to conform to the CPS1 Performance Criteria requirements without changing the actual control actions taken.  This is possible because the necessary information to conform to CPS1 is available but is not included in the current WATEC ACE Equation.  Therefore, by simply modifying the form of the ACE Equation to include the necessary information, the methodology can be brought into conformance.  Since only the form of the ACE Equation is modified, the actual ACE Equation values used for control and performance measurement are identical to the ACE values provided by the current WATEC Method.
3. WATEC ACE Equation
The ACE Equation used for control on the Western Interconnection when implementing the WATEC Methodology is provided on slide 23 of the WECC Workshop presentation on Auto Time Error Correction dated May 30-31, 2002.  It is repeated here as Equation 1 with WECC additions in yellow.
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(1)
Where:
NIA   =   Net Interchange Actual.

NIS   =   Net Interchange Scheduled.

FA   =   Frequency Actual.

FS   =   Frequency Scheduled.
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(2)

IIi   =   Inadvertent Interchange for Control Area i.
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(3)

Bi   =   Frequency Bias for the Control Area.



BS   =   Frequency Bias for the Interconnection.



H   =
Hours used to spread the payback.

T0b = Bilateral Payback for Inadvertent Interchange created prior to implementation of automatic payback.



IME   =   Meter Error Correction.



S  =
 Time Error for the hour.
Equation 2 presents a term that has the dimension of MWs.  The first term on the right side of Equation 2 is dimensionless because both the numerator and the denominator have the same dimension, MW / 0.1 Hz.  The second term of the right side of Equation 2 has two parts.  The first part is the Inadvertent Interchange and has the dimension of MWs.  The second part is made up of three variables and a constant.  In this case the H has been included.  The first variable in the numerator has the dimension of MW / 0.1 Hz.  The second variable in the numerator is time error correction in Seconds.  The constant in the denominator is the result of two conversion factors.  If the equation is written in a slightly different form the dimensionality becomes more obvious.
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(2a)

When written in this form the dimensionality is easier to see.  The first variable in the numerator of second part of the second term is now presented as ten times MW / 0.1 Hz, or MW / Hz.  The numerator includes the constant 60 which is the conversion to Cycles from Seconds, and has the dimension of Cycles / Second.  The variable is in Seconds so the numerator becomes MW-Cycles / Hz.  The denominator is now the constant 3600 which is the conversion between Hours and Seconds, and has the dimension of Seconds / Hour plus the variable H which is in Hours.  Therefore, the total equation is MW-Cycles / Hz-Second.  Since Cycles / Second reduces to Hz, the final dimensionality is in MW.
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 (2c)
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 (2d)

The equation presented on slide 23 is a simplification of the WATEC Method because it fails to indicate that the Inadvertent Interchange, IIi, and the Time Error, S, terms are not single hour terms, but are instead moving average terms averaged over the number of hours used to spread the payback, H.  This simplification from the presentation does not affect the validity of the following equation modifications.
The ACE Equation is presented in known values by substituting Equations 2 and 3 into Equation 1, multiplying the top and bottom of the time error part by 10, and simplifying the result.  This is shown below as Equation 4.
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(4)
The first, second, fourth and fifth terms of the equation are included in the standard NERC ACE Equation.  The third term of Equation 4 is the additional term that the Western Interconnection has included.  It can be split into two parts.  The first part is an interconnection wide bilateral Inadvertent Interchange payback.  The second part is the interconnection wide adjustment to frequency to correct the time error.  These two parts have a common divisor of H.  H must be the same in both parts for the methodology to remain consistent with the original WATEC ACE Equation.
Equation 4 can be modified to move the previous hours Inadvertent Interchange into the fourth term of Equation 4, the Bilateral Payback term.  In addition, the time error correction term can be moved into the second term, the Frequency Bias term.  This eliminates the third term of Equation 4 and restores the equation to the same form as the NERC ACE Equation with slightly different terms shown as Equation 5.
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(5)
The first term of Equation 5 is the Tie-line Error term, the second term is the Frequency Bias term, the third term is the balanced Inadvertent Interchange Payback term and the fourth term is the Meter Error Correction term.

Equation 5 includes an extra part in the Frequency Bias term that represents an interconnection wide adjustment to scheduled frequency.  ACE Equation 5 is modified by considering the scheduled frequency to be the value shown in Equation 6, FS', instead of FS, 60 Hz.  This new scheduled frequency is the correct scheduled frequency to be used in the ACE Equation for CPS1 performance measurement.
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(6)
The final ACE Equation has the same form as the NERC ACE Equation.  If it is used for control, it is equivalent to the previous WATEC equation as long as the time error part and the Bilateral Inadvertent Interchange part are divided by the same value, H, to spread them over the same number of hours.
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(7)
Equation 8 shows Equation 7 with the new scheduled frequency term substituted.
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(8)
This ACE Equation is compatible with CPS1 and can be used for the CPS1 calculation because it meets all of the requirements for CPS1.  First, all of the Control Areas are controlling to the same frequency, FS', thus eliminating the problem of frequency being indeterminate.  Second, since the sum of the Inadvertent Interchange over the interconnection is zero, the scheduled payback of the Inadvertent Interchange is balanced.  Therefore, this ACE Equation can be used for the calculation of CPS1.  This effectively includes the enforcement of the automatic time error correction and Inadvertent Interchange payback methodology within the CPS1 criteria.
4. Other Considerations

The value to be used for H must still be determined.  This value must be the same for all Control Areas on the interconnection for the methodology to conform to the CPS1 criteria.  The issue of choosing a value for H is not addressed in this paper.
5. Summary and Conclusions
The alternative ACE Equation, Equation 8, offered is identical in value to the ACE Equation currently being used on the Western Interconnection and is identical in form to the NERC ACE Equation.  It appears in a different form that allows it to conform to the CPS1 criteria.  This assures that the same ACE Equation can be used for both control and performance.  By using this alternative form of the ACE Equation, the Western Interconnection can bring the enforcement of the Auto Time Error Correction and Inadvertent Payback within the CPS1 criteria without changing their Automatic Time Error Correction method.
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