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1. missing practical MOTIVATION

Howard Illian's accompanying paper
 explains how what appears to be a mere mathematical transformation converts the WATEC ACE equation into the NERC ACE equation, just by (a) decomposing the Time-error correction term that the WECC Auto Time-Error Correction methodology inserts into the NERC Area Control Error equation and by (b) regrouping each of the two decomposed parts of that term with the other adjacent term in the equation.  However, the paper does not point out how, corresponding to a non-zero part of the Time-error correction term in one Control Area's ACE equation, there is a similarly decomposable and regroupable portion
 of the Time-error correction term in the ACE equations of all the other Control Areas that equals zero but only if it is properly coordinated with the first Control Area's properly decomposed and implemented Time-error correction term. The WATEC ACE equation does even worse by unfortunately (i) only assuming that term is equal to zero, therefore (ii) ignoring and omitting it by focusing only on "Primary" Inadvertent Interchange, and therefore (iii) failing to depict the very mechanism of coordination between Control Areas needed to be able to convert the WATEC ACE equation into the NERC ACE equation. 

While Howard's paper does the service of depicting this coordination mechanism mathematically, it does not explain the corresponding physical operations, interpretation or meaning of this mathematical mechanism/transformation (even if implemented by software/programming which is a physical process).   Therefore the paper does not give the compelling physical reason for (taking specific physical action to implement) actually making and carrying out the depiction/transformation, aside from not "changing the actual [intended but not currently realized] control actions" and aside from referring to a previous paper he provided to the NAESB IIPTF where some explanation and reason are embedded in an in depth investigation and evaluation of the WATEC Methodology.
  Furthermore, neither paper nor the WECC's own presentation provides sufficient intuitive understanding behind the WECC Auto Time-Error Correction term, beyond "trust me" mathematical formalism.  I herein offer both the explanation and the intuition.  

2. the Problem of "uncoordinated" auto time-error correction 

The current WATEC methodology seeks to automatically correct Time error and pay back Inadvertent Interchange in the process. The WECC currently implements that methodology in an uncoordinated and blind way that may harm control performance as evaluated by NERC's Control Performance Standard and accordingly make the WATEC methodology inconsistent with CPS1.  In particular WATEC is implemented by individual Control Areas who in isolation blindly from one another perform single Time-error corrections that Howard shows1 are decomposable into two parts for purposes of coordination with the other Control Areas.  To make WATEC consistent with CPS1, whenever any Control Area makes a Time-error correction, each of the other Control Areas must also make two coordinated corrections that sum to zero when done correctly.  Because they sum to zero, they appear not to (need to) be made at all under the current uncoordinated methodology and so the WATEC ACE equation explicitly ignores them.  While one of these coordinated corrections consists of paying back all "Secondary"
 Inadvertent Interchange corresponding to the "Primary"4 Inadvertent Interchange being paid back, the WATEC ACE equation avoids recognition of "Secondary Inadvertent" [included in what I define as "Error"4] by focusing explicitly and exclusively on "Primary" Inadvertent Interchange [or Scheduling error4].  What results is "unilateral" minute-by-minute implementation of Time-error correction undifferentiated between its two component parts by just one Control Area uncoordinated with the other Control Areas.  This causes inappropriate rapid response by the other Control Areas inappropriately distributed/differentiated among the two component parts of their otherwise coordinated corrections.

 In other words, the current practice is at variance with CPS1 because surprise unscheduled payback begets additional Scheduling error in response and, as a result, prevents the ACE equations across the Interconnection from adding up to current aggregate Scheduling error plus the Time-error correction as they are supposed to for CPS1 compliance purposes.  Instead the ACE equations add up to current aggregate Scheduling error plus a Time-error correction term that is undifferentiated in composition as to the two components and any other item that may be in there, including a non-zero sum of Inadvertent Interchange.  The result is that it is impossible to apply the CPS1 measure which requires knowledge of the Scheduling error and the response to Scheduling error, together adjusted for the Time-error correction.  That adjusted "Error" needs not only to be used inside the ACE equation itself which is calculated every minute, but also to be multiplied times the ACE equation to get the CPS1 performance measure.  The CPS1 performance is in turn measured against a specific limit on the single adjusted "Error" for the Interconnection.

All we need to do to remedy the situation (to avoid the emergence of extra Scheduling error) is to decompose the Time-error correction into its two component parts [convert "Scheduling error" into  Error] to enable us in practice to specify (a) that Primary (governor) Response that had been deployed "to limit the size" of past frequency error be "corrected" for by adjusting scheduled frequency in the current governor-response obligation that "limits the size" of current frequency error and guides control action against a predictable fixed scheduled-frequency basis through the hour, and not by an unknown portion of some unplanned sudden unilateral payback that varies minute-by-minute over the hour, (b) that the unilateral payback of the Inadvertent Interchange portion of the Time-error correction be explicitly identified and scheduled by each Control Area, so that it "bilateralizes" by summing to zero across the Interconnection rather than adding some error to ACE additional to Time-error correction, and (c) that the denominator H consisting of hours to spread the Time-error correction actions over be the same for all Control Areas.  "Coordination" means that each Control Area performs its "bias" share of correction of the Time error "caused" by only one of the Control Areas.  So, the corresponding "payback" of (secondary) Inadvertent Interchange being made by each of the other Control Areas is exactly equal and opposite to each of those Control Areas' bias share of the Time-error correction.  That makes the net action by each of the other Control Areas zero because of its exact decomposition4.  That also makes the action by the Control Area that "caused" the Time error in the first place correct the entire error because its "payback" of Inadvertent Interchange is equal and opposite to all the other Control Areas' Inadvertent paybacks and in the same direction as its bias share of the Time-error correction.   

Howard Illian's paper1 proceeds to show the specific rearrangement to make of the mathematical symbols in the correction term that WATEC inserts into the CPS1 ACE equation.  This rearrangement enables Control Areas to end the current practice of uncoordinated, undifferentiated, minute-by-minute surprise correction over the hour, and to implement the planning and scheduling practice (basically software/programming) necessary and sufficient to make the WATEC correction term have no impact on the ACE equation used in measuring CPS1 performance.  This conforms to NERC's overriding mandate to ensure that an Interconnection manage reliability on a planned basis.  Uncoordinated unilateral autopayback forces the counterparties on the interconnection to respond on an unplanned basis.  Howard's modification and the physical implementation of it converts unplanned response into planned response.

3. Explaining and simplifying the WATEC ACE Equation to enable coordination

The ACE Equation used for control on the Western Interconnection when implementing the WATEC Methodology was provided on slide 23 of the WECC Workshop presentation on Auto Time-Error Correction dated May 30-31, 2002. http://www.wecc.biz/committees/OC/CMOPS/PWG/documents/TE_Workshop_Slides_3-11-03.pdf  All terms of this equation but the third term (red-circled below) are included in the standard NERC ACE Equation.  The NERC ACE Equation actually subsumes the fourth term, T0b, into the first term as a balanced bilateral schedule, while the Western Interconnection has separated it out into the fourth term.  The third (red-circled) term of the Equation (1) is the additional "correction" term that the Western Interconnection methodology requires:
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              BS  :  Interconnection S's Frequency Bias

              Bi  :  Control Area i's Frequency Bias.

Equation (1) is simplified here as Equation (2) below by (a) renaming the Primary Inadvertent IIPrimary/(1-Y) term as TEForCorrection (Time Error For Correction), (b) eliminating the (1-Y) term from the divisor of IIPrimary because it is also hidden in IIPrimary itself (the numerator)4, and (c) dividing IIPrimary of all Control Areas by the same single number H of future hours over which single Time-error corrections are evenly spread in the interest of reducing any disturbance to system performance caused by the error correction. Note: Sis divided by 60 cycles (based on the "reference frequency" of 60 cycles/second) to express "cycles" of Time error (also expressed on the basis of the reference frequency of 60 cycles/second) as "Hertz" (defined as "cycles per second") of Time error, and S is in turn multiplied by MW of "bias" per 10 Hertz to get the MWh/hour equivalent, or MW equivalent, of the Time error.  [Division of both numerator and denominator by 10 results in the division by 6.] 
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(2)

Where:
NIA  :  Actual Net Interchange.

NIS  :  Scheduled Net Interchange.

FA  :  Actual Frequency.

FS  :  Scheduled Frequency.
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(3)


IIi : (Schedule consisting of) Control Area i's Accumulated Inadvertent Interchange.


Bi  :  Control Area i's Frequency Bias.



H  :  
Hours used to spread the payback.


T0b : Any remaining Inadvertent Interchange, accumulated prior to some date [the institution of automatic Time-error correction in January 2003 in the case of WATEC] and being bilaterally paid back.




IME  :  Meter Error Correction.




S :  Accumulated Time error in cycles @ 60 cycles/second reference frequency.

Howard presents the ACE Equation in all known values by substituting Equation (3) into Equation (2) to get
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The third (red-circled) term of Equation (4), as adjusted here, does not change the form of the standard NERC ACE Equation because the term sums across the Interconnection, at any of the H hours, to (a) a correction of the accumulated Time error, plus (b) the zero-sum of any payback of the accumulated Inadvertent Interchange.  This "correction" term (a) is also the missing "Secondary Response" that was needed to correct the accumulated Scheduling error, as opposed to the "Primary Response" obligation which is the second term of the ACE equation that only "arrests" frequency error but does not correct it.  A Control Area's Secondary "Response" is supposed to (a) take out or "replace" the Primary Response that had been deployed to arrest frequency error and (b) in the process "reverse" or "pay back" the Inadvertent Interchange which is the portion of a Control Area's own Scheduling error that is not being offset by the Control Area's Primary Response to it.  

Accordingly the first part of the third (red-circled) "correction" term in Equation (4) calls for the Control Area's "replacement" by late planned Response of the Control Area's MW share (Bi) of the Interconnection's primary response already made to "arrest" a portion (1/H) of the accumulated frequency error expressed in "tens" of cycles divided by the 60 cycles of per-second reference frequency, or expressed in cycles divided by 6 cycles, to get the frequency error in "Hertz" defined as "cycles per second".  The second part of the third "correction" term in (4) calls for the Control Area's planned payback of a portion (1/H) of its Inadvertent Interchange accumulation.  This is also the Control Area's late planned Response to "correct" the extended effect on frequency of the portion of the Control Area's own Inadvertent Interchange that is the portion of the Control Area's Scheduling Error that was not already "offset" by the Control Area's Primary Response. NERC's current Disturbance Control Standard would normally have preempted some time error since it requires the Control Area that made the original "causal" Scheduling error constituting an "event" that lowered frequency to make these two corrections as "Secondary Response" within a 15 minute "recovery" period, albeit in an uncoordinated way. 

The Control Area should not use surprise unilateral payback to provide both parts of its correction term. As Howard Illian has mentioned, that would induce some action by the other Control Areas that is opposite of what it should be.  In surprise payback by the Control Area, the other Control Areas do not contribute their bias share of S/(6H), which is supposed to be equal and opposite to the payback of Inadvertent Interchange they are simultaneously supposed to be receiving.  Instead the other Control Areas at least partly do the opposite and provide opposite new response. So, while the surprise payback by the Control Area may pay back the energy of the other Control Areas' original response, it causes the other Control Areas to incur a double expense for the quick response capability/availability that they have now deployed for a second time and in the opposite direction to limit the Control Area's payback's impact on frequency with no compensation to the other Control Areas either for new energy or for the extra quick-responsiveness value!   This also underscores why the other Control Areas need to be assessed a Frequency Contribution Component
 for the amount of Inadvertent Interchange they incurred that was equal to and in the same direction as their original quick response, but that is supposed to be paid back only on a coordinated scheduled basis without incurring new Error. Moreover, if the payback of the past Inadvertent Interchange is not coordinated, it will not be bilateral and will have a disturbing effect on ACE in the process of Time-error correction.  

Howard makes one further modification to Equation (4) to be CPS1 compatible and thereby enable Control Areas to avoid the complicating and CPS1-defeating effect of doing Time-error correction exclusively by a single uncoordinated "unilateral payback" of Time error.  This is done by grouping the first part ("replacement" of the previous Primary Response by current late Secondary) of the correction term into the second term of Equation (4), the Frequency Bias/response obligation term.  The second part (the payback of previous Inadvertent Interchange by late Secondary Response) of the correction term can be moved into the fourth term of Equation (4), the Bilateral Payback term.  This eliminates the "unilateral payback" third term of Equation (4), reducing the final ACE Equation to the traditional 4 terms instead of the previous 5:
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(5)

In this rearranged ACE Equation (5) the scheduled frequency is reinterpreted to be FS instead of FS.  This method of (a) converting late replacement of Primary Response into a change in scheduled frequency and of (b) scheduling unilateral payback of Inadvertent Interchange so that it sums to zero across the Interconnection and therefore becomes bilateral, conforms, but now nicely in a way compatible with CPS1, to the previous WATEC as long as H is the same for all Control Areas.

This ACE Equation is compatible with CPS1 and can be used in 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, eliminating the problem of scheduled frequency's being indeterminate under the current single uncoordinated payback implementation of WATEC's methodology, and achieving payback by scheduled frequency offset.  Second, since the Inadvertent Interchange portion of the payback is identified and therefore scheduled, it bilateralizes because it sums to zero across the Interconnection and in no way disturbs Interconnection frequency.  To the receiving Control Areas these two effects cancel out, making the initiating Control Area the effective payer back.  Therefore, this ACE Equation can be used for the calculation of CPS1 without submerging or masking CPS1 performance by an undifferentiated Time-error correction term as a result of the Time-error correction.  This effectively makes the enforcement of Automatic Time-Error Correction compatible with enforcement of CPS1 and subsumes Inadvertent Interchange payback under a wider Time-error correction methodology which includes a term for "Primary Response replacement", not just Inadvertent Interchange payback.  That "primary response replacement" amounts to payback by scheduled frequency offset while Inadvertent-Interchange-payback schedules balance in aggregate.  This nevertheless compensates the original primary response not for its very costly wear-and-tear quickness-to-respond standby capability to immediately stop growth in frequency deviation5, but only for its energy. 

4.  Summary and Conclusions

The alternative ACE Equation (5), offers a  methodology that is allowed by the ACE Equation (1) or ACE Equation (2) currently being used on the Western Interconnection, and that conforms to the CPS1 criterion by not resorting to single unplanned unilateral payback.  Basically this implementation of WATEC augments the standard ACE equation by regrouping in the ACE term the two components of the decomposition of WATEC's Time-error correction term: (a) adding, to the scheduled frequency, (1/H of) the accumulated Time error (in Hertz), as an alternative to sudden unplanned and uncoordinated "replacement" of previous primary response in the current WATEC Time-error correction methodology, and (b) adding to any Bilateral Payback by the Control Area for this hour (1/H of) the accumulated Inadvertent Interchange that the Control Area needs to pay back this hour, not as uncoordinated surprise unilateral payback under the current WATEC Time-error correction practice, but as payback that turns out to be bilateralized for being scheduled and for summing to zero with the rest of the Interconnection's accumulated Inadvertent Interchange.  This assures that the same ACE Equation can be used for both control and performance.  Otherwise, if (i) different divisors H are used by different Control Areas, and (ii) surprise unilateral payback is performed that includes new Scheduling error, the Time-error correction may immeasurably deteriorate ACE performance under CPS1 because the correction may actually defeat itself and CPS1 compared to the alternative to (i) and (ii).  By adopting the coordinated control practice that using the alternative form (4) of the ACE Equation implies, the Western Interconnection can bring the enforcement of Auto Time-Error Correction including Inadvertent Payback within the CPS1 criterion without having to change their basic Automatic Time-Error Correction methodology.

































































































I am grateful to Howard Illian and Tom Vandervort for comments.


� Illian, H.F., Conforming WECC Auto Time Error Correction to CPS1, September 30,2004, Presented to the NAESB IIPTF.  � HYPERLINK http://www.naesb.org/pdf/weq_iiptf101904w3.doc ��http://www.naesb.org/pdf/weq_iiptf101904w3.doc�


� This "portion" consists of two parts: (a) a Control Area's "bias" share of payback of another Control Area's "Scheduling error", plus (b) payback of the Control Area's "Secondary" Inadvertent Interchange that was caused by the other Control Area's "Scheduling error" and that is identical in amount and opposite in direction to the Control Area's bias share of payback, as explained in footnote4 below.  This "portion" should equal zero provided the Time-error correction is coordinated according to Howard's paper and the discussion below.  However this zero "portion" includes the components not of "Scheduling" error but of "response" to another Control Area's Scheduling error.  Accordingly, while coordinated "Time" error correction should numerically be equal to "Scheduling" error correction, we cannot call Time-error correction "Scheduling error correction".  Time error and Scheduling error are not the same even when equal numerically.  


� Illian, H. F., WECC Auto Time Error Correction Analysis, December 1, 2003, Presented to the NAESB IIPTF.  � HYPERLINK http://www.naesb.org/pdf/weq_iiptf121003w5.pdf ��http://www.naesb.org/pdf/weq_iiptf121003w5.pdf�





� Intuition behind the conversion of the Time-error correction term:


DEFINITION 1: "Inadvertent" is Inadvertent Interchange of energy.   


DEFINITION 2: Your "Primary Inadvertent" is your Inadvertent that your Scheduling error caused. 


DEFINITION 3: Your "Scheduling error" is your Primary Inadvertent LESS your response to your own Scheduling error 


DEFINITION 4: Your "Secondary Inadvertent" is your Inadvertent that somebody else('s Scheduling error) caused. 


DEFINITION 5: Your "Error" is your Primary and Secondary Inadvertent less your response to all Scheduling errors on the Interconnection (including your own). 


AXIOM 1: Your Primary Inadvertent is equal and opposite to everybody else's response to your Scheduling error.


AXIOM 2: Your Secondary Inadvertent and your response to everybody else's Scheduling errors are equal and in the same direction. 


THEOREM 1: Therefore they cancel out in your Error, making your Error reduce to your Scheduling error. 


COROLLARY: Accordingly, your Primary Inadvertent equals your Scheduling error PLUS your response to your own Scheduling error.


THEOREM 2: Your Primary Inadvertent is equal and in opposite direction to the sum of all the other Control Areas' Secondary Inadvertent. 


In the WATEC equation, we transform Scheduling error used by WATEC [in our equation (1)] into Error [used in our equation (3)] thus: 


1. The correction term starts out by being Scheduling error, by DIVIDING your Primary Inadvertent by (1-Y) [i.e. SUBTRACTING back your response to your own Scheduling error] in equation (1). 


2. We then convert your Primary Inadvertent to everybody else's response to your Scheduling error, which is your Error MULTIPLIED by (1-Y) [i.e. ADDING back your response to your own Scheduling error] in equation (3). 


3. Steps 1 & 2 cause the division and the multiplication by (1-Y) [or the subtraction and the addition of your response to your own Scheduling error] to cancel out, leaving Error in equation (4), including the zero-term consisting of your secondary Inadvertent less your responses to everybody else's Scheduling errors. 





� Blohm, R. "Solving the Crisis in Unscheduled Power", Public Utilities Fortnightly 142, No. 8, 62-8 (August 2004) � HYPERLINK http://www.blohm.cnc.net/UnscheduledPower.pdf ��http://www.blohm.cnc.net/UnscheduledPower.pdf�
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