Attachment B



Linear-regression-line basis for a Frequency Response Reliability standard. (Note: throughout we assume that f is being measured in units of 0.1 Hz.)

(Multi-year) Frequency-Response Reliability (FRR) of Interconnection I: MW b)/(MWI/f). 	
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FRR enables determination of the minimum amount of MW in frequency response resources (called “depth” by the concept’s developer, Howard Illian) needed to be provided by Interconnection I at MWI/f of frequency response to keep reliable for 10 years.   The Interconnection I’s Frequency Response MWI/f (always a negative number) determines the amount of units of MWI that the entire Interconnection I is providing in “response” (opposite in sign) to a unit of frequency deviation f. 

Causality from Frequency Response to size of event likely within ten years. Decline in Frequency Response allows MW events to have a bigger impact on frequency.  This in turn fattens the probability/risk distribution of frequency deviations, in other words causes the ruler/scale on the frequency-deviation f-axis of the distribution to contract relative to a fixed shape of the distribution.  That makes large MW events ever more likely, i.e. to go from being in the outer tail to falling inside the less-than-10-year-likelihood internal mass of the distribution.  In other words the amount in MW of available response needed to keep the Interconnection reliable within 10 years is increasing because a unit of frequency deviation is causing ever fewer units of MW to be deployed to arrest the deviation.  
  
Deriving the Minimum Reliable Interconnection Frequency Response: (MWI/f)MIN .  By inputting an anticipated frequency response MWI/f into FRR, you derive the MW of minimum available response required to assure 10 years of reliability.  If that MW becomes greater than, say, the UFLS relay setting (meaning that those relays are now likely to be tripped sooner than once in ten years), the Interconnection is operating unreliability, in other words at an unreliably low level of frequency response.  The frequency response at that threshold point is the Interconnection’s Minimum Reliable  Frequency Response.








2. Allocation to BAs i of Frequency Response Obligation (FROi) which is each BA i’s assigned share ACEi/(BIf) of the Interconnection I’s Minimum Reliable Interconnection Frequency Response (MWI/f)MIN :  FROi = (ACEi/(BIf))  (MWI/f)MIN  =  ACEi/f  ((MWI/f)MIN/(BI)), where ACEi can be interpreted as BA i’s historical (regression) “average” ACEiduring past events, and where the term ((MWI/f)MIN/(BI)) 1 as long as the Interconnection is reliable and BI MWI/f.  As the Interconnection gets less reliable (i.e. as (MWI/f)MIN/BI 1), FROi gets bigger.
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BA i’s assigned share mi = ACEi/(BIf):












Each point along the horizontal axis contains one or more frequency events.  Each frequency event consists of a vertical array of three dots representing this Interconnection’s 3 BAs’ ACEis (converted into frequency by dividing by negative aggregate Interconnection “Bias” BI for that event).  The event density decreases the further out along the horizontal axis, while the ACE behavior vertically disperses with the increased magnitude of those decreasingly frequent events and thus the upward slope of the regression lines determined by the Interconnection regression line which, by its mathematical definition, must be an upward sloping 45-degree line.     

A BA i’s Frequency Response Obligation share mi = ACEi/(BIf) of Minimum Reliable Interconnection Frequency Response (MWI/f)MIN  is determined by BA i’s % control contribution to events , not to normal control errors (the domain of the CPS1 standard and AGC).   That control contribution % is summarized by the linear regression line through the origin of the plot of BA i’s ACE performance during each event.  For all means and purposes the probability distribution of “events” begins beyond 4 standard deviations from the origin of the probability distribution of frequency errors.  It is at that point that Howard Illian’s frequency research has determined that the “fat tail” of exponentially distributed frequency “events” overtakes the tail of the rapidly diminishing number of distributed “operating” frequency errors.  [The Frequency Trigger Limit (FTL) of the BAAL Standard may be set at that point where exceedances reach a manageably small number to be addressed individually.]  Within the 4 or 5 standard deviations, the distribution of events takes the form of a chi-square distribution which peaks before declining to zero as “events” approach zero in magnitude.  Moreover, the plot of frequency deviations becomes ever denser with the sheer multitude of mere operating errors as frequency error gets smaller and smaller in magnitude.  That sheer density, which is managed by the CPS1 standard and AGC-type control, would overtake the behavior we are seeking to measure beyond 4 standard deviations where frequency response is the crucial determinant of system reliability as “first line of defense”.  Moreover, that density would pose an increasingly computational nightmare while diluting the effectiveness of the result. 

Interpretation of FROi .  Basically a BA i’s maximum FROi per 0.1 Hz is  its historical average ACEi during past events, achieved if the Interconnection’s aggregate Bias actually declines to the Minimum Reliable Interconnection Frequency Response.  This may seem self-contradictory because ACEi does not show provision of Frequency Response as a positive number because the ACE equation “subtracts” response from performance, in other words “expects it” by giving you a negative score if you don’t provide it.  In other words, if BA i provides only Frequency Response but no other Net Interchange, its ACEi is zero.  Therefore the current FROi gives no credit for provision of Frequency Response during events.   MW events tend to hurt frequency rather than help frequency, unlike run-of-the-mill often-offsetting operating errors.  Therefore the best most BAs immediately do is to provide Frequency Response to an event and not much more to offset it.  ACEs tend to show contribution to the event.  The FROi appears to be self-defeating because a BA i which always provides only its required response and causes no event has an FROi = 0!  In other words, FRO appears to act in such a way that, by meeting your obligation and causing no error, you reduce your obligation!  That appears to be a proper incentive rather than its opposite (namely by meeting your obligation you only increase it).  What is the resulting outcome?  The result is an equilibrium in terms of where the FRO is set.  A BA i that somehow achieves perfect control so as NEVER to contribute to events is known as an islanded BA I, off the Interconnection.  In other words it should have no FROi because physically it cannot possibly have an FROi .  Meeting its FROi from a compliance perspective does NOT mean that BA i will not cause events which are not offset by BA i’s own provision of response.  What FROi is saying is that “BA i should not contribute to events out of proportion to its FROi share of Minimum Reliable Interconnection Frequency Response (MWI/f)MIN “.  If BA i increases Interconnection risk by contributing proportionately more events than before that its individual FROi compliance itself cannot by definition prevent, then BA i should be required henceforth to contribute a bigger share to the Interconnection’s Frequency Response that is deployed to contain all events.  If BA i contributes an excess amount of events, all BAs are providing the additional frequency response to counter those events.  Instead, only BA i itself should be required to contribute that additional Frequency Response that the entire interconnection is being required to provide.  What FRO compliance does is to provide TWO incentives to each BA i : not only (1) to provide required Frequency Response (as measured by FRMi), but also (2) to proportionately manage (according to the FROi reset process) its own MW events’ contribution to Interconnection risk that USES the Frequency Response.  In other words FRO compliance assures not only adequate fire fighting but also adequate fire prevention!  This interpretation is in sychrony with what Howard Illian has mentioned over the years and therefore serves to validate the definition herein of FRO as consistent with his own.          
 
--Prepared by Robert Blohm on the basis of discussions with Howard Illian May 9, 2010.
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