Technical Indefensibility of the Balancing Resources and Demand Drafting Team Research to date: 5 problems + a practical solution + a red herring.

1. The research attempts the mathematically impossible task of calculating the probability of tripping frequency relays by calculating the underfrequency abnormal errors without knowing (a) the probability of the overfrequency abnormal errors, in other words instead of calculating the total probability distribution of all the abnormal errors, both over- and under- frequency as illustrated in red in the diagram below, and (b) the probability of the normal errors that can also trip frequency relays. 
The distribution of frequency error, both normal and abnormal, needs to be the primary database because it is the only uniform one that covers the complete spectrum/distribution of control error both overfrequency and underfrequency. 2 statistical distributions need to be extracted/decomposed/filtered from the distribution of frequency error, one for the normal errors and one for the abnormal errors. The underlying theoretical probability distributions of these need to be convoluted together back into a single probability distribution. 
The research attempts to bypass convolution of the distribution of the normal errors with the abnormal errors by the impossible mathematical operation of clustering all the normal errors at the low Frequency Trigger Limit, as a condition on the probability of the 1st single underfrequency contingency. This is impossible because some of the normal errors need to be clustered likewise at the high Frequency Trigger Limit, and how much is unknown because the research does not determine the relative size of the underfrequency portion of the probability distribution of total abnormal errors, compared to the overfrequency portion to allocate the normal-error clusters at the low and high Frequency Trigger Limits proportionately to the relative size of the over- and under- frequency portions of the probability distribution of total abnormal errors.  
PCE's clustering technique more-correctly applied for avoiding convolution of the probability distributions of the normal errors with the abnormal errors would have the further extremely unlikely and unrealistic requirement that normal underfrequency errors are always coincident with underfrequency abnormal errors, and normal overfrequency errors are always coincident with overfrequency abnormal errors.  

More correct application of PCE's clustering technique is therefore impossible because previous investigations indicate that normal errors are distributed "normally", in equal amounts of underfrequency error and overfrequency error, while abnormal errors are distributed in unequal amounts with more underfrequency error than overfrequency error.  Therefore, normal and abnormal frequency errors cannot always be coincident and correspond to the PCE clustering technique.  

PCE's clustering technique is further unrealistic for requiring that the errors are always exactly equal to the Frequency Trigger Limit.   

Moreover, by Bayes' Theorem discussed below, the total joint probability is really the multiplication of the conditional probability of the abnormal errors times the probability of normal errors at the Frequency Trigger Limit.  The probability of the normal errors at the Frequency Trigger Limit cannot equal 100% once they are split between overfrequency normal errors and underfrequency normal errors.   

The figure below illustrates those mathematical impossibilities of the research methodology. 
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The figure below shows the standard statistical way of decomposing the statistical distribution of a combined process (of, say, controllable frequency errors and uncontrollable contingencies) and recombining the decomposed statistical distributions into a single joint probability distribution of the combined process.
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2. The research methodology ignores the fundamental law for combining probabilities, known as Bayes' Theorem, which requires conditional probabilities to be multiplied, not added.  It is therefore futile to use an announced objective of once-in-10-years to set the control limits because it sets the control limits exceedingly tight by that very definition: the limits currently being proposed assure no more than one event (relay trip) in 2 1/2 million years (or in 10 billion years using the very incomplete PCE methodology criticized in section 1 above) which is the joint probability of the 3 probabilities determined by the 2 frequency (abnormal and trigger) limits!   Therefore a practical basis needs to be used to set control limits at a threshold point based on research on frequency where, assuming current compliance with CPS1, violations by the interconnection would occur reasonably rarely.  A field test cannot reveal/test this Interconnection-wide characteristic, especially if tested limits are set too tight only to watch the Interconnection violate them too often when implemented. 
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3. The disregard of Bayes' Theorem results from an attempt to mix up the deterministic n-2 contingency methodology of determining transmission-system robustness (which is location specific) by counting/adding specific contingencies, and the probabilistic/risk-management methodology of frequency control where multiple actions (regardless of location) are in constant interaction, individual actions are all relative to each other, and therefore partial/conditional probabilities combine multiplicatively, not additively or deterministically. 
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4.  Backwards Mixup of First and Second Contingency.  The First Contingency is actually the Second Contingency and vice versa.  A First Contingency of multiple-unit outage is used to determine FALlow and a Second Contingency of largest single-unit outage is used to determine FTLlow.  However, in the order of frequency deterioration from the FTLlow, the Second Contingency is deemed to occur first in temporal sequence to bring the Interconnection to the FALlow where the First Contingency is deemed to occur second to bring the Interconnection to the FRLlow.

5.  PCE Research omitted the -20 mHz fast Time-Error-correction offset.  Fast Time-Correction shifts the Frequency Trigger Limit (FTLlow) 20 mHz closer to the Frequency Abnormal Limit (FALlow, which is calculated from ACTUAL frequency), now setting the FTLlow only HALF the biggest unit contingency away from FALlow, in contradiction of the research methodology which is supposed to set FTLlow to accommodate the biggest unit contingency of 1300 MW, not 600 MW!  To solve this problem one of two actions must be taken when fast time-error correction occurs: 

(a) Shift FALlow 20 mHz closer to the Frequency Relay Limit (FRLlow) half the time and this reduces the distance of the FALlow to 4 standard deviations (70 mHz) from 5 standard deviations (90 mHz) away from the FRL and therefore to much more frequent relay trip than the once-in-ten years probability of relay trip that the research purports to set the FALlow to.  This now creates a new contradiction in the research methodology, that the FALlow is now too close to the FRLlow.  Alternatively,

(b) Shift the FTLlow 20 mHz closer to 60 Hz, to -32 mHz which is less than 2 standard deviations away from 60 Hz and means that FTLlow would be triggered 5 % of the time, or for one hour each day!

Accordingly, the basis of the research for setting the FALlow and FTLlow is either:

(i) destroyed if action (a) is taken, or 
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(ii) impractical if action (b) is taken because FTLlow is set so tight (at -32 mHz or less than 2 standard deviations) half the time, namely when fast-time-error correction is occurring.
.
6.  3 practical criteria for setting FTLlow and FALlow in recognition of Bayes' Theorem.  (a) Set FTLlow at sufficiently below 60 Hz so that FTLlow is triggered less frequently than, say, once a year on the basis of the probability distribution of frequency error.  (b) Set FALlow at a distance from FTLlow that is sufficient to include most of the statistical variability of frequency that occurs within a half hour, including time-error-correction offset. (c) Verify that the distance between the frequency-response reversal point C and the settling point B falls inside the difference between FRL low and FAL low.  Previous frequency research suggests that the current proposed low Frequency Trigger Limit of -52 mHz (slightly less than 3 "standard deviations" on the Eastern Interconnection) would be triggered too often and unnecessarily, for 30 hours a year.  Set at -72 mHz (4 standard deviations of 18 mHz each on the Eastern Interconnection), it would be triggered for less than an hour a year.  The result of blindly applying the same research methodology to ERCOT and to the Western Interconnection depends merely on where the Frequency Relay Limit happens to be set and the result could very well be a Frequency Trigger Limit that is intolerably close to 60 Hz, such as happened for the Eastern Interconnection before the second (actually the first in time-sequence) "largest" contingency was reduced to a single unit instead of a common mode multi-unit failure just to make the dubious methodology "fit".  This proves that the ultimate criterion is practicality, or how often the Frequency Trigger Limit and the Balancing Authority ACE Limits are reached, not some impossible version of double contingency and some likelihood of triggering frequency relays.  FTLlow should be set to limit the BAAL exceedences by the more numerous smaller BAs who exceed their BAAL much more frequently than large BAs' because the smaller BAs that would make up a large BA are more numerous than that single large BA.
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7.  PCE's criticism of BAAL and recommended replacement of BAAL violate the covariance principle of CPM1.  PCE's report also wrongly claims that BAAL makes ACE a "linear" function of frequency error.  BAAL in fact makes ACE a "nonlinear" function of frequency because it "covaries" ACE with frequency error so that the product of ACE and frequency error equals "bias share" of the square of the Frequency Trigger Limit.  PCE's recommendation would in fact make the BAAL much like the fixed megawatt L10 limit whenever frequency is within the FTL.
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-----Original Message-----

From: Robert Blohm [mailto:rb112@columbia.edu] 

Sent: Friday, April 01, 2005 1:24 PM

To: Vice, Raymond L.; rs_plus@nerc.com

Cc: Wilkerson, Randy ; jsholema@duke-energy.com;

Erik.Hansen@pgnmail.com; Sammy.Roberts@pgnmail.com;

Verne.Ingersoll@pgnmail.com; William Reinke; Corbin, Steve M.

Subject: RE: freq_20050401.xls: evidence that FTL is much too tight!

Raymond says "Note that this is getting pretty close to the Frequency Trigger Limit (FTL) of 59.95 Hz. that the BRD SDT is recommending for the BRD proof of concept field test."

This drives home that the FTL is much too tight!  It is set at a probability of once-in-10-BILLION years of triggering the relay limit, as calculated in my previous email.  This is longer than the life of nuclear waste!  The research methodology has hopelessly confused [inappropriate] "addition" of multiple transmission contingencies, with [appropriate] "multiplication" of conditional probabilities of frequency deviation.  In this circumstance the field test is meaningless, and the general membership will never approve the limits/standard in extreme arbitrary/confused excess of the "once in ten years" probabilistic definition/principle of reliability, especially if this fact is made clear to them in the comment period and not suppressed.

> -----Original Message-----

> From: Vice, Raymond L. [mailto:RLVICE@southernco.com]

> Sent: Friday, April 01, 2005 1:00 PM

> To: rs_plus@nerc.com

> Cc: Wilkerson, Randy ; jsholema@duke-energy.com;

> Erik.Hansen@pgnmail.com; Sammy.Roberts@pgnmail.com;

> Verne.Ingersoll@pgnmail.com; William Reinke; Corbin, Steve M.

> Subject: FW: freq_20050401.xls

> 

> Resources Subcommittee Folks (RSF)

> 

> Randy's info shows a low frequency of about 59.952 Hz. at about 6:03 AM

> (I assume EDT, although I couldn't catch Randy to confirm) this morning,

> 4/1/05.  It also shows that frequency dropped to below 59.960 just after

> 6:00 AM and remained there for nearly ten minutes.  If anyone knows why

> frequency dropped so low this morning, please let Randy and me know.

> 

> Note that this is getting pretty close to the Frequency Trigger Limit

> (FTL) of 59.95 Hz. that the BRD SDT is recommending for the BRD proof of

> concept field test.

> 

> RLV

> 

> PS - Randy is with Progress Energy - Carolina.  RLV

> 

> -----Original Message-----

> From: Wilkerson, Randy [mailto:randy.wilkerson@pgnmail.com] 

> Sent: Friday, April 01, 2005 9:48 AM

> To: wreinke@serc1.org; Vice, Raymond L.; jsholema@duke-energy.com

> Cc: Hansen, Erik; Roberts, Sammy; Ingersoll, Verne

> Subject: FW: freq_20050401.xls

> 

> Gentlemen,

> Attached is a copy of this morning's frequency chart around the

> beginning of the on peak period.  The frequency excursions seem to

> coincide with top of the hour schedule changes.  Also today is the first

> day of the MISO market. I do not know if there is any correlation.

> Thanks

> Randy 

> -----Original Message-----

> From: Roberts, Sammy 

> Sent: Friday, April 01, 2005 9:58 AM

> To: Wilkerson, Randy

> Subject: freq_20050401.xls

>  

>  <<freq_20050401.xls>> 

















































































































Submitted to the North American Electric Reliability Council

Robert Blohm

April 29, 2005

