RELIABILITY REASON FOR A COMMERCIAL INADVERTENT-INTERCHANGE SETTLEMENT
STANDARD.

Attached are 2 graphs of monthly average frequency error on the Eastern Interconnection back to
1994. The error is the deviation not from 60 Hz, but from frequency scheduled by NERC in CPS1
performance measurement which may at times be 20 mHz above or below 60 mHz to correct
time error. Time-error correction shifts the CPS1 frequency target to get Balancing Authorities'
CPS1 behavior to automatically readjust to 0 the mean of frequency error in this era of DC clocks
whose accuracy may depend less and less on frequency. The trend line from 1994 until 1999
inclusive is flat and just above +1/2 mHz and, from 2000 until 2002 inclusive, the trend has drifted
to +5 mHz, which represents the statistical mean of frequency for calculating CPS1 performance
and what the statistical mean of frequency WOULD BE if NERC did not reduce it to practically O
through time-error correction.

The drift coincides with a dramatic increase in time-error correction by NERC to almost daily and
explains the deterioration of frequency's average distance of 11mHz to 14mHz from scheduled
frequency, closer to the CPS1 limit of 18mHz. The error variability was already deteriorating

from 1994 and continued to deteriorate until 1999 inclusive, just before the mean started drifting
significantly above zero. The at least +1 mHz annual drift in the mean may suggest that there are
few years left before the Eastern Interconnection hits the CPS1 18mHz limit. Accordingly, time

is of the essence in developing an Inadvertent Interchange settlement standard and a frequency
response standard. The frequency data is posted on NERC's website at
ftp://www.nerc.com/pub/sys/all_updl/oc/rs/fregerr.txt

Howard lllian has offered several possible reasons for the upward drift: (1) 16-hour blocks of on-
peak insisted on by operators rather than marketers and leaving some overgeneration, (2)
continuing to generate between 2AM and 4AM in anticipation of the morning load, and (3)
overgeneration to reduce the probability of Disturbance Control Standard (DCS) violation since
loss of generation is likelier than loss of load. In other words, both the market itself, and non-
marketizable rules. These interpretations all lead to the same conclusion: Inadvertent
Interchange behavior needs to be price/cost incented based on trading of the frequency
contribution--trading that is incented by a strong CPS1 penalty. An Inadvertent Interchange
settlement standard is needed to define the tradable product.

Howard's diagnosis seems to be supported by the reverse-seasonality between on-peak and off-
peak error: the on-peak error is less in the longer-daytime Spring/Summer than in the shorter-
daytime Fall/Winter and less than the off-peak error in Spring/Summer but greater than the off-
peak error in Fall/Winter which tends to be less in the Fall/Winter (maybe because of reduced
heating demand at night) than in the Spring/Summer (maybe because of demand for air
conditioning at night).

| graphed the combined error on-peak and off-peak which shows the trend more clearly, with no
seasonality in the variation. This shows vividly that on-peak and off-peak errors had a dramatic,
exactly counter-cyclical offsetting effect, or somewhat negative correlation, that dampened the
overall (combined) average frequency error volatility dramatically until 2000. From then on off-
peak error has drifted somewhat more in the positive direction than on-peak error, making them
somewhat more positively correlated to each other and somewhat less visibly offsetting as this
adds even more upward drift to the variability of the average frequency error.

The variability depicted in the graph of monthly averages of frequency error understates the
variability measured by CPS1 because CPS1 takes the root of the annual average of squares of
the errors which gives exponential weight to big errors. The graph of CPS | included is PS43200
whose inputs are 12 averages of 43200 minutes in a month. Since these 12 inputs pick up

much less variability than the 518400 (=12 x 43200) minutes input into CPS1, the CPS43200
epsilon (or average distance of error from scheduled frequency) far understates CPS1

epsilon. However it displays the same deterioration over time as CPS1 epsilon.



Time-error correction itself increases variability because it's adjusting for more than any mean
shift/drift of a few mHz by scheduling frequency to some 20 mHz away from 60 Hz. That would
increase by more than the allowed 18 mHz the average distance of errors from the scheduled
frequency if no Balancing Authority participated in the correction by calibrating its CPS1
performance to the scheduled frequency. Or it would so increase the average distance of errors
from 60 Hz if all the Balancing Authorities participated in the time-error correction, although that
variability increase would be measurable in CPS1 performance relative to 60 Hz rather than to
scheduled frequency. The reality is likely somewhere between. Time error correction would
minimize any negative impact on CPS1 performance, if it were limited to only the few mHz
required to compensate over a long period for the mean shift/drift by being automatically set in
AGC systems to respond but only to a long-term time-error. This means clocks would be
accurate over the past year but maybe not day to day. Attempting day-to-day accuracy comes at
the cost of deterioration in CPS1 performance through a losing game of ever more frequent time
corrections.
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