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shall apply rather than, respectively,
the terms ““maximum hourly SO, con-
centration” and ‘‘maximum potential
SO, concentration, as determined
under section 2.1.1.1 of appendix A to
this part;” and the terms ‘‘10th per-
centile”” and *“5th percentile’” shall
apply rather than, respectively, the
terms ““90th percentile’ and ‘‘95th per-
centile” (see Table 1 of §75.33).

(2) When Equation 19-3, 19-4 or 19-8 in
Method 19 in appendix A to part 60 of
this chapter is used to determine NOx
emission rate:

(i) Provided that none of the fol-
lowing equations is used to determine
SO, emissions, CO, emissions or heat
input: Equation F-2, F-14b, F-16, F-17,
or F-18 in appendix F to this part, or
Equation 19-5 or 19-9 in Method 19 in
appendix A to part 60 of this chapter,
use the missing data procedures in
§75.33(b), except that the term ‘“‘mois-
ture percentage’” shall apply rather
than ‘SO, concentration,” the term
““moisture monitoring system’ shall
apply rather than ““SO, pollutant con-
centration monitor,” and the term
“maximum potential moisture percent-
age, as defined in section 2.1.6 of appen-
dix A to this part’” shall apply, rather
than ““maximum potential SO, con-
centration;” or

(i) If any of the following equations
is used to determine SO, emissions, CO,
emissions or heat input: Equation F-2,
F-14b, F-16, F-17, or F-18 in appendix F
to this part, or Equation 19-5 or 19-9 in
Method 19 in appendix A to part 60 of
this chapter, the owner or operator
shall petition the Administrator under
§75.66(1) for permission to use an alter-
native moisture missing data proce-
dure.

[64 FR 28604, May 26, 1999, as amended at 67
FR 40439, June 12, 2002]

Subpart E—Alternative Monitoring
Systems

§75.40 General demonstration require-
ments.

(a) The owner or operator of an af-
fected unit, or the owner or operator of
an affected unit and representing a
class of affected units which meet the
criteria specified in §75.47, required to
install a continuous emission moni-
toring system may apply to the Admin-
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istrator for approval of an alternative
monitoring system (or system compo-
nent) to determine average hourly
emission data for SO,, NOx, and/or volu-
metric flow by demonstrating that the
alternative monitoring system has the
same or better precision, reliability,
accessibility, and timeliness as that
provided by the continuous emission
monitoring system.

(b) The requirements of this subpart
shall be met by the alternative moni-
toring system when compared to a con-
temporaneously operating, fully cer-
tified continuous emission monitoring
system or a contemporaneously oper-
ating reference method, where the ap-
propriate reference methods are listed
in §75.22.

§75.41 Precision criteria.

(a) Data collection and analysis. To
demonstrate precision equal to or bet-
ter than the continuous emission moni-
toring system, the owner or operator
shall conduct an F-test, a correlation
analysis, and a t-test for bias as de-
scribed in this section. The t-test shall
be performed only on sample data at
the normal operating level and primary
fuel supply, whereas the F-test and the
correlation analysis must be performed
on each of the data sets required under
paragraphs (a)(4) and (a)(5) of this sec-
tion. The owner or operator shall col-
lect and analyze data according to the
following requirements:

(1) Data from the alternative moni-
toring system and the continuous
emission monitoring system shall be
collected and paired in a manner that
ensures each pair of values applies to
hourly average emissions during the
same hour.

(2) An alternative monitoring system
that directly measures emissions shall
have probes or other measuring devices
in locations that are in proximity to
the continuous emission monitoring
system and shall provide data on the
same parameters as those measured by
the continuous emission monitoring
system. Data from the alternative
monitoring system shall meet the sta-
tistical tests for precision in paragraph
(c) of this section and the t-test for
bias in appendix A of this part.
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(3) An alternative monitoring system
that indirectly quantifies emission val-
ues by measuring inputs, operating
characteristics, or outputs and then
applying a regression or another quan-
titative technique to estimate emis-
sions, shall meet the statistical tests
for precision in paragraph (c) of this
section and the t-test for bias in appen-
dix A of this part.

(4) For flow monitor alternatives, the
alternative monitoring system must
provide sample data for each of three
different exhaust gas velocities while
the unit or units, if more than one unit
exhausts into the stack or duct, is
burning its primary fuel at:

(i) A frequently used low operating
level, selected within the range be-
tween the minimum safe and stable op-
erating level and 50 percent of the max-
imum operating level,

(ii) A frequently used high operating
level, selected within the range be-
tween 80 percent of the maximum oper-
ating level and the maximum oper-
ating level, and

(iii) The normal operating level, or
an evenly spaced intermediary level be-
tween low and high levels used if the
normal operating level is within a
specified range (10.0 percent of the
maximum operating level), of either
paragraphs (a)(4) (i) or (ii) of this sec-
tion.

(5) For pollutant concentration mon-
itor alternatives, the alternative moni-
toring system shall provide sample
data for the primary fuel supply and
for all alternative fuel supplies that
have significantly different sulfur con-
tent.

(6) For the normal unit operating
level and primary fuel supply, paired
hourly sample data shall be provided
for at least 90.0 percent of the hours
during 720 unit operating hours. For
each of the remaining two operating
levels for flow monitor alternatives,
and for each alternative fuel supply for
pollutant concentration monitor alter-
natives, paired hourly sample data
shall be provided for at least 24 succes-
sive unit operating hours.

(7) The owner or operator shall not
use missing data substitution proce-
dures to provide sample data.

(8) If the collected data meet the re-
quirements of the F-test, the correla-
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tion test, and the t-test at one or more,
but not all, of the operating levels or
fuel supplies, the owner or operator
may elect to continue collecting the
paired data for up to 1,440 additional
operating hours and repeat the statis-
tical tests using the data for the entire
30- to 90-day period.

(9) The owner or operator shall pro-
vide two separate time series data
plots for the data at each operating
level or fuel supply described in para-
graphs (a)(4) and (a)(5) of this section.
Each data plot shall have a horizontal
axis that represents the clock hour and
calendar date of the readings and shall
contain a separate data point for every
hour for the duration of the perform-
ance evaluation. The data plots shall
show the following:

(i) Percentage difference versus time
where the vertical axis represents the
percentage difference between each
paired hourly reading generated by the
continuous emission monitoring sys-
tem (or reference method) and the al-
ternative emission monitoring system
as calculated using the following equa-
tion:

€ P~ €,
Ae = —x100%
eV
(Eq. 10)
where,
A e = Percentage difference between the

readings generated by the alternative mon-
itoring system and the continuous emis-
sion monitoring system.

e, = Measured value from the alternative
monitoring system.

e, = Measured value from the continuous
emission monitoring system.

(if) Alternative monitoring system
readings and continuous emission mon-
itoring system (or reference method)
readings versus time where the vertical
axis represents hourly pollutant con-
centrations or volumetric flow, as ap-
propriate, and two different symbols
are used to represent the readings from
the alternative monitoring system and
the continuous emission monitoring
system (or reference method), respec-
tively.

(b) Data screening and calculation ad-
justments. In preparation for con-
ducting the statistical tests described
in paragraph (c) of this section, the
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owner or operator may screen the data
for lognormality and time dependency
autocorrelation. If either is detected,
the owner or operator shall make the
following calculation adjustments:

(1) Lognormality. The owner or oper-
ator shall conduct any screening and
adjustment for lognormality according
to the following procedures.

(i) Apply the log transformation to
each measured value of either the cer-
tified continuous emissions monitoring
system or certified flow monitor, using
the following equation:

I.=In e,

(Eg. 11)

where,

e, = Hourly value generated by the certified
continuous emissions monitoring system
or certified flow monitoring system

I, = Hourly lognormalized data values for the
certified monitoring system

and to each measured value, e, of the
proposed alternative monitoring sys-
tem, using the following equation to
obtain the lognormalized data values,
ng
I,=In e,
(Eq. 12)
where,
e, = Hourly value generated by the proposed
alternative monitoring system.

I, = Hourly lognormalized data values for the
proposed alternative monitoring system.

(ii) Separately test each set of trans-
formed data, I, and I, for normality,
using the following:

(A) Shapiro-Wilk test;

(B) Histogram of the transformed
data; and

(C) Quantile-Quantile plot of the
transformed data.

(iii) The transformed data in a data
set will be considered normally distrib-
uted if all of the following conditions
are satisfied:

(A) The Shapiro-Wilk test statistic,
W, is greater than or equal to 0.75 or is
not statistically significant at o = 0.05.

(B) The histogram of the data is
unimodal and symmetric.

(C) The Quantile-Quantile plot is a
diagonal straight line.

(iv) If both of the transformed data
sets, |, and I, meet the conditions for
normality, specified in paragraphs
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(b)(1)(iii) (A) through (C) of this sec-
tion, the owner or operator may use
the transformed data, |, and I, in place
of the original measured data values in
the statistical tests for alternative
monitoring systems as described in
paragraph (c) of this section and in ap-
pendix A of this part.

(v) If the transformed data are used
in the statistical tests in paragraph (c)
of this section and in appendix A of
this part, the owner or operator shall
provide the following:

(A) Copy of the original measured
values and the corresponding trans-
formed data in printed and electronic
format.

(B) Printed copy of the test results
and plots described in paragraphs (b)(1)
(i) through (iii) of this section.

(2) Time dependency (autocorrelation).
The screening and adjustment for time
dependency are conducted according to
the following procedures:

(i) Calculate the degree of autocorre-
lation of the data on their LAG1 val-
ues, where the degree of autocorrela-
tion is represented by the Pearson
autocorrelation coefficient, p, com-
puted from an AR(l) autoregression
model, such that:

covix!, xi

"
Sx! Sx!

p

(Eq. 13)
where,

X’; = The original data value at hour i.

Xx”; = The LAGL1 data value at hour i.

COV(X’; x”;) = The autocovariance of x’; and
defined by,

n

Yy (x{-;?’)(x{’-)?”)

covixi, x) = F——

(Eq. 14)
where,

n = The total number of observations in
which both the original value, x’; and the
lagged value, x”; are available in the data
set.

s’v; = The standard deviation of the original
data values, x’; defined by,
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= / 2
Y (xiX)
S_I= 1=1
x4 ~ n-1
(Eq. 15)
where,

s”.; = The standard deviation of the LAG1
data values, x”; defined by

= 1/ 2
ery/4
> (x{-%")
1.
S _n=
*1 n-1
(Eg. 16)
where,

X" = The mean of the original data values, x’;
defined by

= /
2 xi
;’l = d=1
n
(Eq. 17)
where,

x” = The mean of the LAG1 data values, x”;
defined by

Z "
X1

1

b

X" =

n
(Eq. 18)

where,

(i) The data in a data set will be con-
sidered autocorrelated if the autocor-
relation coefficient, p, is significant at
the 5 percent significance level. To de-
termine if this condition is satisfied,
calculate Z using the following equa-

= o-ffig

(Eq. 19)

If Z > 1.96, then the autocorrelation co-
efficient, p, is significant at the 5 per-
cent significance level (a = 0.05).

40 CFR Ch. | (7-1-03 Edition)

(iii) If the data in a data set satisfy
the conditions for autocorrelation,
specified in paragraph (b)(2)(ii) of this
section, the variance of the data, S*
may be adjusted using the following
equation:

S2ADJ = VIF x S2
(Eq. 20)
where,

S2 = The original, unadjusted variance of the
data set.

VIF = The variance inflation factor, defined
by

1

- 2p
1 +
(n-1x1-p)

VIF =

2p(1-p7)
nn-1)(1-p)>?

(Eq. 21)

S2ADJ = The autocorrelation-adjusted vari-
ance for the data set.

(iv) The procedures described in para-
graphs (b)(2)(i)-(iii) of this section may
be separately applied to the following
data sets in order to derive distinct
autocorrelation coefficients and vari-
ance inflation factors for each data set:

(A) The set of measured hourly val-
ues, e,, generated by the certified con-
tinuous emissions monitoring system
or certified flow monitoring system.

(B) The set of hourly values, e, gen-
erated by the proposed alternative
monitoring system,

(C) The set of hourly differences, e,
e,, between the hourly values, e, gen-
erated by the certified continuous
emissions monitoring system or cer-
tified flow monitoring system and the
hourly values, e, generated by the pro-
posed alternative monitoring system.

(v) For any data set, listed in para-
graph (b)(2)(iv) of this section, that sat-
isfies the conditions for autocorrela-
tion specified in paragraph (b)(2)(ii) of
this section, the owner or operator
may adjust the variance of that data
set, using equation 20 of this section.

(A) The adjusted variance may be
used in place of the corresponding
original variance, as calculated using
equation 23 of this section, in the F-
test (Equation 24) of this section.

(B) In place of the standard error of
the mean,
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in the bias test Equation A-9 of appen-
dix A of this part the following ad-
justed standard error of the mean may
be used:

2p(1-p7)

S,
x VIF x d

Sa) . (1+p)_
\/ﬁadj 1-p

(Eg. 22)where

Sd
‘/E adj

(vi) For each data set in which a vari-
ance adjustment is used, the owner or
operator shall provide the following:

(A) AIl values in the data set in
printed and electronic format.

(B) Values of the autocorrelation co-
efficient, its level of significance, the
variance inflation factor, and the
unadjusted original and adjusted val-
ues found in equations 20 and 22 of this
section.

(C) Equation and related statistics of
the AR(1) autoregression model of the
data set.

(D) Printed documentation of the in-
termediate calculations used to derive
the autocorrelation coefficient and the
Variance Inflation Factor.

(c) Statistical Tests. The owner or op-
erator shall perform the F-test and cor-
relation analysis as described in this
paragraph and the t-test for bias de-
scribed in appendix A of this part to
demonstrate the precision of the alter-
native monitoring system.

(1) F-test. The owner or operator shall
conduct the F-test according to the fol-
lowing procedures.

(i) Calculate the variance of the cer-
tified continuous emission monitoring
system or certified flow monitor as ap-
plicable, S,2, and the proposed method,
S;2, using the following equation.

n(l-p)? vn

= The autocorrelation-adjusted standard error of the mean.

(Eq. 23)

where,

e; = Measured values of either the certified
continuous emission monitoring system or
certified flow monitor, as applicable, or
proposed method.

en = Mean of either the certified continuous
emission monitoring system or certified
flow monitor, as applicable, or proposed
method values.

n = Total number of paired samples.

(ii) Determine if the variance of the
proposed method is significantly dif-
ferent from that of the certified contin-
uous emission monitoring system or
certified flow monitor, as applicable,
by calculating the F-value using the
following equation.

2
S
F=—2
Sz
v
(Eq. 24)
Compare the experimental F-value

with the critical value of F at the 95-
percent confidence level with n-1 de-
grees of freedom. The critical value is
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obtained from a table for F-distribu-
tion. If the calculated F-value is great-
er than the critical value, the proposed
method is unacceptable.

(2) Correlation analysis. The owner or
operator shall conduct the correlation
analysis according to the following
procedures.

(i) Plot each of the paired emissions
readings as a separate point on a graph
where the vertical axis represents the
value (pollutant concentration or volu-
metric flow, as appropriate) generated
by the alternative monitoring system
and the horizontal axis represents the
value (pollutant concentration or volu-
metric flow, as appropriate) generated
by the continuous emission monitoring
system (or reference method). On the
graph, draw a horizontal line rep-
resenting the mean value, e, for the al-
ternative monitoring system and a
vertical line representing the mean
value, e, for the continuous emission
monitoring system where,

~ . 2%

p n

Derer=(Xep) (X
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(Eg. 25)
— _ Z e,
e, =
n
(Eg. 26)
where,
e, = Hourly value generated by the alter-

native monitoring system.

e, = Hourly value generated by the contin-
uous emission monitoring system.

n = Total number of hours for which data
were generated for the tests.

A separate graph shall be produced for
the data generated at each of the oper-
ating levels or fuel supplies described
in paragraphs (a)(4) and (a)(5) of this
section.

(ii) Use the following equation to cal-
culate the coefficient of correlation, r,
between the emissions data from the
alternative monitoring system and the
continuous emission monitoring sys-
tem using all hourly data for which
paired values were available from both
monitoring systems.

D (Eq. 27)

([ze;_(zep)z/n}[zeg _(zev)sz

(Eq. 27)

(iii) If the calculated r-value is less
than 0.8, the proposed method is unac-
ceptable.

[58 FR 3701, Jan. 11, 1993, as amended at 60
FR 26530, May 17, 1995; 60 FR 40296, Aug. 8,
1995; 67 FR 40440, June 12, 2002]
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To demonstrate reliability equal to
or better than the continuous emission
monitoring system, the owner or oper-
ator shall demonstrate that the alter-
native monitoring system is capable of
providing valid 1-hr averages for 95.0
percent or more of unit operating
hours over a 1-yr period and that the
system meets the applicable require-
ments of appendix B of this part.

Reliability criteria.

§75.43 Accessibility criteria.

To demonstrate accessibility equal
to or better than the continuous emis-
sion monitoring system, the owner or
operator shall provide reports and on-
site records of emission data to dem-
onstrate that the alternative moni-
toring system provides data meeting
the requirements of subparts F and G
of this part.

§75.44 Timeliness criteria.

To demonstrate timeliness equal to
or better than the continuous emission
monitoring system, the owner or oper-
ator shall demonstrate that the alter-
native monitoring system can meet the
requirements of subparts F and G of
this part; can provide a continuous,
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