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MEMORANDUM
From: William H. Maxwell W Hen
CG/ESD (C439-01)
To: Utility MACT Project Files
Subj: ect: Analysis of variability in determining MACT floor for coal-fired electric utility;

steam generating units

Although EPA is confident that the data available are representative of the industry, it is
evident that the test report data exhibit a significant degree of variability, even within a given
subcategory. The EPA decided it was necessary to develop a methodology to address the
multiple sources of the observed variability in order to assure that an emission limitation value
could be derived that would be achievable. The origins of variability and approaches available
for addressing the apparent variability found in the test data are described below.

Variability is inherent whenever measurements are made or whenever mechanical
processes operate. The variability in the emission test data may arise from one or more of the
following areas: (1) the emission test method(s); (2) the analytical method(s); (3) the design of
the unit and control device(s); (4) the operation of the unit and control device(s); and (5) the
amount of the constituent being tested in the fuel.

Test and analytical method variability can be quantified by statistical analysis of the
results of a series of tests. The results can be analyzed to establish confidence intervals within
which the true value of a test result is presumed to lie. Confidence intervals can be estimated for
multiple-run series of tests based on the differences found from one test run to the next, with only
the upper confidence interval having meaning (signifying the chance of the standard being
exceeded).

When testing is done at more than one unit, similar confidence intervals can be
established to account for the variability from unit-to-unit. One can combine the test-to-test and
unit-to-unit variability into a single factor that can be applied to reported test values to give an
upper limit for the likely true value. One can also estimate the combined factor for any desired
confidence level. '



Testing for a short time may not reveal the range of emissions that would be found over
extended time periods. Normal changes in operating conditions or in fuel characteristics may;
affect emission levels. For example, an increase in the mercury (Hg) content of the fijel being
fired in a unit may tend to increase the Hg emission rate from the associated stack. Mercury
emission rates may also change with unit loads. As load changes, so does gas flow rate through
the air pollution control device (APCD) downstream from the unit. Changes in gas flow rate
may affect APCD effectiveness.

Variability may be addressed in a number of ways, depending on the circumstances
existing within the source category. For example, different test run results can be analyzed
statistically to arrive at an upper limit that represents the highest likely value for each test
planned for use in setting emission limits. The poorest-performing (worst-case) unit in the top 12
percent of each subcategory can be reviewed to determine the causes of poor performance with a
factor then assigned that can be applied to each of the test runs. These offsets would give
emission values that would not likely be exceeded over long time periods. Looking only at
control devices used by sources in the top 12 percent, control device performance can also be
examined to determine likely emission reductions for different devices operating on different
units firing different fuels. The range in emission reductions could be used to set upper limits of
expected control performance; then, these limits could be used, as above, to set emission
limitations for each subcategory. Correlations between constituents of concern and other,
perhaps more easily measured, constituents can be used to develop algorithms that incorporate
variability.

The EPA found that there are two fundamentally different approaches to incorporating
variability into the proposed rule: (1) including variability in the MACT floor calculation, or (2)
including variability in the compliance method. Addressing variability in the MACT floor
calculation requires that all of the origins of variability be assessed and quantified into factors
that can be applied into the emission limitation calculations for each subcategory’s floor. Each
unit used for floor calculations is assumed to operate such that its measured emission rate is
increased by the amount of variability found from statistical analysis, worst-case analysis, or
control device performance analysis. Each unit in the top 12 percent of its subcategory would be
adjusted to reflect the uncertainty associated with the various origins of variability, and the
average emission rate for these units would be used as the floor emission limitation.

Addressing variability in the compliance method would involve allowing an averaging
time for compliance that would accommodate variations in pollutant emissions over time. For
example, averaging over a month or a year of data will provide opportunity for variations in the
amount of a constituent in the fuel to be accommodated without exceeding the emission
limitation. This method of addressing variability is not covered in this memorandum.

In trying to address the apparent sources of variability in the emissions test data, EPA
tried to obtain data that reflected as many different plant configurations as would be found in the
entire industry profile and conducted tests at units believed to be representative of those within
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the source category. The tests and measurements, typically a three-run series of manual samples
taken over one or two days of testing, are limited by the emission test method’s accuracy and
precision, by the short duration of the test, and by differences from one run to the next and one
unit to the next. EPA has evaluated the total population of test results to determine a valid test
method variability factor as well as a fuel variability factor. These factors were then applied in
MACT floor emission limitation calculations, as appropriate.

In order to determine the MACT floor emission limits for existing units, EPA examined
the population database of existing sources. Available Hg emissions test data were divided
according to the following subcategories:

bituminous coal
subbituminous coal
lignite coal

waste coal

IGCC units

The EPA examined the existing emission test data to determine the individual numerical average
of the test results from the best-performing 12 percent (or equivalent) of each subcategory for
each regulated HAP (or surrogate). The EPA then applied the potential uncertainty and
variability in the emission test reports and Hg in fuel variability (as appropriate) to derive the
MACT floor limits. The discussion below describes the development of the emission limitation
for each regulated pollutant for coal-fired units for the bituminous, subbituminous, and lignite
subcategories (there being insufficient data available for the waste coal and IGGC subcategories
to conduct full statistical analyses).

The emission limit for Hg emissions from coal-fired units was determined by analyzing
the available Hg emissions data in each of the three subcategories. The data were obtained from
the ICR and included data for Hg emissions and Hg-in-coal data for calendar year 1999. The
MACT floor calculations were based on the average performance of the top 12 percent of units in
the individual subcategories.

' The variability of Hg emissions from coal-fired units is significantly influenced by the
variability over time in the composition of coal burned as fuel (i.e., differences in Hg content,
chlorine (Cl) content, and heat content of coal). In particular, the C1 content of coal can be used
as a key indicator of the type of Hg compound in flue gas. The effectiveness of control devices at
removing Hg depends to a large extent on the type of Hg compound in the flue gas. Thus, which
Hg compounds are present in the flue gas impacts the amount of Hg that will be captured by
control devices and how much Hg will be released in stack emissions. Importantly, Cl content
has a significant impact on which Hg compounds are contained in the flue gas. When combined
with other relevant data, such as coal Hg content, the Cl content of coal can be used to predict Hg
emissions.



The EPA examined a number of approaches to incorporating variability in the MACT
floor determination, from a statistical analysis of the test data combined with an algebraic
analysis of the coal data to full statistical analyses of both the test and coal data. A multi-variable
analysis provided by WEST Associates (attached) appeared to provide the most comprehensive
approach and has been adopted, with modifications as noted below, by the EPA in determining
the MACT floor. ‘

The data results from the multi-variable study performed lend support to the significance
of coal Cl content to Hg controllability. The higher the Cl:Hg ratio, the more likely the
formation of mercuric chloride (ionic or oxidized Hg) that is more readily captured by existing
controls. This Cl:Hg ratio is independent of the coal rank as an indicator of Hg controllability.
Figure 1 provides information on the range of ClI values for the various coal ranks, and subranks,
used by the utility industry in the United States. As can be seen from the figure, the Cl contents
overlap considerably and a bituminous coal is as likely to have low chlorine content as is a
subbituminous or lignite coal.

In sum, the coal ClI content is one of the primary determinants of which Hg-containing
compounds will be present, and in what amounts, in the flue gas of an individual utility unit. The
differing physical and chemical properties of Hg-containing compounds in the flue gas result in
significant differences in the feasibility and effectiveness of controls for removing the
compounds from flue gas. Accordingly, when combined with other relevant data, such as coal
Hg content, the Cl content of coal can be used as a key indicator of Hg emissions.

The units in each of the three subcategories were sorted in ascending order of stack-tested
Hg emission factor (measured in units of 1b/TBtu, as adjusted by a method that normalizes Hg
emissions to coal heat content [F-factor adjustment]). Accordingly, the top performing units of
each subcategory were selected for further analysis.

The stack tests in the ICR database are insufficient to estimate the effect of fuel
variability over time on the emissions of the best performing facilities. The ICR database
contains extensive data on variation in coal composition recorded over the course of a year. To
link fuel composition data to Hg emissions data, correlation equations were developed to
represent the relationship between Hg removal fraction and Cl concentration for each of the
control configurations used by the best performing units. The steps used to develop these
correlation equations are set forth below.

The control configuration of each of the best performing units identified was identified.
The Hg removal fraction and test coal Cl concentrations were obtained from the ICR database for
each of the units in the database that have one of the identified control configurations. Finally, a
correlation equation was derived for each identified control configuration by fitting the following
mathematical expression to the Hg removal fractions and corresponding C1 concentrations
obtained from the ICR stack test database.
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In the selection of the format of the correlation equation, care was taken that the
mathematical expression accurately reflected the physical and chemical process by which Cl
contributes to the controllability of stack Hg emissions. The correlation equation is based on the
assumption that the rate of conversion of Hg to mercury chloride is proportional to the Cl
concentration in the coal, irrespective of coal rank. With this expression, the maximum removal
fraction is limited to 1, because the exponent term is always nonnegative, regardless of the Cl
concentration. This corresponds to the real-world limitation that no more than 100 percent of the
Hg in flue gas can be removed (i.e., there cannot be negative Hg emissions). As the coal Cl
concentration drops to zero, the Hg removal fraction does not of necessity approach zero because
some Hg removal may be achieved without reaction with Cl. The purpose of deriving a
correlation equation for each control configuration used by the top performing units was to
provide a numerical means of predicting the fraction of Hg removed for the best performing
sources over the entire range of fuel variability experienced over the course of a year.
Correlation equations were derived for each control configuration, but were only used to predict
Hg removal if they were found to have acceptable explanatory power.

To determine whether the explanatory power of each correlation equation warranted its
use on a larger range of ICR coal composition data, each correlation equation was validated
against the ICR stack test data. For each of the test CI concentrations in the ICR stack test
database, the Hg removal fraction was calculated by use of the correlation equation with
parameters selected to give the best fit to the data. A correlation coefficient was then calculated
to evaluate the accuracy of the fit.

For each of the best performing units, unit-specific coal composition data for a one-year
period were extracted from the ICR database to find the coal heat content, Hg content, and Cl1
content. For each set of coal composition data from the ICR database, the controlled Hg
emissions were calculated by multiplying uncontrolled Hg emissions by (1 — Hg removal
fraction). For each of the best-performing sources, this process was repeated for each set of
measured coal composition values, yielding a range of Hg emission levels for that unit over time.

The test coal composition data from the ICR database (heat and Hg content) was used to
calculate the uncontrolled Hg emission level. The Hg removal fraction was calculated in one of
the following two ways:

(1) Where the correlation equation was found to have sufficient explanatory power, it was
used to estimate the Hg removal fraction based on coal Cl composition data from the ICR data
base. This approach accounted for variations in the Hg, Cl, and heat content of fuel.

(2) Where the correlation equation was a poor fit, the Hg removal fraction was based on
the average Hg removal fraction observed in the ICR stack tests of that unit. This latter approach
yielded a constant removal fraction based upon the source test, and had the effect of reducing the
variability of predicted Hg emissions. Under this approach, the measured impact of fuel
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variability was limited to the effect of variations in Hg and heat content, while variations in Cl
concentration were not explicitly considered.

For each of the best performing units, the calculated Hg emissions, calculated in
accordance with the procedures outlined above, were then sorted from smallest to largest to
obtain a cumulative frequency distribution. The EPA chose to use the 97.5™ percentile (as
opposed to the 95the percentile used in the WEST analysis) value of this distribution (i.e., an
emission rate that is expected to be exceeded only 2.5 percent of the time) to represent the
operation of the unit under “worst conditions.”

Because the ICR stack test facilities represent only a small portion of the true population
of coal-fired utility units, it is necessary also to account for inter-unit variability between the top
performers. The ICR database indicates that the population of coal-fired units exceeds 1,000.
Yet, due to the size of the ICR database, the analysis of within-unit variability considered only
the top units in each subcategory. (The EPA used the top four bituminous units, the top four
subbituminous units, and the top five lignite units in its analysis. The EPA’s interpretation of
section 112 is that the statute is clear with regard to how many units should be used based on the
number of units in the subcategory, regardless of the apparent inconsistencies as that number
approaches 30. The WEST analysis used no fewer than five units per subcategory, regardless of
the number of units in the subcategory.) Therefore, the actual number of the top 12 percent of
coal-fired units in each subcategory is significantly larger than the number of units used in this
analysis, particularly with respect to units burning bituminous and subbituminous coal. Under
these circumstances, a focus on within-unit variability alone is not expected to capture the full
range of emissions variability among the best performing sources. The EPA accounted for this
variability by calculating a 97.5 percent upper confidence level (as opposed to the 95" percent
upper confidence level used in the WEST analysis) for the mean by use of the t-statistic. This
adjustment reflects the fact that the top performing sources in the data base do not represent the
full population of the best performing 12 percent of coal-fired utility units.

Although fuel variability is a principal cause of emission variability, other factors also
play a role in contributing to variability in Hg emissions. Analysis of fuel variability accounts for
some, but not all of the variability in the stack testing of each unit that comprises the ICR
database. Other drivers of variability in the test results, such as ' measurement error, are not
included in the analysis. Intermittent maintenance events, which themselves can contribute to
short-term increases in Hg emissions, also are not considered. In addition, the stack testing on
which this assessment is based places artificial limitations on the variability of its results. Testing
was performed with plants operating at full and constant load, and without on-going maintenance
activities. Actual operation requires load-following in addition to intermittent maintenance
activities. Insofar as the methodology discussed herein does not incorporate these effects, its
results are likely to underestimate the reasonable worst-case emissions of the best performing
facilities.

Conclusion



The MACT floor for existing units, based on the above analyses, is as follows:

Bituminous: 2.0 Ib/TBtu
Subbitumnous: 5.8 Ib/TBtu
Lignite: 9.2 Ib/TBtu

The MACT floor for new units is as follows:

Bituminous: 0.61 1Ib/TBtu
Subbituminous: 2.0 1b/TBtu
Lignite: 6.3 Ib/TBtu
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Summary

Plant

Mecklenburg Cogeneration Facility

Dwayne Collier Battle Cogeneration Facility

Valmont
Stockton
Mean
Standard Deviation
UCL97.5 of the Mean
Plant
AES Hawaii, Inc.
Clay Boswell
Craig
Cholla
Mean
Standard Deviation
UCL97.5 of the Mean
Plant

R.M. Heskett Station
Antelope Valley Station
Leland Olds Station
Stanton Station
Stanton Station

Mean
Standard Deviation
UCL97.5 of the Mean

Plant

Kline Township Cogen Facility

MACT Analysis for Top 4 Bituminous Units - 97.5th Percentile Values

Unit

Particulate .

control S0, Control

GEN 1 BAGHOUSE SDA

2B
5
1

BAGHOUSE SDA
BAGHOUSE COMP COAL
BAGHOUSE FBC/SNCR

Measured
fraction
Hg
removal
0.9881
0.9366
0.8652
0.9182

Correlation
used? (Y/N)

<z <<

"Alpha"

0.0022
0.0022
0.0000
0.0069

MACT Analysis for Top 4 Subbituminous Units - 97.5th Percentile Values

Unit

A

2
C3

3

Particulate S0, Control
control
BAGHOUSE FBC
BAGHOUSE COMP COAL
BAGHOUSE SDA
ESP-HS NONE

Measured
fraction
Hg
removal
0.5252
0.8257
0.336
0.642

Correlation
used? (Y/N)

Z2Z2=ZzZ=

"Alpha"

OO CO

MACT Analysis for Top 5 Lignite Units - 97.5th Percentile Values

Scrubgrass Generating Company L. P.

Mean
Standard Deviation
UCL97.5 of the Mean

Plant

Wabash River Generating Station
Polk Power

Mean
Standard Deviation
UCL97.5 of the Mean

TR R R SR LR e T o o ol TR T v

Unit

B2
B1
2
10
1

Particulate S0, Control
control
ESP-CS FBC
BAGHOUSE SDA
ESP-CS NONE
BAGHOUSE SDA
ESP-CS NONE

Measured
fraction
Hg
removal
0.4036
0.3333
0.0487
0.0147
0.4409

Correlation
used? (Y/N)

Z2<Z<XZ

MACT Analysis for Top Waste Coal Units - 97.5th Percentile

Unit

Particulate

control $0; Control

GEN1 BAGHOUSE FBC
GEN1 BAGHOUSE FBC

Measured
fraction
Hg
removal
0.9975
0.9989

Correlation
used? (Y/N)

N
N

MACT Analysis for Top IGCC Units - 97.5th Percentile

Unit

Particulafe

control S0, Control

1+1A COALGAS COALGAS

1

COAL GAS COAL GAS

Measured
fraction
Hg
removal
0.3253
0.3399

Correlation
used? (Y/N)

N
N

*Afpha”

0.0022

0.0022

"Alpha"

"Alpha"

"Beta"

0.8188
0.8188
0.1348
0.3186

"Beta"

0.4748
0.1743
0.6640

0.3580

"Beta"

0.5964
0.8188
0.9513
0.8188
0.5591

"Beta"

0.0025
0.0110

"Beta”

0.6747
0.6601

Measured

Ib/iTBtu

0.10620
0.10740
0.12680
0.13160

0.118000
0.013089
0.138825

Measured
Ib/TBtu

0.46060
0.66330
0.72480
1.20660

0.763825
0.316029
1.266627

Measured
Ib/TBtu

3.97680
4.00420
4.02330
6.25170
6.90240

5.031680
1.429454
6.806297

Measured
Ib/TBtu

0.08160
0.09360

0.087600
0.008485
0.163836

Measured
Ib/TBtu

5.3343
5.4713

5.402800
0.096874
6.273161

97.5th
Percentile,
Ib/TBtu

1.805065
1.237554
0.694385
0.609453

1.086614
0.553919
1.967900

97.5th
Percentile,
Ib/TBtu

2.134924
1.991214
2.635140
5.583025

3.086076
1.687356
5.770659

97.5th
Percentile,
Ib/TBtu

7.798467
7.087007
9.532343
8.028945
6.305639

7.750480
1.202356
9.243163

97.5th
Percentile,
1b/TBtu

0.118229
0.157153

0.137691
0.027524
0.384979

97.5th
Percentile,
1b/TBtu

7.3350
5.3920

6.363500
1.373972
18.707950
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Attachment

The attachment to this memo is contained in Docket A-92-55, Entry II-E-119, and is
entitled:

Multivariable Method To Estimate The Mercury Emissions Of The Best-
Performing Coal-Fired Utility Units Under The Most Adverse Circumstances
Which Can Reasonably Be Expected To Recur. WEST Associates, Tucson,
Arizona. March 4, 2003,



