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_ABSTRACT

....

‘ Thhfepondocumentsthewmdauudymdwdopfactorsummbeusedtoestimate
utility units’s sulfur dioxide (SO,) allowable emissions und'er the Clean Air Act Amendments of 1991. To
sccomplish the objective, a database of utility units continuous emission monitoring systems’ resuits was

. constructed and factors were deveioped based on accepted EPA statistical methods. The database is a

cross-sactional representation of utiity plants with units of different sizes, with or without flue gas

desulfurization systems, and different coals. Factors were developed using various averaging periods
end exceedance policies being implemented by the States. Resuits are presented for utllity units with
and without flue gas desulfurization systems. '
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Title IV of the Clean Air Act Amendments of 1990 establishes a system of allowances for sulfur
dioxide (SO,) emissions from utlity units. The legisiation provides for a two-phase program. In Phase |,
annual emission limit of 2.5 Ib/MMBtu is imposed on 110 plants. In Phase II, a maximum limit of
1.2 Ib/MMBtu will be applied to all utiity units. The Environmental Protection Agency (EPA) Office of
~ Atmospheric and Indoor Alr Program (OAIAP) Is responsible for calculating SO, allowances for all utiiity
units, as defined in the Amendments, and developing a national allowance data base that contains all the
A units covered under Title IV. ‘ -

3

The term “aliowance® is defined in the Amendments as the tonnage of SO, that an affected unit o
tnay emit during a specified calendar year. Allowances are allocated by the EPA Administrator. One
allowance is equal to one ton of SO, emissions. The SO, allowance for each utility unit is calcutated by
muitiplying the annual quantity of fossil fuel consumed, in millions of Btu, by the actual or allowable
emission rate, in Ib SC, /MMBtu, for a previous or anticipated time period.

Under Phase i, utility units that are burning high-sulfur fossil fuels and, as a result, emitting more
than 1.2 Ib SO, /MMBtu will receive an allowance of 1.2 ib SO, /MMBtu. For units with low to medium
SO, emissions, actual or allowable emissions, whichever is lower (and they are usually less than 1.2),
must be used. - |

. To estimate SO, allowances for utility units, EPA can use available data bases such as the.
* Department of Energy Form 767, the National Acid Precipitation Assessment Program (NAPAP) Emiésign
" Inventory version 2, the National Utility Reference File (NURF), or a corrected data base, as established
by the Administrator, as a base reference. However, some of the above data bases contain
shondoﬁ-lings, such as incomplete lists of plants covered under Title 1V, different bases (e.g.,_ different
averaéing peripds). \different units of measure, or incorrect data.

In order for EPA to set an allowable emissions level, all current regulatory limits must be _
converted to the same units - Ib SO, /MMBtu per year. The regulatory limits in effect across the nation
use varying averaging periods. Converting these limits to an annual basis is not straightforward, since
averaging time, compliance policy, and emissions variability all affect the emissions limit that a faciity
can meet.

The variability in emissions Is particularly important to consider. Facllities with high variabllity in
their emissions need to operate at a mean emission rate below the reguiatory limit in order to avoid

‘ .nqw-mu-z 1 ) ' . i




) exceedances. The higher the variabiity, the lower the mean emissions need to be in order to avoid an

The averaging period affects the mean oniy siightty, bi it has considerable effect on the standard
deviation (a measure of variability). As averaging periods are lengthened, the standard deviation goes -
down. Thm.afac!&ymyboabletomeuglvenlmlazmwavmgingpeﬂodlsused but
perhaps not if a 3-hour averaging period is used. ' °

in order to convert existing regulatory limits to an annual basis, a factor Is needed that reflects the
differences in variablity and, thus, in attainable emission limits, betwesn utity bollers. Since variabiity in
emissions is largely a function of coal characteristics and control equipment it should be possible to
group boilers based on these characteristics and assign a speciﬁc-_giaetor to each grouping.

*»

11 OBJECTIVE < o -

The objective of this study was to assist EPA in developing conversion and aqﬁivalency factors t0
be used in the national allowance data base. These factors could be used to normalize the different -
forms of existing SO, regulations data (e.g., data given in percent sulfur or in different averaging periods)
into an annual average basis (In Ib SC, /MMBtu). The conversion factors can be used to estimate total
tons of allowabie emissions for units not included in the data bases or to correct the existing data bases.
To estimate total tons of allowable SO, emissions for a given utility unit, conversion factors could be .
muttiplied by the emission limits (in Ib SO, /MMBtu) and annuai average heat input (in MMBtu) of that '
unit divided by 2000. o -

1.2 TECHNICAL APPROACH

Conversion factors were developed by performing the following technical tasks:

®  The varicus averaging periods being implemented by the States were reviewed.

[ Cominuous Emission Monitoring (CEM) data on emission variability for 23 coal-bumning
plants were collected and reviewed. When inconsistent or inaccurate data were identified,
they were deleted from the analysis.

®  Atelephone survey of utilities and suppliers was eonductad and the literature was reviewed
to estimate sulfur variabiity in o2.

® $0Q, variability characteristics were analyzad and power plants were eategorlzed
' accordingiy




® Conversion factors for each power plam were developed based on accepted EPA statistical
methods.

.2.0 DATA REVIEW AND ANALYSIS

inkially, the averaging periods implemented by each State were reviewed. One or more of the
following averages were used by each State: 1-hr, 2-hr, 3-hr, 24-hr block, 24-hr rolling, 7-day, 30-day
block, 30-clay rolling, 50-day biock, and 90-day rolling.

Ammoofcsuda:aonzaeoasmm utility units was assembled and used to analyze the
variability characteristics of SO, emissions from coal-buming units subject to the acid rain provisions of
the Amendments. The data from these units were screened for errors and deviations from normal
operating variability. .Two types of data were collected: (1) hourty CEM SO, emissions; and
(2) summary statistics, including means, standard deviations, and, in some cases, autocorrelation factors
found in other reports. Q“e!;ﬂed hourly CEM data were not.availab!e. for the second type bf data. - :

Oue to the lack of data for oil-burning units, utilities and suppliers were contacted to estimate
sulfur variabillty in oll. As such, the SO, variability in oil-buming units was qualified based on the
telephone and literature survey, and a data base was not assembled.

. After ail relevant data sets had been identified, the following approach was ta}éen to develop the
factors:

e  identily afl relevant utiity boiler data and sort into a small number of categories. Categories
were based on boiler and coal characteristics that might aﬂect the variability as well as the
average SO, emissions; -

e Caiculate means and standard davuations at various averagmg periods and for different
compliance policies;

L Develop a set of factors (using different averaging periods and compliance policies) based
on the mean emissions and the maximum expected emissions; and

® Determine the probability distribution of these factors so that a statistical method can be
used to choose an "appropriate® factor for each category.

Two types of data were collected: (1) data with hourty CEM SO, emissions; and (2) summary
statistics, Including means, standard deviations, and, in some cases, autocorrelation factors. s,
emissions values have been found to have a relatively high amount of autocorrelation (greater than 0.5).
‘n autocorrelation factor is a measure of the degree of association between observations in a time




urbs. The factor can range from -1 Oforkmrsalyrelatad observations to +1 Olormremelyllnaar
associations. The standard formula for calculating autocorrelations factors’ Is:

:E.: (zc‘z’(aok’z’
Fedt

=

% - sample data point at time t;
l 24 =  sample data point at time t+k; and
e - sample data average.

The autocorrelation factors for this data set ranged from 0.59t00.88. . .- .

Detaied hourty CEM data were not available for ail of the data sets. Means and standard
deviations for one averaging period were available for some utiiity units. For these units, means and
standard deviations for other averaging periods were estimated. The estimate was based on a ratio of
averaging periods with a similar boller with known mean and standard deviation for the particular

averaging period..

A unit was considered similar ¥ it was similarty equipped (with or without an FGD) and i it burned
the same (or close 10 the same) percent suifur coal. For example, piants A and 8 are considered
simiar. Both plant A and B have known means for the 3-hour averaging period, plant A has known |
mean for the 24-hour averaging period, and the mean for the 24-hour averaging period for.plam Bls
unknown. Amﬂodmnsinfomﬂonallowsformoewﬂmmdmomeanformzmmaveragmg
period for piant B:

B, Four,
Xowe Fos-tv

A simiar ratio is established for the standard deviation. These estimates are then used to calculate the
mean for the particular plant and averaging period.

Emissions data were collected from  total of 23 units buming coal. Table 1 summarizes the coal-
bumning wtility units by identification number, type of coal being used, scrubber availability, and unit size.
Appendix A presents means, standard deviations, and autocorrelations factors for all the units
. 300 we- 20102 : 4
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: ' TABLE 1. LIST OF UTILITY UNITS
¥ B ') Size
Number  Coal Supply (% Sulfur) . Scrubber: MW)
. 1 Low Sulfur ©.32) No FGD 512
2 Low Sulfu? (0.68) " No FGD 750
3 High Sulfur (3.82) PGD . 188
5 Low Sulfur (0.3  NoFGD 640
8 Low Sulfu? (NA) NoFGD . 785
? Low Suifur (NA) No FGD 725
8  LowSufw (NA) NoFGD . 580
9 Low Suifur (NA) FGD _ 44s
10 Low Sulfur (NA) . FGD . 550
1 Low Sulfur (0.33) FGD . 720
12 . Low Sulfur : (0.33) FGD 720
13 Low Sutfur (0.33) FGD 720
14 High Sulfur (2.33) " FGD 238
15 High Suifur 3.6) FGD 195
16 Migh Sulfur (3.75) ' FGD 835
17 High Suifur (3.41) FGD 272
@ 18 High Sufur (3.85) FGD 285
1 High Sulfur (85 FGD 265
20 Low Sulfur 0y FGD NA
21 High Suttur . (28) FGD 684
22 High Sultur 2.8) FGD 684
23 Medium Suifur . FGD &5
24 High Sulfur 2.5)  FGD NA
*Washed coal.

NA = not available.
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considered in this analysis. The data base Is a cross-sectional representation of utllity plants with units

of different sizes, with or without flue gas desuifurization (FGD) systems buming low- or high-sulfur

coals, using washed or unwashed coals, having different averaging periods, and having different
wues. . - .

These units were subdivided Into three groups: six (6) non-FGD units buming low. sulfur coal,
eleven (11) FGD units buming high suifur coal, and six (§) FGD units burning low suifur coal. These
groups were used in the statistical analysis described below. e - s

30 FACTOR DEVELOPMENT

A wtility plant has a specific SO, emissions limit. Due to the random fluctuation in emission levels
both above and below the long-term average, the mean emission rate must be maintained at an
omlssion level below the emission standard in order to assure compliance. Ideally,; a unit would never
exceed the emissions limit. In fact, “compliance policies® are established to ensure a limited number of
exceedances. Typically one exceedance per year, one exceedance per ten (10) years, etc., have been
used to set emission limit standards.

Through analysis of the variability in emissions, Giguers' developed a procedurs that allows the
jection of long-term mean SO, emission levels required to meet a desired Ib SO, /MMBtu emission
limit. The method tqquires knowledge of the following variables:

e - Standard devaation and relative standard devlatlon
e Autocorrelation;
e  Emissions distribution (normal vs. lognormal);
; Length of averaging period and averaging method; and
™ Compliance policy (exceedance rate).

The relative standard deviation (RSD) s defined as the ratio of the standard deviation to the
average or mean and is typically used to describe emissions variabllity, Autocorrelation (defined above)
is not as important as RSD In determining SO, variability and predicting long-term mean emission leveis. .
Longer averaging periods dampen the effects of variability, sllowing plants to operate with SO, emission
rates dosef to the actual emissions limit.




The probability of violating the limit can be caiculated for a specific averaging period and .
exceedance policy. For example, consider a 30-day rolling averaging period in combination with a one
oxeeedar;ce per ten (10) year policy. There are 3,650 days overa 1o~year'period.’so that one
exceedance divided by the total number of potential exccedances yields 0.00027. Therefore, the
probability of violating the limit each day is a constant of 0.00027. Tha daily exceedance probability of

- 0.00027 transiates to a standard normal distribution 2 value of 3.46.

The implication of the above s that, in order to comply with the emission limit, the unit should be
run at a target level that is {ess than the given limit by an amount equal to Z times the standard deviation
of the 30-day rolling averages. Thus, the maximum expected emissions is the target level plus Z times
~ the standard deviation. : | '

Given the mean and maximum expected emissions for a specific averaging period and
exceedance policy, a factor can be created that could be used to adjust the emission limits for the -
averaging periods: - : Co s s

Factor = Mean

The factor is simply a ratio of mean emissions to expected maximum emissions. For a facility with low

- variability (and therefore operating very near the limit), this factor will be close to 1. Also for any facility,

- the factor should approach 1 as the averaging period lengthens. The compliance policy assumed to be
used by a facility will also affect the factor.

The Giguere method adjusts the standard deviation to account for the autocorrelation of tha data.
However, autocorrelations were not available for most of the facility data. Therefore, for each different
unit and averaging period, the expected maximum emissions under a pa:"ticu!ar exceedance policy were
calculated using the following formula: | |

Max =X+ Z o 8

- average emissions for averaging period;
=  2-score for compllance policy and averaging period; and

Max = expected maximum emissions;

X

z

8 = (sample) standard deviation for averaging period.



To test the validity of this approach, the data sets for which an autocorrelation value was avaiable
- were used to conduct a comparison of the Giguere method and the simplified method shown in the
above equation. Factors were computed using both methods to estimate the expected maximum, and
the differences between the resuiting factors of the two methods were computed. In looking at the
. 'Tesults from the two methods, thers does r.ct appear to be & significant difference between them.
mmmmmwmmmwmmwmwdmbnmmw
dmmmwmmmamwummuummmnomsmmmw
mmﬂngoqmﬂonwodforhc:ordwdopmus.

x.

Factor = .
KeZes)

i « In order 10 use this methodology to develop onversion factors for sq emission limits, R is
necessary to determine the mean and expected maximum for each facillty using different averaging =

-wers included:

. One exceedance allowed in a 10-ysar period;
. @ ' One exceedance allowed in one year, and

e A 1 percent exceedances (that is. 1 percent of the emission averages in a year may be i in
excess of the limit).

For example. a faciity under a 3-hcur block average regulation will have 8,760 hrs/yr/3 hrs = 2920
chances to exceed. A 1 percent exceedance policy would allow the poss:bimy of 29 exceedances i ina
year. Appondbta gwesacompamndmed!mdvaﬁousmpﬁampoﬂcm

The set of factors in each category can be used to statlsﬂu!ly characterize the category. The
probabilty distribution of factors for a given category could be used to choose the factor that applles to
8 specific percentage of the population of boilers within a category. For example, one haif the boilers
would have a factor less than or equal to the 50th percentile factor. Chocsing a factor at the 95th
Mewoddmnmsspemmdmobommmwdom«ﬂnn)wmm
calculatec by using that factor. :

~ The derived factors are not normally distributed. The famillar methods of wcwating means of
.'lorrnnl distributions, sampie standard deviations of normal dlstrlbutlons. and percemlles of normal

063078 e 20.r00-2 . 8

periods and compiiance policies. In the analysis belaw. the effects of three dmerem compiiance pdlclas




distributions are not applicable. Because the factors are continuous and bounded above and below,

‘they can be represertted by a beta distribution. A beta distribution Is defined by the data points, the end
points, and by two shape paramsters, v > 0 and w > 0. It is necessary to calculate the end points for

sach group exceedance policy and averaging period. Lawer end points are chasen to be below the -
minimum RSD for the particular averaging period under a given exceedance policy and group. The .
upper end points are selected 1o be above the maximum RSD for the particular averaging period under

a given exceedance policy and group. The factors are then nomalized as foliows: '

a - lower bound
) b - upper bound, and
X -= normaiized factor. ST

Next, t Is necessary to calculate the shape parameters for each category averaging time and
exceedance policy based on the sample data. The shape parameters are estimated as follows’:

]

x ] arithmetic mean and
¢ =  sample variancs.

| For sach category averaging period and exceedance policy, a beta distribution has been defined
by the shape parameters v and w as described above. The mean and standard deviation for a given
beta distribution are then calculated as follows’:

039078/ we- 0.2 A 9 : .




Veariance » v w
o Wiy o w o 1)

Standard Dwiaﬂon = Jvarance

Following the calculation of the summary statistics for each category and exceedance policy and
averaging period, the probability values from each beta distributios: were calculated. The probability
density function of a beta distribution is given by’:

velgg _aawet !(V‘ﬂ |
el oy

Ia)- |, oxp(-Yu*du

X = value at which the distribution is to be evaluated and
LA shape parameters.

'Cal:cwatlons were performed to détermina the value where S percent, 25 percent, 50 percant, 75 percent,
95 percent, or 99 percent of the sample factors were below it.

4.0 - RESULTS

: Tlee‘ 2 presents the estimated means, minimum and maximum values, and standard deviations
for all 23 coal-buming units for different averaging periods and exceedance policies. Originally the units
were divided into three categories: (1) non FGD units buming low sulfur coals (6 units), (2) FGD units
burning low sulfur coals (7 units), and (3) FGD units buming medium to high sulfur coals (10 units).
Figures 1 through 3 show the factors for different averaging periods. COals'comaining less than one
percent of sulfur by weight were categorized as low sulfur coals. Above one percent sulfur, coals were
considered as medium- to high- sulfur coals. Units with FGD systems burning low- and‘high-émmr coals

an examined separately and a summary of conversion factors is pfesented in Appendix C. Units with
GD systems demonstrated similar conversion factors regardiess of coal sulfur content. Therefore, two

2090k w2012 - ‘o
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s categories were used for the final analysis units without FGD (6 units), and units with FGD (17 umts) In
sddition, all cases (23 units) were combined to give average values to all units. '

. ~ Appendix D presents factors for all cases considerud In this study for different averaging périods.
different cumulative probabilities ranging from § percent to 99 percent, and two exceedance cases. For
this study, two exceedance cases as being used by States were considered: (1) one exceedance per
10 years, (2) one axceedance per year. As Appendix D shows, both cases have similar results. For all
units combined with a 1-hour biock average, a conversion factor of 0.74 would cover about 75 percent
of the population. In ancther word, 7S percent of the units considerad in this analysis have conversion
factors equal to or less than 0.74. Table 3 summarizes means and conversion factors with cumulative
mbabﬂnyhreweﬁngsswssmemdmpopdaﬂonfamuswnhommo with FGD, andall
units combined.

Conversion factors were riot developed for lhe foliowing averagmg penods 24-hr bilock, 30-day’
block, 90-day block, and so-day rolting. The eonverslon tactors for the above averaging periods,
" however, can be estimated using the trend in the factors from one averaging period to the next. For -
example, 30-day rolling average for 95 percent confidence limit and one exceedance per year for FGD
units-is 0.99. Therefore, 90-day averages should be between 0.99 and 1.0,

. As specified in a 1980 EPA report’ the sample statistics from the analyses of coals failed to
ikdentify any consistent, predictable relationships that would expiain coal sulfur variabilities.

Emission data were typically reported as ib SO, /MMBLtu, Ib S/MMBtu, or percent sulfur in the fuel.
in order to put all data on the same basis, data reported in Ib S/MMBtu or percent sulfur were converted
to [b SC, /MMBtu using the following equations:

COAL
I SO, /MMBtu = 2 * Ib S/MMBty,
b SO, /MMBtu = 18143 * (HHV]®* * §%
oL
Ib SO,/MMBitu = 1.1 * §% * DEN
whare
| HHV = higher hsating value, Btu/lb
$% = sulfur percent .
. DEN = of density, Ib/gallon

Oll heating value was assumed to be 6.2 MMBtu/bbt.
SQ-OT8/ven-20.r01:2 16




)



. TABLE 3. MEAN AND CUMULATIVE PROBABIUTY TO COVER 85 AND 99 PERCENT
OF THE UNIT POPULATION'

s Averagir_\_g_; Period
. 1 Hr ria 3 Hr 24 Hr 7 Day 30 Day -
. "No FGD' - ’

Mean _ 0.54 0.61 0.60 0.62 0.75 0.85 -
95% Probabiity 0.88 0.88 084 083 0.89 0.92
89% Probability - 0.82 053 0.90 0.90 094 096
i FGD Equipped’ |
Mean 045 0.47 0.49 0.54 0.70 0.86
95% Probabillty 0.83 0.88 087 088 - 095 09
99% Probability 092 093 0.94 0.94 0%8  1.00
Al Cased <
© Mean ' - 048 . 0S8 052 056 Q72 086 .
95% Probabillty , 0.88 0.91 0.92 0.9t 0.97 0.98
99% Probability . = 0.94 0.7 0.97 056 099 0.99
No FGDP
Mean 055 061 0.60 0.63 0.75 0.83
. '95% Probability 0.82 0.80 0.79 0.79 0.85 0.90
99% Probability 0.89 0.87 0.86 0.88 0.92 0.96
' FGD Equipped®
< Mean | - 0.42 0.44 0.45 051 068 0.86
95% Probability 0.80 0.81 0.83 0.85 0.93 0.99 .
! 99% Probabilty 0.89 091 082 0.83 0.7  1.00
All Cased
Mean - 045 - 047 048 053 0.69 0.83
95% Probabilty 0.84 0.88 0.68 0.88 0.94 0.99
© 99% Probabilty 0.92 0.95 0.95 0.95 0.98 0.99
*Factors are for one exceedance per year.
® Factors are for one exceedance per 10 years.
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: 50 CONCLUSIONS

. For utiity unkts, SO, concentration in the fiue gas varies due to variability in fuel sulfur content,
heating vaiue, and control device variability. The various analyses of coal sulfur variability identified no
' nlhblomemodbreaalsuppllmormummtopndlambﬂny The conclusion was that the
primary factors affecting coal sulfur distributions are possibly geologic factors, mining techniques, and
coal handiing procedures. For units equipped with FGD, this variabllity is aiso due to random
fluctuations in opatatlng parameters such as inlet SO, concentration, sorbent quality, ﬂua gas flow rate,
and liquid t0 gas ratio. :

In order to meet an emission standard, a unit must operate in a manner that accommodates the
- natural variability in coal and control device such that the average émlssion rate does not exceed the
permit limit for the specific averaging time. This ensures that any emission varia:lons‘ due to coal
.characteristics and control davice are normalized over the averaging time period. Asa result, the
shorter the emission averaging time the lower the mean emission will be to ensure compliance.
. ¢

The analysis of the limited CEM data indicated that significant reductions in the relative variability
of emissions can be achieved by increasing the avéraglng time interval from 1 hour to 3 hours, 24 hours,
and-30 days. This trend could also be seen in Figures 1 through 3 where the conversion factors were

‘mnad versus different averaging time pariods. These figures show the tendency of the conversion

factors to approach 1.0 as iﬁe averaging time period increases. The conversion factors for converting.
data on 1-hour and 30-day averages to annual averages for 95 percent cumulative probability will be in
the range of 0.83-0.88 and 0.92-0.99, respectively. :

Oil purchased from refineries has a known sulfur and heating value content. Suppliers generaily
guarantee these two values. The price of oil with different sulfur content can be the same depending on
the local oil market. if the oil sulfur content from different suppliers is below the standard, pricing is tﬁe
main driver for choosing a supplier. Oi-fired source operators sample the oil from the transport
container or pipelines upon delivery to ensure that it conforms with the contract specifications. In
addition, the ol in the storage tanks is well mixed and has a uniform sulfur content. As such, the
imissbns from a utility unit buming oi from the same supplier has low variabilities. However. oil sulfur
content can vary from one shipment to the next, particularly if the oll was purchasad from different

. wpplief-'o- '
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DESCRIPTIVE STATISTICS OF UTILITY BOILERS USED IN THIS ANALYSIS

-
z

. Table A-1 presents the descriptive statistics for tha wtility units used in this study. For a given
averaging period, an artthmetic mean and sample standard deviation were either.calculated o
estimated under the assumption that SO, emissions are normally distributed. A description of the -
method of estimation is found In this report. For those units for which &t was avaiable, the
sutocorrelation factor for a given averaging period Is also presented. A description of autocorrelation
tactors s found In Section 2.0 of this report | |
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: ) TABLE A-1. DESCRIPTIVE STATISTICS OF THE UTIUITY UNITS
1D Averaging ‘ Standard Auto-
. » - Period Mean °. . Deviation - Correlation
1 t-hr 0603 0177 . 0.97
24 0.602 - 0118 '
3ir 0.602 0.114
24-hr B 0.602 . 0.100
‘ 26 R 0.602 0.099
ST T Tt T T 7<dayR 0.601 0.060
30-day R ' 0.606 - 0.016
2 . 0.875 0.084 0.71
. 24 0.878 0.081
3-hr ' 0.875 , 0.078
24-hr B 0.875 o 0.059
24-hrR 0.875 : 0.058
7-day R 0.871 ~ c.029 ]
8 1-hr : os12 - 0.396 . . 0.92
2-hr 0.613 0.384
3-hr . 0.613 0.379
24-hr B 0.614 0.329
24-hrR - - 0.585 0.262
TdayR - 0546 0.099
L3 1-hr
ahr
®
24-hr B
24-hr R
7<day R
- 30-day R 0.569 0.074
-] hr . -08 0.09 o 0.73
’ 2-hr 08" 0.07*
3hr 08 0.08 0.69
24-hr R 0.8 0.06 0.72 |
7-day R : - 08 0.05 - 093
30-day R 0.8 0.02 0.81
7 1-hr oS 0.09 " 094
2-hr 0s* 0.07°
3-hr 0.5 0.08 0.90
~ 24hrR s 0.08 0.79
7day R 0s 0.08 0.96
30-day R 0.5 0.04 0.98
8 - i-hr 0.78 0.18 ‘ 0.88
24w - o78* " 0.12° ,
3-tw 0.78 0.14 0.84
2¢-hr R 0.78 0.12 _ 0.59
: 7-day R 0.77 0.08 ' 0.94
. . 30dayR 0.77 0.05 . 0.94




TABLE A-1. CONTINUED

(#

Averaging Standard Auto- .

# Period Mean . Deviation Correlation
9 - the 09 0.12 0.74 .
' 2hr 0.9* : 0.12*
3-hr 0.9 ‘0.1 0.78
24-hr R : 0.9 o 008 - 0.67 A
7day R 0.9 0.06 0.95 .
30-day R . 09 0.02 _ 0.95
10 1-hr 0.8 - 0.09 0.94
2-hr 0.8* © 0.09* .
a-hr - 0.8 0.09 ‘ 0.88
24-hr R 0.8 - 0.07 0.73
7-day R . 0.8 0.0 0.95
. 30dayR 0.8 . 0.02 . - 091
11 e 0.352°. 0.224* '
: 24 o.asa: ’ i 0.218: :
- 3-hr 0.352 0.214 :
24-hr 8 0.352 0.161
24-hr R 0.352 0.161
7day R 0.352* . 0.118°
30day R 0.352* 0.043*
12 1-hr 0.609* 0.213°
2-hr 0.610° 0.207*
3 0.609* 0.204*
24-hr B 0.609 0.153 . .
24-hr R 0.609 0.153 '
7-day R 0.609* _ 0.112°
.. 30-dayR 0.609* 0.041°
13 ~ “$-hr 0.29° 0.281°
2-hr ' 0.29* . 0.273*
3-hr 0.29* 0.269*
24-hr B 0.29 0.202
24-hr R 0.29 0.202
7-day R ’ 0.29°* 0.148*
30-day R 0.29* 0.054*
14 1-hr - 1.008* 0.204*
2-hr 1.007¢ 0.198*
3-hr 1.001° 0.188°
2¢-hr B 0.947 0.124
24-hr R 0.947 0.124
7dayR . -
30-day R




[

TABLE A-1. CONTINUED

Auto-

. 0 Averaging . . Standard
# Period Mean . . Deviation Correlation
15 . 1hr 0.998° | 0.224° 4
- 2 1.000: 0217:
3 1.000 ‘0.214
. zm :- 1.001* 0.186°
2 0.953 0.148
— e e - - 7-day: 0.891°* 0.056*
16 14 0.328* : 0.121*
. . 24 o.azs: : 0.117:
3-hr 0.326 0.116* .
24N B 0.227" 0.100*
24-ir R 0.311 0.080
7dayR 0.291* 0.030°*
| 30-day R T
7 . i 0.303° 0.131°
' 2-hr 0.303° . 0.128°
a-hr 0.303°* 0.126*
2400 8 0.304* . 0.109°
24-hr R 0.289 0.087
"”"1 0.270* 0.033*
' 30-day : :
. 18 1-hr 0.707* 0.286*
2-hr o.m: 0.277:
3-hr 0.708 0.273°*
24-hr B 0.709* : 0.237*
24-hr R

0.675 - 0189




TABLE A-1. CONTINUED

[43]

‘ ID Averaging . | Standard Auto-

# Period i Mean . Deviation Correlation .
21 1-hr 0.87* T 0.214°
2-hr 0.es* .~ _0.208°
3-hr 0.87* . 0.188°
2¢hrB 0.e7* 0.127°
24hr R 0.87 0.128 .
7day R
30-day R - 0s88* - - - 0.006*
2 ) 1hr - 0.988* - 0.102°
X 0.9%0* 0.099*
) 3hr ' 0.983* 0.000*
24-hr B 0.982* 0.061*
24-hr R ©0.983 : 0.06%
7dayR '
30-day R 0.989° 0.003"
23 - thr 02607 .. - 0.2799
2-hr 0.2612* 0.2718* .
3-he 0.2597 0.2578
3hourR . 0.2584 0.2583
2¢hr B 0.2422 0.1837
2¢-hv R 0.2458 0.1702
24 1-he 0.6737 0.1832
2-hr 0.6749* 0.1775* .
3-hr 0.6699 0.1606
3-hrR 0.6697 . 0.1604
24-hr B 0.6697 0.1089
24-hr R 0.6702 0.1084 °
30-day R 0.6742 0.0050 )

W
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COMPARISON OF TWO EMISSION FACTORS CALCULATION METHODS
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. for each unit for each of the averaging periods for three different exceedance policies. In looking a7

COMPARISON OF TWO EMISSION FACTORS CALCULATION METHODS

For five (5) utlity units used in this study, an amc.édrrelathn factor was available for five (5)
different averaging periods. These units were used io eompam'two methods of factor calculations.
The simpilfied factors resutting from the method requiring only the mean and standard deviation are
designated Mean/Exp. Max, or A. These factors were compared to those derived using the Giguere
method, designated Target Level/Limit, or B. The difference between the two factors was calculated

tha resuits from the two methods, there does not appear to be a significant ditference between them.

Tabile B:1 also shows how the factors (2ither A or B) increase with increasing averaging period

length and the effect the exceedance policy has on the factors.

- .
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TABLE B-1. EMISSION FACTOR COMPARISON

()

' Target
. Averging Exceedance Expected Mean/Exp. Target Level/Uimit  Difference

Period Policy Maximum  Max (A) levdd - - (B) (B-A)
8 -hr Ones/10 yr 1.1812 06773 . 0.8528 07107 - 0.033
) 3hr One/10 yr 1.1188 0.7182 0.9018 0.7518 0.036
24-hr One/10 yr 1.0541 0.7589 0.9452 0.7877 0.029
7day R One/10 yr 0.9728 0.8224 0.9635 0.8029 €.019
30day R One/10 yr 0.8691 0.9205 1.0983 = 0.9160 0.004
1-hr One/yr  1.1317 0.7089 0.8861 0.7384 " 0.032
3-hr One/yr 1.0716 0.7485 0.9360 0.7800 - 0.033
24-hr R One/yr 1.0211 0.7834 09720  0.8100 0.027
7day R One/yr 0.9389 0.8521 1.0023 0.8352 0.017
30-day R One/yr 0.8555 0.8351 1.1177 0.9314 0.004
1-hr 1% 1.0094 0.7926 . 0.9807 08173 . 0.028
3 . 1% 0.9861 - 0.8113 - 1.0057 08387 . 0.027
24-hr R 1% 0.9396 0.8514 1.0453 0.8710 0.020
7day R 1% 0.9163 0.8731 1.0298 0.8582 0.018
30-day R 1% 0.8465 0.9450 1.1303 0.9419 -0.003
7 1-he One/10 yr 0.8812 0.5674 0.6900 0.5750 - 0.008
3-hr One/10 yr 0.8185 0.6108 - - 0.7480 0.6233 0.012
24-hr R One/10 yr 0.8388 0.5961 0.7489 0.6241 0.028
7day R One/10 yr 0.7074 0.7068 0.8235 0.6863 0.021
. 30-day R One/10 yr 0.6382 0.7834 0.9175 0.7646 0.019
1-hr One/yr 0.8317 0.6012 . 0.7303 0.6086 0.007
3-hr One/yr 0.7716 0.6480Q 0.7919 0659 = 0.012
24-Nr R One/yr 0.7948 0.6291 0.7873 0.6561 0.027
- 7day R One/yr 0.6666 0.7500 0.8776 0.7313 0.019

30-day R Qne/yr o611t 0.8182 ) 0.9619 0.8016 0.017 )

e 1% 0.7094 0.7048 0.8535 0.7112 0.006
3-hr 1% 0.6861 0.7287 0.8868 0.7390 0.010
24-hr R 1% 0.6861 0.7287 0.9014 0.7514 0.023

7-day R 1% 0.8396 0.7818 0.9178 0.7647 0.017

‘30-day R 1% 0.5931 0.8431 0.9940 0.8283 -0.015




" TABLE B-1. CONTINUED

. , Target -
D Averging Exceedance Expected Mean/Exp. Target Level/Limit  Difference
* Period Policy Maximum Max (A) Level (8) “(B-A)
8 14w One/10 yr 1.4153 .0.8511 0.6803 0.5659 0.016 -
3-hr One/t0 yr 1.3374 0.5832 0.7251 0.6042 0.021
24hr R One/10 yr 1.2882 0.6055 0.7997 0.6665 0.061
7day R - One/10 yr 1.0465 0.7358 0.8257 0.6881 0.048
30-day R One/10 yr 0.9428 0.8167 0.9351 0.7793 £0.037
~ e One/yr 1.3328 0.5852 0.7208 0.6007 0.01§
3-hr One/yr 1.2554 0.6213 0.7699 0.6416 0.020
2¢hrR . One/yr 1.2223 0.6382 0.8359 -0.68966 0.088
7<day R One/yr 0.9922 0.7781 0.8798 0.7330 0.043
30-day R One/yr 0.9089 0.8472 0.9775 0.8146 0.033
1hr 1% 1.1290 0.6909 0.8453 0.7044 0.013
o 3hr 1% 1.1057 0.7054 0.8679 0.7232 0.018
T 24-hr R 1% 1.0592° 0.7364 0.9412 0.7844 0.048 -
7dayR . 1% . 0.9561 0.8053 0.9195 0.7662 0.039
30-day R 1% 0.8863 0.8688 1.0078 0.8399 £0.029
9 - t-hr One/10 yr 1.4082 0.6391 0.8077 0.6731 0.034
3-hr One/10 yr 1.3380 0.6727 0.8426 0.7021 0.029
24-hr R One/10 yr - 1.2388 0.7265 0.9173 " 0.7644 0.038
‘7-day R One/10 yr 1.1074 0.8127 0.9416 0.7847 <0.028
30-day R One/10 yr 0.9691 0.9287 1.0985 0.9162 0.012
1hr One/yr 1.3423 0.6705 0.8435 0.7029 0.032
3hr One/yr . 1.2735 0.7067 0.8812 0.7343 0.028
24-hr R One/yr 1.1948 0.7532 0.9463 0.7886 0.035
7<day R One/yr 1.0666 0.8438 -0.9832 0.8183 0.024
30-<tay R One/yr 0.9558 0.9419 1.1178 0.9315 <0.010
t-hr 1% 1.1792 0.7633 0.9472 0.7894 0.026
3-hr 1% 1.1559 0.7786 0.9616 0.8014 0.023
24-nt R 1% 1.0861 0.8286 1.0263 0.8552 0.027 -
7day R 1% 1.0396 0.8657 1.0129 0.8441 <0.022
30-day R 1% 0.9465 0.9508 1.1304 0.9420 0.009




TABLE B-1. CONTINUED

. ¢ . Tafget .
. - Averging Exceedance Expected Mean/Exp. Target Level/Limit ' Difference
* Period Policy Maximum  Max (A) Level (8) (8-A) |
10 1 One/10 yr 1.1812 0.6773 08208 = 06840 0.007
3hr One/10 yr 1.1583 0.6908 0.8450 - 0.7041 0.013
24¢-hrR One/10 yr 1.0965 0.7296 09114 . 0.7588 0.030
7<day R "One/10 yr 0.9728 0.8224 09628 - 0.8023 ©0.020
30-day R One/10 yr 0.8691 " 0.9208 1.0944 0.9120 <0.008
14 One/yr 1.1317 0.7069 0.8559 0.7133 0.006
3-hr One/yr 1.1058 0.7236 0.8834 0.7362 0.0136
24hr R One/yr 1.0580 0.7562 0.9408 0.7840 0.028
7<day R One/yr 0.5389 0.8521 1.0016 0.8347 0.017
30-day R One/yr 0.8555 0.935t 11137 0.9281 <0.007
1hr 1% 1.0094 0.7926 0.9571 0.7976 0.005
3-hr . 1% 1.0094 0.7926 0.9635 0.8029 0.010
24-Ir R . 1% 0.9628 - .0.8309 1.0222 0.8518 0.0027 - ~
7<day R’ 1% 0.9163 0.8731 1.0293 "0.8577 0.015

30-day R 1% 0.8465 0.9450 1.1268 0.9390 <0.006
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APPENDIX C

. SUMMARY OF CONVERSION FACTORS







SUMMARY OF CONVERSION FACTORS

. Table C-1 presents the calculated conversion factors, using the simpiified method, for each FGD-
equipped utiiity units used in this study. Conversion factors were calculated for two different
exceedance policies for a variety of averaging periods. Foctnote °a” indicates that the unit burns
high-sulfur coal and "b* indicates that the unit bums low-sulfur coal. Footnote °c” indicates that the

- factor was derived from estimated means and standard deviations, as described in Section 2.
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APPENDIXD

CONVERSION FACTORS FOR SELECTED PROBABILITIES
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CONVERSION FACTORS FOR SELECTED PROBABILUTIES . .

Because the conversion factors are continuous a:id bounded above and below, they can be
represented by a beta distribution. The statistics presented in Table D-1.and D-2 were caiculated -
using a beta distribution to generate cumuiative probabilities for twd different exceedance policies.
Table D-1 summarizes the one-exceedanco—per-year policy and Table D-2 the one-exceedance-per-

ten-ym pollcy

The units were divided Into two categories according to FGD equipment; statistics for the
combined categories are also shown. Means and standard devlaﬂons were calculated for each
averaging period under a given exceedance policy. Factors were caiculated at selected cummatwe
probability levels of 5 percent, 25 percent, 50 percent, 75 percent, and 95 percent. For example, for
non-FGD equipped units under a compl:ance policy of one exceedance peryear and a 1-hour block”
averaging period, 95 percent of the conversion factors are less than (or equal to) 0.85, whereas for a
30-day rolling averaging period, 95 percent of the conversion factors are less than (or equal to) 0.95.




’
.
.
. .
-
. .
. . .
‘ .
N .
s -
- .
- . .
.
N .
. . .
-
. . » -

.
L




-
ea.o

"

8'0 06'0 06'0 €60 260 %66 = X > ynsey JO SIUTYD
z6'0 690 €90 90 89'0 89°0 %SE = ¥ > YNseY jo euRyD
180 8L2'0 89’0 €L'0 oL'0 1 /X %SL = X » Ynsey JO S3UBYD
690 890 S50 £9'0 99°0 €90 ° %0S = X > YNSSYY JO SIURYD
950 950 Zro zs'0 SS'0 zs'0 %SZ = X > Ynsey Jo SouRyD
L0 6t "0 1e0 ) SE'0 %S = X > YNseyY Jo S2UBY)
800 910 810 0o - 8o 610 uojisjaeq piepurig
$8°0 wo - $9'0 €90 £9'0 150 useyy

[(LERILD

o Aep-2 TR

M

HV3IA H3d 30NVA3I30X3 mzo HO4 mwwc..u ALMIBYEOHd INJH3II0 HO4 SHOLOVI NOISUIANCD *i-0 F7avL

| .




%NGE N> ..:oc.z o e3uRy)-

a -4

86°0 60 €60 <60
€60 180 $9°0 €80 %S6 = X > Ynsey) jo eduNyd |
€80 690 99°0 99°0 %SL=A> ..:aot §0 3uByD)

. 69'0 ¢80 "6v'0 0S0 %05 = X > }NSe} JO SuLY)
€90 cc'0 €c'o se'o NST = X > Ynsey jo euURY)
6C’0 S1'0 o L1’0 %S = X > Ynsey Jo SJURY)
um.o 91°'0 910 91’0 uofjejaeq piepueis
oL’o 6v'0 iv'o sv'o useyy

Poaninb3 go4
aN¢ a8 -2

osuisneis

HV3A H3ad 3ONVA330X3 3NO HOS wumtc ALNIBYBOUd 1N3UI3I0 HO4 SHOLOV NOISHIANOD °1-Q FNavL




660 660 960 160 26'0 60 %66 = X > ynsey j0 e3uwyd

660 160 0 - z60 0 880 %SG = X > ynsey jo saueyd
160 eg0 oro sro ve'o o %SL = % >YNSSY JO SoURYD
wo 1o 190 60 10 - 8S0 %09 =X>ynsey jo ecuwyd
050 290’ o ovo €0  ovo %SZ = X > YNSeY j0 SIURYD
620 $T0 €Zo - 810 1’0 0Z0 %G =xX>ynsey joeouey) '
o w0 a0 - . ere 81°0 81°0 uojiejaeq prepumys:
980 a0’ w0 . zg0 IS0 evo uroyy
- : .. | W
whep-or . uApL W MeT amt  eamz a onsneig

HV3A U3d 3ONVQ330X3 3NO HO4 SISV ALNIGVEOHd INIHIIIO HOJ SHOLOVS NOISUIANDD °1-0 T1aVL

. .
. . ) . ' .
. .
i .
N .
. . e
“ [ * . -




i

penupuoy)
, .
960 26'0 890 98'0 180 680 %66 = X > YNSoY §0 QU
06’0 90 6L'0 6L'0 080 za0 %S = X > YNSeY jo souryy
oL 1o 290 90 890 890 %SL = X > Ynsey Jo soudyd
€90 650 8o 50 150 150 %05 = X > Ynsey jo SouRyD
8'0. syo ve0 evo o0 90 %SZ = X > UNsey Jo eoueyd
o 8zo 810 820 0 ot %S = X > Ynsey §o SI3URy)
600 810 0z0 810 810 0zo uoyijAeq prepUTS .
€80 sL'0 £9'0 090 190 550 uveyy
. POTIADY GOFUoN
8 -z a N

H -9

a8 M€

onsnms




" 00 180

£6'0 z6'0 160 €8'0 %G6 = X > YNSoY Jo SUSYD
660 . £6'0 $8°0 €80, 180 08'0 %S6 = X > Ynsey jo oueyd
6’0 8L'0 190 £9'0 19'0 190 %SL = X » Jnsey jo SIusy)
080 €90 190 90 1a ) 90 %0S = X > JNSeY Jo eduURYD .
850 oo . SE0 oco 8z'0 1e0 AST = X > Ynsey jo eumy)
z'0 €z0 0wo z1'0 b0 S1'0 NG = X > Ynsey jo soueyd)
€10 g1'0 no 81'0 21°0 810 uopizjAeQ prepuels
980 890 19°0 SY'o 0 o usepy
S PeIO3 GoJ
H Aep-o¢ o Aep-g o 92 ajisyinis

a8 ne




660 . 96°0 $6'0 T S6'0 "~ S6'0 . . 260 . %66 = X > Ynsey jo oh....u

€60 60 880 880 880 v8'0 %S6 = X » YASeY §O e3UTYD

€90 ' z8'0 2o oL'0 69'0 19'0 %SL = X > Ynsey Jo euyD

o 890 950 - €80 z9'0 Z50 ° - %0S = X > }nsey Jo euUTYD

6¥'0 €S'0 " ore 0 o 9c'0 " '%SZ = X >)nsey J0 e3uRy)

610 - 00 ozo .. si'o vL'0 810 " %G = X>}NSeY JO S2uURYD

€10 91°0 810 0 81'0 0o uojisjaeq paepusys

" cwo 690 €50 8v'0 Lo X . usep
: -

u Aep-oc Ty Aep-g Y N-p2 a ¢ a8 N2 a N spsnng

SUV3A 0} H3d JONVA3IONI INO YOS SISV ALNISVAOHd IN3H34410 HO4 SHOLIVI NOISUIANOD .,ﬁ.o Javi




