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Mr. William H. Maxwell, P.E. (MD13)

Office of Air Quality Planning and Standards
U.S. Environmental Protection Agency
Research Triangle Park, NC 27711

Dear Mr. Maxwell:

In response to the Clean Air Act Amendments of 1990, the Electric Power
Research Institute (EPRI) initiated the PISCES (Power Plant Integrated Systems:
Chemical Emissions Studies) program to better characterize the source,
distribution, and fate of trace elements from utility fossil-fuel-fired power
plants. As part of the PISCES program, the Field Chemical Emissions
Monitoring (FCEM) program has sampled extensively at a number of utility
sites, encompassing a range of fuels, boiler configurations, and particulate, SO,
and NOx control technologies. EPRI is actively pursuing additional FCEM
sampling programs, with 29 sites either completed or planned.

This site report presents a preliminary summary of data gathered during a
sampling program conducted at one of the FCEM sampling programs - Site 115.
Site 115 consists of a pulverized coal boiler burning a western bituminous coal,
with a fabric filter for particulate control. Baseline tests were conducted in
November 1992. Phase II tests were conducted along with urea injection in
March 1993.

The Site 115 sampling and analytical plan included some differences from the
standard sampling and analytical plans at other FCEM sites. Specifically, the
California Air Regulatory Board (CARB) methods were used to sample for the
volatile organic compounds (VOCs) and the polycyclic aromatic hydrocarbons
{PAHSs). In the multi-metals trains, the filter and associated rinses were
combined with the impinger fractions in order to obtain lower detection limits
- thus only total metal concentrations are available, instead of differentiating
between particulate and vapor phase concentrations.

The primary objective of this report is to transmit the preliminary results from
Site 115 to the EPA for use in evaluating select trace chemical emissions from
fossil-fuel-fired steam generating plants. It should be noted that the results
presented in this report are considered PRELIMINARY. As additional data
from other sites are collected and evaluated, EPRI may conduct verification
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tests at this site. If this is done, the new data will be made available to the
Environmental Protection Agency (EPA).

In addition to the raw data in the Appendix, the report provides an assessment
of the material balances, discusses the data quality, identifies suspect data, and
offers possible explanations for the questionable data. This report does not
compare the results from Site 115 with the results from previous utility sites.
Nor does this site report attempt to address the environmental and health risk
impacts associated with the trace chemical emissions.

EPRI hopes that this site report is of assistance to the EPA in evaluating utility

trace chemical emissions as well as the associated health risk impacts.

Sincerely,

e

Paul Chu
Manager, Toxic Substances Control
Environmental Control Business Unit
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SECTION 1.0

DU N

1.1 BACKGROUND AND OBJECTIVES

This report summarizes data gathered by Carnot at a power plant designated Site 115 for
a program sponsored by the Electric Power Research Institute (EPRI) and the host utility. The
objective of the Field Chemical Emissions Monitoring Project (FCEM) sponsored by EPRI is
to measure the concentrations of selected inorganic and organic substances in the process and
discharge streams of power plants. These data are being used to determine the fate and control
of these substances.

The primary objectives of this report are to provide information on fuel composition and
stack emissions and to evaluate these data according to the criteria outlined below. The
information is presented in a format suitable for the U.S. Environmental Protection Agency
(EPA) to use to study emissions from fossil fuel fired power plants, as mandated by the Clean
Air Act Amendments (CAAA) of 1990. This report summarizes fuel and stack gas concentration
data measured during the two phases of the operation of a pulverized western bituminous coal-
fired boiler. Emissions were controlled by a low NO, burner with over-fire air (LNB/OFA) and
a fabric filter dust collector (FFDC) during the first phase. Urea injection was added to the NO,
controls during the second phase of the evaluation. Phase I testing was conducted in November
1992 with the unit at normal operating (baseline) conditions. Phase II testing was conducted in
March 1993 with and without urea injection. Tests conducted during Phase II without urea
injection included mercury and chromium speciation tests, and benzene and toluene tests. The
benzene and toluene tests were repeated for verification of Phase I results.

Table 1-1 lists the substances of interest to the FCEM project. The target analyte list for
Site 115 includes cyanide, ammonia and radionuclides. Cyanide and ammonia were added to
the target list as possible products of urea injection. Additional evaluation tests for chromium
and mercury were also chosen for study at Site 115. Camot conducted the testing and has
prepared this report using the following procedures to evaluate the data:

o The type and quantity of quality assurance samples were reviewed to determine
the confidence that can be placed in the results; and

. The QA/QC results were compared with data quality objectives to evaluate
precision and accuracy.
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TABLE 1-1
FCEM SUBSTANCES OF INTEREST
SITE 115
e - -
Inorganic Species Organic Compounds
Arsenic Benzene
" Barjum Toluene

Beryllium Formaldehyde
Cadmium Naphthalene
Chlorine (ss chloride) Acenaphthyleae
Chromium Acenaphthene
Cobalt Fluorene
Copper Phenanthrene
Fluorine (as fluoride) Anthracene
Lead Fluoranthene
Manganese Pyrene
Mercury Benz(s)anthracene
Molybdenum Chrysene
Nickel Benzo(b)fluoranthene
Phosphorus Benzo(k}fluoranthene
Selenium Benzo(a)pyrene
Vanadium Indeno (1,2,3-cd)pyrene
Cyanide Dibenzo(a,h)anthracene
Ammonia Benzo(g,h,i)perylene

2-Methylnaphthalene

7,12-Dimethylbenz(a)anthracene
3-Methylcholanthrene

Additional Substances

Total and hexavalent chromium by the EPA recirculation method”
Hg (0) and Hg (11) by the Nick Bloom/Frontier Geosciences methodology
Radionuclides:

Uranium-233 & -234

Uranium-235

Uranium-238

Radium-226

Radium-228

Lead-210

Polonium-210

Thorium-228

Thorium-230

Thorium-232

[T

* Determination of Hexavalent Chromium Emissions from Stationary Sources, Methods Manual for Compliance with BIF
Regulstions, EPA/530-SW-91-010.
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Results are presented for each substance by individual run and as an averaged total. To
demonstrate data variability, the 95% confidence interval about the mean is also presented.

1.2 SAMPLING AND ANALYSIS PROTOCOL

The sampling and analysis protocol for Site 115 is described in Appendix A. The FCEM
program has attempted to employ standard sampling and analytical procedures when possible.
The methods used are comparable to those used at other FCEM sites with the following major
exceptions:

. Benzene and toluene samples were collected in tedlar bags according to California
Air Resources Board (CARB) methodology rather than using VOST sampling.
At the time of sampling there were some concemns about the VOST method.
Previous experience indicated that tedlar bag sampling gives adequate results.

. Exhaust gas metals were determined as the total per sample train rather than
differentiating between particulate and vapor phase metatls.

. PAHs were collected and analyzed according to CARB methodology. These
samples were analyzed using isotope dilution methodology by high resolution gas
chromatography/low resolution mass spectrometry with selected ion monitoring
(HRGC/LRMS-SIM)

. Trace elements in coal were analyzed by ICP-AES, except lead which was
analyzed by GFAAS and arsenic, barium, mercury and selenium which were
analyzed by INAA.

1.3 QUALITY ASSURANCE/QUALITY CONTROL

The completeness of the quality assurance data was reviewed to judge whether the quality
of the measurement data could be evaluated with the available information. In general, the
results of the QC checks available for Site 115 indicate that the sample results are well
characterized. An evaluation of the accuracy, precision, and bias of the data, even if only
qualitative, is considered to be an important part of the data evaluation. A full discussion of
each of these components of quality can be found in Section 5.0.

Standard QA/QC checks for this type of sampling program involve the use of: 1)
replicate tests, duplicate field samples and lab analyses, and matrix spike and lab control
duplicates to determine precision; 2) matrix spikes, surrogate spikes, and laboratory control
samples to determine accuracy; and 3) field blanks, trip bianks, method blanks, and reagent
blanks to determine if any of the samples were contaminated during collection or analysis. Most
of these standard QA/QC checks were used on samples form Site 115. Some QA/QC checks
do not apply to some types of analyses, for example, surrogate spikes do not apply to metals and
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anion analysis. The absence of any of these "standard” quality control checks from the Site 115
report does not necessarily reflect poorly on the quality of the data but does limit the ability to
measure the various components of measurement error.

1.4 DATA QUALITY

The available QA/QC results were compared to the data quality objectives shown in
Section 5.0. QA/QC results outside the data quality objectives are noted and discussed, other
quality assurance values are evaluated, and the potential effect on data quality is noted. The
detailed information presented in Section 5.0 supports the conclusion that the data quality
objectives were met with the following exceptions:

. The collection and compositing of coal, bottom ash and flyash samples did not
completely follow ASTM procedures. Coal and flyash samples were collected
and composited from each of eight coal feed hoppers, and from the bottom of
each of twelve ash hoppers. Bottom ash samples were collected during each
bottom ash sluice. Results for metals and anions in coal and ash may not be
representative.

o There are concerns with the quality of the FFDC inlet and outlet toluene results.
Phase I toluene levels were 10 times higher at the FFDC outlet than at the inlet.
Repeat tests performed during Phase II resulted in higher toluene levels at both
sample locations, however blank levels for these tests represent 33-59 % of sample
levels.

. Results for three PAH compounds: indeno(l,2,3-c,d)pyrene,
dibenzo(a,h)anthracene and benzo(g,h,i)perylene were not well quantified.
Internal spike recoveries for these compounds in inlet samples were very low
(<10%), and sample results were not recovery corrected.

. The mercury speciation tests performed at the FFDC inlet may not have
accurately speciated mercury because half of the total mercury measured was
collected in particulate which built up at the inlet of the first trap. It is not
known in what proportions mercury species might have been trapped by carbon
or other materials in this particulate. Results for one of the inlet tests were
invalidated because of suspected sampling problems.

. Formaldehyde concentrations may be biased high. Formaldehyde field blank
levels were 1-3 times the sample levels. The method allows field blank
correction, however because the blank levels were high and extremely variable,
this was not performed.
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1.5  REPORT ORGANIZATION

Section 2.0 of this report briefly describes the plant, the FFDC and the sample locations.
Section 3.0 discusses the results of the chemical analyses of the coal, ash and flue gas streams
for baseline and urea injection tests. Section 4.0 discusses the results of the chromium and
mercury speciation tests. Section 5.0 presents QA/QC and engineering evaluations of the data.
Section 6.0 presents example calculations, and a glossary of terms is provided in Section 7.0.
The appendices contain information on sampling and analytical methods, stream concentrations,
sampling data, process operation, error propagation equations, and detailed QA/QC data.
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SECTION 2.0

SITE DESCRIPTION

This section presents a description of the test site, designated Site 115, and the sampling
locations at this site.

2.1 FACILITY INFORMATION

Site 115 is a roof-fired Babcock and Wilcox (B&W) boiler commissioned in 1955. The
maximum rated capacity on this unit is 117 MW gross. This unit is capable of firing both coal
and natural gas, however, only coal-firing was included in this project. Site 115 fires a western
bituminous coal which enters the unit through 12 burners mounted on the roof. The unit shares
a stack with another adjacent boiler unit.

Coal bunkers located on-site provide coal through eight coal feeders to four coal
pulverizers before the fuel is introduced into the boiler. Each pulverizer supplies three bumers,
two on one side of the furnace division wall and one on the other. The configuration of Site 115
is summarized in Table 2-1. Figure 2-1 is a process flow diagram of Site 115.

2.2 FLUE GAS TREATMENT FACILITIES

B&W XCL low-NO, burners and overfire air ports have been installed for NO, control.
A urea injection system was used for selective non-catalytic NO, reduction (SNCR) during the
second phase of the program. Particulate matter is controlled by a retrofitted Ecolaire fabric
filter dust collector (FFDC) with an air/cloth ratio of 2. The FFDC is designated for a
0.007 gr/dscf outlet dust concentration for up to 600,000 acfm of flue gas at 290°F.

2.3 ASH REMOVAL FACILITIES

Bottom ash consists of the larger, fused ash particles, the majority of which is wall slag
removed by the wall blowers. Bottom ash is sluiced from the hopper into an ash pit water box
and grinder prior to transport to a settling pond. Water from the settling pond is recirculated
to the ash sluicing system. Bottom ash from the settling pond is transported off site for disposal.
Water is added to the system to make up for evaporative loss and replace water entrained with

the ash.
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TABLE 2-1
UNIT 2 CONFIGURATION

EPRIE-12102/R153E763.T

Maximum Gross Electrical Qutput (MW):

Particulate Control:
NO, Control:

Boiler Type:
Fuel Type:
Fuel Sulfur Content (%)™
Phase | Baseline:
Phase 1T Baseline:
Phase Il Urea Injection:
Fue! Ash Content (%)%
Phase 1 Baseline:
Phase ]] Baseline:
Phase II Urea: .
Fuel Heating Value (Btw/Ib, dry)®
Phase I Baseline:
Phase II Baseline:
Phase [I Urea Injection:
No. of Coal Pulverizers:
No. of Feeders per Pulverizer:
Bottom Ash Disposal:
Flyash Disposal:
Cooling System:
Cooling Water Source:

117

Fabric Filter Dust Collector

Low NO, Bumners/Over-Fire Air, Urea
Injection (Phase II only)

Roof-fired

Western Bituminous Coal

0.49
0.60
0.49

9.94
9.57
9.49

12,565

12,627

12,638

4

2

On-Site Pond, transported to landfill
Collected dry, transported to landfill
Mechanical tower fans

River Water

(w) Average values measured during sampling
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Flyash collects in 12 FFDC hoppers and is pneumatically conveyed to a flyash silo. This
ash is also transported off site for disposal.

2.4 SAMPLING LOCATIONS

Samples were collected at the five sampling locations identified in Figure 2-1. Coal was
the only feed stream sampled. One internal stream, the flue gas inlet to the FFDC, was
sampled. Three discharge streams were sampled: the FFDC outlet exhaust gas, the flyash from
the FFDC, and the bottom ash from the furnace.

A brief description of each sampling location follows:

. Coal samples were collected twice a day during flue gas emissions sampling.
Samples were collected from each of eight coal feeder hoppers located just ahead
of the coal pulverizers and combined. Phase I samples were composited daily for
analysis and Phase II samples were analyzed separately to correspond with flue
gas emissions tests.

. Flue gas entering the FFDC was sampled at the six available test ports on the
FFDC inlet duct. A total of 42 points were sampled for each isokinetic test.
This sampling location did not meet EPA Method 1 dimensional criteria, and
three-dimensional velocity testing was conducted to determine the flow
characteristics at this location. Ammonia tests were conducted at a location
downstream of the primary inlet location.

. Flue gas exiting the FFDC was sampled at the eight available test ports on the
outlet duct. This sampling location met EPA Method 1 criteria for minimum
distances from flow disturbances. A total of 40 points were sampled for
isokinetic tests. There were no accessible ports on the stack. Ammonia tests
were conducted downstream of the primary outlet sampling location.

. Bottom ash sluicing was performed at the beginning, middle and end of each test
day, immediately following sootblowing. Bottom ash was sluiced from the
bottom ash hopper into the ash pit and then to a holding pond. Grab samples
were collected from the ash pit during the midday and evening sluicing
operations. Phase I samples were composited daily for analysis, and Phase II
samples were analyzed separately to correspond with flue gas emissions tests.
Sluice water blank samples were collected in conjunction with bottom ash samples
for blank correction of bottom ash results.

° Flyash was removed from the FFDC hoppers to the ash storage silo at the
beginning, middle and end of each test day immediately following FFDC bag
cleaning. Grab samples were collected from each of the 12 FFDC hoppers and
combined during the midday and evening ash removal. Phase I samples were

PRELIMINARY DO NOT CITE OR QUOTE




SITE DESCRIPTION 10 SECTION 2.0
EFRIE-12102/R153E763.T

composited daily for analysis, and Phase II samples were analyzed separately to
correspond with flue gas emissions tests.

The procedures for collection, preparation and analysis of samples are discussed in
Appendix A. Table 2-2 presents an overview of the types of analyses performed on these
streams.

2.5 PROCESS OPERATION DURING TESTING

This FCEM test program was conducted in two phases. Both phases were performed
after the LNB/OFA retrofit. Phase I tests were performed without operation of the urea
injection system. During Phase II, tests were conducted both with and without operation of the
urea injection system. Tests performed during Phases I and I were conducted at an average
load of 104 MW with a range of 102-106 MW, which is 89% of the maximum rated load of 117
MW. The exceptions were the cyanide tests conducted during Phase II urea injection when the
load was 115 MW, or 98% of the maximum rated load. A 32.5% solution was used for urea
injection. The Phase II urea injection rate was 1.04 gpm for the first day of testing and 1.07
gpm for the second day of testing. Appendix E summarizes unit operating data for Phases I and
. : '
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SECTION 3.0

RESULTS

This section summarizes the data collected at Site 115. Because the focus of this report
is on exhaust gas emissions, only coal characterization data and gas stream data are presented
here in detail. Sampling, preparation and analytical methods are summarized in Appendix A.
Detailed data can be found in Appendices B and C. Baseline test results are presented in
Section 3.3. Urea injection test results are presented in Section 3.4. Baseline ammonia tests
were performed to establish baseline levels of ammonia in the exhaust gas, and the results are
not used to calculate emissions. Results for these tests are located in Appendix C. Chromium
and mercury speciation test results are presented in Section 4.0.

3.1 SAMPLING SCHEDULE

Phase I baseline testing at Site 115 was conducted in November 1992, and Phase II
baseline and urea injection testing was conducted in March 1993, Figure 3-1 presents the
sampling schedule for Phase I baseline testing. Figure 3-2 presents the sampling schedule for
Phase II urea injection tests and Figure 3-3 presents the sampling schedule for Phase II baseline
tests. Test numbers have been assigned sequentially and all tests conducted simultaneously have
the same number. Additional designators indicate the sample train type and sampling location.

Seven types of sampling trains were used to collect flue gas samples from the FFDC inlet
and outlet ducts during Phase I testing. These trains were: multi-metals trains, semi-volatile
organics trains, particulate/anions/radionuclides trains, tedlar bag samples for benzene and
toluene, formaldehyde trains, cyanide trains and ammonia trains. Radionuclides were only
measured at the FFDC outlet. For Phase II urea injection testing, only emissions of species
which could potentially be impacted by urea injection were sampled. The trains used included:
multi-metals, particulate/anions, cyanide and ammonia trains. Sample trains used for Phase II
baseline testing included tedlar bag samples for benzene and toluene, chromium speciation trains
and mercury speciation trains.

Each multi-metals, particulate/anions/radionuclides, and semi-volatile organic sample
required a simuitaneous full traverse of the inlet and outlet ducts. Cyanide tests were conducted
isokinetically at the midpoint of each of four ports on the FFDC inlet duct, and simultaneously
at a single point at the FFDC outlet. Benzene/toluene and formaldehyde samples were collected
non-isokinetically at four points at the inlet and a single point at the outlet.

Phase I baseline ammonia samples were collected non-isokinetically at the midpoint of
each of six ports located fifteen feet downstream of the primary inlet sample location. Ammonia
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samples were not collected at the FFDC outlet during Phase I. Phase II urea injection ammonia
samples were collected non-isokinetically at the midpoint of each of four ports located 50 feet
downstream from the primary inlet sample location, and at a single point 20 feet downstream
from the primary outlet sample location.

Phase II baseline hexavalent and total chromium tests were performed at a single point
at the FFDC inlet using the EPA recirculation train. Chromium speciation tests were not
performed at the FFDC outlet because outlet particulate levels were too low to allow accurate
assessment of the Cr**/Cr,,, ratio.

Phase II baseline mercury speciation tests were performed simultaneously at the FFDC
inlet and outlet using the Nick Bloom/Brooks Rand solid sorbent method, which speciates
oxidized mercury (Hg(Il)) and elemental mercury (Hg(0)) by collection on KCl/sodalime and
iodated carbon cartridges. Coal and flyash samples collected during exhaust gas mercury
speciation tests were also analyzed for total mercury by Nick Bloom.

3.2 DATA TREATMENT

Several conventions were developed for treating the test data and developing average
concentrations of substances in the coal and flue gas streams. The conventions used in this
report are consistent with the PISCES FCEM data treatment procedures.

3.2.1 Blank Corrections

The individual run measurements were corrected for the reagent blank analysis when it
was available and when it is allowed by the reference method. If a reagent blank was not
analyzed or was considered nonrepresentative, the measurement was corrected for a laboratory
blank. The laboratory blank is not exposed to field conditions and contains only the chemicals
needed for analysis so it is expected to be lower than a reagent blank. Generally, field blank
analyses are used to provide information on sample collection conditions but not to correct the
results. When the blank correction is equal to or greater than 50% of the uncorrected
measurement, the concentration is flagged with a "B". When the blank correction results in a
value less than the reporting limit, the concentration is presented as detected at the reporting
limit. Appendix H presents blank correction data, and an example of how blank correction
contribution is calculated.

3.2.2 Average Concentrations

The following criteria were used to average data from the individual runs.

] When all values are above the reporting limit, the mean arithmetic concentration
is calculated using the reported quantities.
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. For results that include values both above and below the reporting one-half of the
reporting limit is used for values below the reporting limit to calculate the mean.

For example:
Analytical Values Calculation Mean Value
10,12,ND(8) (10+12+[8/2])/3 8.7

By our convention, the calculated mean cannot be smaller that the largest
reporting limit value. In the following example, the calculated mean is 2.8. This
is less than the largest reporting limit, so the reported mean becomes ND(4).

Analytical Values Mean Value
5,ND(4), ND(3) ND(4)

. When all anatytical results are less then the reporting limit, the presented value
is the largest reporting limit value expressed as ND (the largest reporting limit

value).
3.2.3 mmati Itiple Train Fractions

Some sample trains, such as the anions, are analyzed in multiple fractions. If all
fractions were detected, the total emissions were reported as the sum of the measurements. If
all fractions were not detected, total emissions were reported as not detect, less than the sum of
the reporting limits of the fractions. If one or more, but not all fractions were not detected, the
total is reported as the sum of the detected values and one-half of the reporting limit for the non-
detected values.

3.2.4 Method Detection Limit and Reporting Limit

The method detection limit (MDL) is defined by 40 CFR 136, Appendix B - Definition
and Procedure for the Determination of the Method Detection Limit - Revision 1. It states,
"The method detection limit (MDL) is defined as the minimum concentration of a substance that
can be measured and reported with 99% confidence that the analyte concentration is greater than
zero and is determined from analysis of a sample in a given matrix containing the analyte." The
MDL is determined by seven replicate analyses of an analyte in a given matrix at one to five
times the estimated MDL. It is calculated as:

MDL = 3.143 S
where:
S is the standard deviation of the replicate analyses, and

3.143 is the student "t" value corresponding to seven replicates with n-1 degrees of
freedom at the 99% confidence level.
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Additional criteria are imposed by the procedure for calculating subsequent method
reporting limits. In practice, the method detection limit can be impacted by variability in
performing the analytical procedure, the sample matrix and the analyte concentration of the
sample. Because the method detection limit may not completely specify the confidence an
analytical laboratory has in reporting a result, a laboratory typically presents a reporting limit
or quantitation limit. The numerical difference between the method detection limit as defined
by the CFR and a laboratory’s reporting limit varies for different types of analyses and sample
matrices but generally varies from the MDL value to approximately three times greater than the
MDL. The values presented in this report are all based on individual laboratories’ stated
reporting limits. Both the detection limit and the reporting limit are indicated by "ND" in this
report.

3.2.5 Assignment of Bias and Uncertainty Estimates

In calculating uncertainties that are presented in this report, procedures were followed
that have been previously established for FCEM data treatment. This procedure involved
calculating an overall uncertainty for each result using standard statistical techniques and known
measurement biases. An error propagation analysis was performed on calculated results to
determine the contribution of process, sampling and analytical variability, and measurement bias,
to the overall uncertainty in the result.

Example calculations and bias and uncertainty estimates are presented in Appendix F.

3.3 BASELINE TEST SERIES

3.3.1 Coal

This section presents the analytical results for the coal samples collected during the Phase
I bascline test series. Complete results are presented in Appendix B for all samples.
Appendix A presents the analytical methodology. Table 3-1 presents fuel composition, metals,
radionuclides and anion precursor results for each of the three test days. Table 3-1 also presents
the mean value and the percent uncertainty in the results calculated at the 95% confidence
interval about the mean. The confidence interval is the range about the mean in which the true
mean lies within a given probability. For example, it is 95% certain that the true mean nickel
concentration in the coal is between 0.1 and 1.1 mg/kg. The confidence interval calculation is
discussed in Section 6.0.

Coal sample collection procedures did not completely follow ASTM standard methods.
Results for some target analytes may not be representative of the coal fired. Trace species
results would be most impacted by nonrepresentative sampling. Results for coal composition,
including sulfur, are likely to be unaffected and therefore representative.

Measurements of the analyte concentrations in coal reported here were made using what
Camot considered to be the most applicable method. The method chosen was an accepted
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analytical method for the sample matrix, had an acceptably low reporting limit and demonstrated
acceptable precision and accuracy. The measurement methods used are listed in Appendix A.

Methods for metals analysis of coal using inductively coupled plasma atomic emission
spectroscopy (ICP-AES) and atomic absorption techniques are well established and were used
for determination of most elements. ICP-AES was used for the determination of beryllium,
cadmium, chromium, cobalt, copper, manganese, molybdenum, nickel, phosphorus and
vanadium. Graphite furnace atomic absorption spectrophotometry (GFAAS) was used for the
determination of lead. Instrumental neutron activation analysis (INAA) was used for the
determination of arsenic, barium, mercury and selenium. INAA analysis results were used
primarily because INAA can achieve much lower reporting limits than conventional analysis.
In addition, INAA analysis involves few handling procedures and no wet chemical digestions.
This eliminates most analytical difficulties associated with contamination or volatilization of
some eclements.

Chlorine results by INAA were used instead of chlorine results obtained by ASTM D-
2361 because of the better precision and reporting limits for INAA results. Fluorine
concentrations were determined by ASTM D-3761 using an ion selective electrode. Sulfur
concentrations were measured using a LECO SC-132 sulfur analyzer. Carbon, hydrogen and
nitrogen measured with a LECO CHN/600 analyzer. The higher heating value of the fuel was
measured by ASTM D-1989 using calorimetry. The fuel ash and moisture content were
determined gravimetrically by ASTM D-5142. Radionuclides were measured by EPA Method

114 using alpha spectrometry.
3.3.2 FEDC Inlet Gas

Table 3-2 summarizes the concentration measurements made on the flue gas entering the
FFDC during the baseline test series. Additional data are presented in Appendix B.

Particulate and anions were collected in a combined sample train. Particulate was
analyzed from the front half (probe wash and filter) of this train. All sample train fractions were

analyzed for anions.

For metals resuits, the front half rinse, filter and nitric acid/hydrogen peroxide impinger
fractions were combined for analysis; therefore, the data represent the total (particulate plus
vapor phase) concentration in the FFDC inlet gas. The components of the train were combined
after digestion to lower the reporting limits. Mercury results were obtained by analyzing the
permanganate impinger solution, and an aliquot of the front half and nitric acid/hydrogen
peroxide fractions. These results were added together to provide the total mercury

concentration.

During benzene and toluene testing, extra tedlar bag samples were collected because of
leaks in some bags.
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For PAH, all fractions of the sampie train were extracted and combined for analysis to obtain
lower reporting limits. Only three compounds were detected, all at less than five times the
reporting limit.

For cyanide, the sample train was modified to include an in-stack filter. Since particulate
phase cyanide is not expected in exhaust gas, and since no cyanide was detected in the impinger
fraction of the sample train, the filter was not analyzed.

The total concentrations from each min were averaged according to the convention
outlined previously to obtain an overall mean concentration and the uncertainty at the 95%
confidence interval. The uncertainty in isokinetic tests includes a 19% bias because of the
difference between measured and calculated flow rates at this location. Appendix F contains
detailed descriptions of bias estimates and uncertainty calculations. Uncertainties are high for
barium and lead, but there were no major sampling problems to account for the high uncertainty.

3.3.3 FEFDC OQutlet Gas

Table 3-3 summarizes the concentrations of the species in the flue gas emitted from the
FFDC during the baseline test series. Sampling and analytical procedures were the same as for
the FFDC inlet samples with the addition of radionuclides, which were analyzed from the front
half of the particulate train. Radium-226 and radium-228 were the only radionuclides detected,
both at less than five times the reporting limit. Naphthalene and 2-methylinapthalene were the
oniy PAH compounds detected; both at less than five times the reporting limit.

Phase I inlet toluene results are 10 times higher at the FFDC outlet than at the inlet, and
tests were repeated during Phase II. Phase II toluene results are more similar between locations,
but are higher than for Phase I. The blank contribution to the toluene sample results is minimal
for Phase I, but 33% at the inlet and 59% at the outlet for Phase II. Benzene results are higher
for Phase II than for Phase I but are still low, and not significantly different between the FFDC
inlet and outlet. Phase I outlet results were used for emissions calculations.

The uncertainty in FFDC outlet isokinetic tests includes a 10% bias because of the
difference between measured and calculated flow rates at this location. High uncertainties for
arsenic and selenium are because of data scatter from low level ICP-hydride analysis results.
Uncertainty is high for nickel because the average is based on only two results.

3.3.4 Emission Factors

Table 3-4 presents the mean emission factors, expressed as Ib/10' Btu unless otherwise
noted, for the FFDC outlet during the baseline test series.

Mean particulate emissions at the FFDC outlet were 0.0019 1b/10° Btu. Chloride
emissions were 630 1b/10"? Btu. Fluoride emissions were 4,300 1b/10" Btu.
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TABLE 34

OUTLET GAS EMISSION FACTORS AT SITE 115
PHASE I: BASELINE
(Ib/10" Btu unless noted)

EPRIE-12102/R153E763.T

ubstance Mean 95% C.I.

Gas Flow, dscfm 250,900 5,400
Fue] Flow, Ib/hr (wet) 89,670 1,941
Heating Value, Btu/lb 12,565 163
Particulate, 1b/10* B 0.001% 0.0039
Metals
Arsenic 0.75F 1.37
Barium 1.1F 1.6
Beryllium ND{0.02) NC
Cadmium 0.12@ 0.24
Chromium 0.66 0.48
Cobalt ND{0.22) NC
Copper 1.1F 0.69
Lead 0.44@ 0.09
Manganese 1.0 1.2
Mercury ND(0.35) NC
Molybdenum 0.17F 0.03
Nickel 1.5@ 6.1
Phosphorus 6.7 1.3
Selenium 0.36 0.46
Vanadium 0.24@F 0.24
Anions
Chlonide 630 189
Fluoride 4,300 5,900
Volatile Organic Species
Benzene 2.6@ 2.2
Toluene 105 84
Formaldechyde 16.5F 19.7
Cyanide ND() NC
{continued)
Notes:
ND{ ) - Not Detected at reporting linmt.
NC - Not calculated
F - Ficld blank greater than 50% of average uncorrected sample measurements.
@ - Species detected at less than five times the reporting limit.
™ Nickel value excludes result for one replicate.
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TABLE 3-4 (continued)
OUTLET GAS EMISSION FACTORS AT SITE 115
PHASE 1: BASELINE
(1b/10" Btu unless noted)

Substance Mean 95 % C.l.

PAH:
Naphthalene 0.26@F 0.17
2-Methyinaphthalene 0.027@F 0.047

Radionuclides, uCi/10" Bt
Uranium-233 & -234 ND{20) NC
Uranium-235 ND(20) NC
Uranium-238 ND{20) NC
Radium-226 @ 6
Radium-228 295@ 101
Lead-210 ND(260) NC
Polonium-120 NDQR0) NC
Thorium-228 ND(119) NC
Thorium-230 ND(60} NC
Thorium-232 ND(20) NC

Notes:

ND - Not detected at reporting Limit

NC - Not caiculated

@ - Species detected at less than five times the reporting limit

F - Field blank is greater than 50% of the average uncorrected sample measurement
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Of the radionuclide target isotopes, only radium-226 and radium-228 were detected, both
at less than five times the reporting limit. Reagent blank levels are similar to sample levels for
both isotopes, however, it cannot be definitively stated that a low level of radium-226 and
radium-228 is not being emitted from the source. Their emission levels were 39 and 295
uCi/10'? Btu respectively.

Twelve of the fifteen targeted metals species were detected at the FFDC outlet during the
baseline test series. Beryllium, cobalt, and mercury were not detected in the range of 0.02 -
0.35 1b/10" Btu. The remaining metals were detected in the range of 0.12 to 6.7 1b/10" Buw.

Of the target PAH species, only naphthalene and 2-Methylnaphthalene were detected.
Their emission levels were 0.26 and 0.027, respectively. The levels are less than five times the
reporting limit for both compounds. In addition the naphthalene field blank level is
approximately 1.5 times the average sample level. The remaining PAH species were not
detected in the range of 0.007 - 0.14 1b/10" Bu.

Toluene had the highest emission factor of the volatile organic target species at 105
1b/10'? Btu. The benzene emission factor was 2.6 1b/10" Btu, which is less than 5 times the
reporting limit. The formaldehyde emission level was 16.5 1b/10" Btu. The formaldehyde field
blank level represents 92% of the average sample level.

Cyanide was not detected at an emission factor of less than 8 1b/10" Btu,

3.3.5 Baghousc Perfonmance

FFDC removal efficiency for particulate, metals, and anions is presented in Table 3-5.
Removal efficiencies were calculated from average FFDC inlet and outlet concentrations of the
element, expressed in 1b/10'? Bru. The FFDC had a particulate removal efficiency of 99.96%.
Removal efficiency for metals ranges from greater than 86.9% for mercury to greater than
99.95% for selenium. The relatively large uncertainty in removal efficiency for most target
species is because of sampling and analytical variability and does not represent the operation of
the FFDC. An example calculation of the removal efficiency confidence interval is located in

Section 6.0.

3.4 UREA INJECTION TEST SERIES

3.4.1 Coal

This section presents the analytical resuits for the coal samples taken during the Phase
II urea injection test series. Complete results are presented in Appendix B for all samples,
Appendix A presents the analytical methodology. Table 3-6 presents the fuel composition,
metals, and anion results for each of the three sampling days covering the four test runs.
Table 3-6 also presents the mean value and the percent uncertainty in the results calculated at
the 95% confidence interval about the mean. The confidence interval calculation is discussed

PREI.IMINARY DO NOT CITE OR QUOTE
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TABLE 3-5
SUMMARY OF FFDC REMOVAL EFFICIENCIES
SITE 115 - PHASE I: BASELINE

Substance Removal Efficiency (%) Uncertainty (as % Efficiency)
Total Particulate 99.96 17
Arsenic" 96.7 25
Barium® 99.5 68
Beryllium® >99.9 NC
Cadmium 94.8 17
Chromium 98.7 31
Cobalt@ >99.6 NC
Copper® 99.4 10
Lead 99.3 57
Manganese. 99.5 29
Mercury® >86.9 NC
Molybdenum® 98.4 32
Nickel 95.1 38
Phosphorus 98.4 15
Selenium 99.95 3
Vanadium® 99.8 30
Chloride 21 19
Fluoride 10 30

Notes:

NC - Not Calculated

M Field blank was greater than 50% of the average uncorrected sample measurement for FFDC outlet

samples. '

@ Beryllium, cobalt and mercury removal efficiency may be greater than the indicated value. These
clements were not detected at the FFDC outlet.

Calculation of removal efficiency confidence interval is presented in Section 6.
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in Section 6.0. Uncertainty is high for mercury, in part because results are from only two
replicates.

The sampling and analysis procedures used for samples collected during the urea injection
tests were the same as for baseline coal. The specific analysis techniques used for each target
species are described in Section 3.3.1. Radionuclides were not determined for the urea injection
test series. As mentioned in Section 3.3.1, the coal sampled may not have been representative
of the coal fired during testing. The measurement methods used are listed in Appendix A. A
comparison of baseline and urea injection test results is discussed in Section 3.4.6.

3.4.2 FFDC Inlet Gas

Table 3-7 summarizes the concentration measurements made on the flue gas entering the
FFDC during the urea injection test series. Additional data are presented in Appendix B.

Particulate and anions were collected in a combined sample train. Particulate was
analyzed from the front half (probe wash and filter) of this train. All sample fractions were
analyzed for anions.

As for baseline tests, multi-metals sample fractions were combined for analysis, and the
data represent the total (particulate plus vapor phase) metals concentrations in the FFDC inlet
gas.

For cyanide, the sample train was modified to include an in-stack filter. Since particulate
phase cyanide is not expected in exhaust gas, and since no cyanide was detected in the impinger
fraction of the sample train, the filter was not analyzed.

The total concentrations from each run were averaged according to the convention
outlined previously to obtain an overall mean concentration and the uncertainty at the 95%
confidence interval. The uncertainty in isokinetic tests involves a 18% bias because of the
difference between measured and calculated flow rates at this location. Appendix F contains
detailed descriptions of bias estimates and uncertainty calculations.

3.4.3 EEDC Outlet Gas

Table 3-8 summarizes the concentrations of the species in the flue gas emitted from the
FFDC during the urea injection test series. Sampling was conducted using the same sampling
trains as for FFDC inlet sampling. Copper results were not blank corrected because reagent
blank levels of copper were two to four times the average uncorrected sample level. Field and
reagent blank levels for barium are higher than sample levels. Reagent blank correction to lead
and nickel results for all three replicates and to molybdenum results for Runs 11 and 12 resulted
in values below the reporting limit. The reporting limit value was used as the sample result.
Uncertainties are high for barium, manganese and phosphorus. High manganese and phosphorus
uncertainty are due to a broad spread in sample results between runs.
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3.4.4 Emission Factors

Table 3-9 presents the mean emission factors, expressed as 1b/10'? Btu unless otherwise
noted, for the FFDC outlet during the urea injection test series.

Mean particulate emissions at the FFDC outlet were 0.0012 1b/10° Btu. Chloride
emissions were 720 1b/10" Btu. Fluoride emissions were 4800 1b/10'? Btu.

Eleven of the fifteen targeted metals species were detected at the FFDC outlet during the
urea injection test series. Of these, only barium, copper and phosphorus were detected at more
than five times the reporting limit. Field blank levels of barium, chromivm, molybdenum, lead
and copper are two to six times higher than the average uncorrected sample level. Beryllium,
cadmium, cobalt, and selenium were not detected in the range of 0.02 - 0.23 1b/10" Btu. The
remaining metals were detected in the range of 0.15 to 4.6 1b/10"2 Bu.

Cyanide was not detected with an emission factor of less than 9 1b/10*? Btu.

Ammonia emission levels were determined for two urea injection rates, 1.07 gpm during
runs 10 and 11, and 1.04 gpm during runs 12 and 13. Ammonia measurements were made
during runs 10, 12 and 13. The emission factors for the two urea injection rates were 4300 and
8900 1b/10'? Btu.

3.4.5 Baghouse Performance

FFDC removal efficiency for particulate matter, metals, and anions during the urea
injection test series is presented in Table 3-10. Removal efficiencies were calculated from
average FFDC inlet and outlet concentrations of the element, expressed in 1b/10'> Btu, The
FFDC had a particulate removal efficiency of 99.98% during Phase II urea injection. Removal
efficiency for metals ranged from 77.9 for mercury to 99.95% for phosphorus. An example
calculation is located in Section 6.0.

3.4.6

Only inorganic species for which concentrations might change were measured during the
urea injection phase. This included trace metals, anions and nitrogen compounds. Table 3-11
presents a comparison of fuel, FFDC inlet and FFDC outlet results for these inorganic species.

The difference in trace metals and anion precursor concentrations in coal between the
baseline and urea injection tests range from 5% to 132%. The elements with the largest
difference (>50%) between baseline and urea injection tests are beryllium, molybdenum and
selenium, all of which had higher levels during the urea injection tests. Nonrepresentative coal
sampling may have contributed to the variation in fuel metal concentrations; however, the results
may be indicative of the natural variation of trace metals concentrations in coal. The difference
in anion concentration in coal between baseline and urea injection tests was -3% for fluorine and

-46% for chlorine.
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TABLE 3-9
OUTLET GAS EMISSION FACTORS AT SITE 115
PHASE II: UREA INJECTION

EPRIE-12102/R153E763.T

@b/102 BTU UNLESS NOTED)

— -~ ]
Substance Mean 95% C.1.
Gas Flow, dscfm 257,400
Fuel Flow, lb/hr 92,918
Heating Value, Bru/lb . 12,638
Particulate, Ib/10F Bru 0.0012 0.0025

etals
Arsenic 0.15¢ 0.10
Barium 1.1F 2.8
Beryllium ND{.02) NC
Cadmium ND{0.07) NC
Chromium 0.30QF 0.19
Cobalt ND({0.23) NC
Copper 1.3F 0.61
Lead 0.40QF 0.05
Mangancse 0.89 2.82
Mercury 0412 0.59
Molybdenum 027@F 0.39
Nicke} 0.45QF 0.06
Phosphorus 4.6 9.7
Selenium NIDX{0.06) NC
Vanadium 0.29@F 0.12
Aniona
Chloride 20 210
Fluoride 4,800 20
Ammonia
Ammonia (Injection Rate F1) 4,300 NC
Ammonia (Injection Rate #2) 8,900
Cyanide
Cyanide ND(9) NC

Notes:

ND( ) - Not detected at the reporting limit

NC - Not Calculated

F - Ficld blank greater than 50% of average uncorrectad sample measurement
® . Species detected st Jess than five times the reporting limit

The ammonia injection rates were, #1: 1.07 gpm, #2: 1.04 gpm.

"The cyanide emissions factor was calculated using a hest rate flow rate of 273,375 dscfm. Flow rate measurements were made during

cyanide testing.
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TABLE 3-10
SUMMARY OF FFDC REMOVAL EFFICIENCIES

SITE 115 - PHASE II: UREA INJECTION
e ————— e

Substance Removal Efficiency (%) Uncertainty (as % Efficiency)
Total Particulate 99.98 54
Arsenic 98.8 38
Barium® 99.5 2
Beryllium® >99.8 NC
Cadmium® >98.2 NC
Chromium® 99.4 17
Cobalt™ >99.6 NC
Copper® 99.3 24
Lead® 99.1 50
Manganese 99.0 23
Mercury 77.9 52
Molybdenum™ 97.7 9
Nickel® 98.5 22
Phosphorus 99.95 14
Selenium™ >99.7 NC
Vanadium™ 99.8 15
Chloride 29.0 5
Fluoride 16.9

L ______________________________________ |
Notes:
NC - Not Calculated
™ Field blank was greater than 50% of the average uncorrected sample measurement for FFDC inlet samples.
@ Field blank was greater than 50% of the average uncorrected sample measurement for FFDC outlet samples.
™ Beryllium, cadmivm, cobalt and selemum removal efficiency may be greater than the indicated value. These
elements were not detected at the FFDC outlet.
Calculation of remoaval efficiency confidence intervals is presented in Section 6.

PRFLTMINARY DO NOT CITE OR QUOTE




RESULTS 39 SECTION 3.0
EPRIE-12102/R153E763.T

TABLE 3-11
COMPARISON OF TRACE INORGANIC SPECIES
BETWEEN PHASE I (BASELINE) AND PHASE II (UREA INJECTION)

SITE 115
)
Fuel Input FFDC Inlet FFDC Outlet
Parameter PHASE 1 PHASE I PHASE 1 PHASE II PHASE I PHASE L1
ib/10%Ba
Trace Metals
Arsenic 43 56 23 13 0.75 0.15
Barium 37,600 29,700 234 192 1.1 1.1
Beryllium 20 a8 9.0 15 ND({©.02) ND(.02)
Cadmium ND(4.5) ND{5.3) 2.3 2.0 012 ND@©.07)
Chromium 97 125 50 51 0.66 0.30
Cobalt 84 114 30 26 ND{©.22) ND@©.23)
Copper 241 324 169 206 1.1 1.3
Lead 185 195 64 46 0.44 0.40
Manganese k¥ 458 195 88 1.0 0.89
Mercury 1.9 1.7 1.3 1.9 ND{©.35) 0.41
Molybdeaum 9.0 4 n 12 0.17 027
Nickel 53 88 30 29 1.5 0.45
Selenium n 127 2 12 0.36 ND{0.06)
Phosphorus 36,700 27,700 14,300 9,300 6.7 4.6
Vanadium 266 I 135 120 024 029
Anicps
Chloride 2,000 1,400 790 1000 630 720
Fluoride 7,600 NR 4,800 5,800 4,300 4,800
itrogen Co nds
Cyanide NA NA ND(3) ND(12) ND(8) ND®)
Ammonia Rate #1/#2) NA NA ND(100) 10,000/13,000 NA 4,300/8,900

ND: Not detected at the repornting limit
NA: Not analyzed
NR: Not reported
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Changes in FFDC inlet concentrations generally do not correlate with changes in fuel
concentration. Inlet concentrations of arsenic, manganese and selenium were >50% lower
during urea injection. Other metals and anions generally were at similar levels during both test
conditions.

FFDC outlet concentrations of arsenic, chromium, nickel and selenjum were lower for
urea injection tests than for baseline tests by >50%. Levels for other metals and anions were
unchanged. Cyanide was not detected at the FFDC inlet or outlet for both phases. FFDC
removal efficiencies were similar for baseline and urea injection phases.
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SECTION 4.0

CHRO P, TI

This section presents the results of the chromium and mercury speciation tests performed
during Phase I (March 1993) at baseline conditions at Site 115.

4.1 CHROMIUM SPECIATION TESTS

Table 4-1 presents the results of the chromium speciation tests using the EPA
recirculation train. The tests were conducted to determine the fraction of total chromium
emissions that is hexavalent chromium. Triplicate tests were conducted at a single point at the
FFDC inlet. Tests were not conducted at the FFDC outlet because particulate emissions are too
low at the outlet to determine the Cr®*/Cr,,, ratio. The mechanical complexities of the
recirculation train precluded a full traverse, so actual hexavalent chromium emission rates could
not be measured. However, there are no data to suggest that the ratio of hexavalent to total
chromium varies across the sample plane; the measured fraction can b