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EPRI

Electric Power
Research Institute - Leadership in Science and Technology

December 22, 1993

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 Flant 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 112.
Site 112 consists of a residual oil-fired boiler with an electrostatic precipitator
(ESP). Site 112 re-injects the collected ESP ash into the furnace to improve
carbon burn-out.

The Site 112 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
(PAHs). 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 Site 112 sampling and analytical plan also included a mercury comparison
study. In general, Hg levels in fuel oil tend to be one to ftwo orders of
magnitude less than coal. The expected Hg concentration in flue gas is near or
below the detection limit using the conventional multi-metals train, thus Hg
can be difficult to accurately quantify - especially at oil-fired power plants.
Along with the multi-metals train, two developmental techniques were also
evaluated - the Nick Bloom/Frontier Geoscience's solid sorbent Hg speciation
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train and an activated carbon trap with analysis using INAA by Dr. Ilhan
Olmez of the Massachusetts Institue of Technology. Both of these alternative
methods are able to achieve lower detection limits, and therefore have the
potential to better quantify Hg emissions at oil-fired plants. The results of the
Hg evaluation study were inconclusive. All three methods obtained results
that appeared to be suspect. EPRI recommends that EPA consider the
experimental nature of these alternative techniques when using the Hg results.

Similar to the Group 1 FCEM sites, some sampling or analytical difficulties may
have occurred with the VOCs. While the QA /QC data appeared to be
acceptable, the measured VOCs at the ESP outlet were higher than at the ESP
inlet. EPRI is continuing to review the Site 112 data. As additional data from
other sites are collected and evaluated, EPRI may conduct verification tests at
this site. If this is done, the new data will be made available to the
Environmental Protection Agency (EPA).

The primary objective of this report is to transmit the preliminary results from
Site 112 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. In addition to the raw
data in the Appendix, the report provides an assessment of the trace metals
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 112 with the results from previous utility sites. Generic
conclusions and recommendations were not drawn concérning the .
effectiveness of the electrostatic precipitator as a potential control technology
for particulate phase trace metals; however, removal efficiencies were
calculated where possible. 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,

Paul Chu

Manager, Toxic Substances Characterization
Environment Division
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SECTION 1.0

INTRODUCTION

1.1 BACKGROUND AND OBJECTIVES

This report summarizes data gathered by Carnot at a power plant designated Site 112 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 operation of a tangentially fired boiler firing residual oil. Emissions
were controlled by an electrostatic precipitator. Sampling was conducted during July and August
1992.

Table 1-1 lists the substances of interest to the FCEM project. The target analyte list and
additional evaluation tests for chromium and mercury speciation were chosen for study at Site
112. Carnot conducted the testing and has prepared this report using the following procedures
to evaluate the data:

. 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.

Results are presented for each substance by individual run and as an averaged total. To

represent data variability, the 95% confidence interval about the mean is also presented. The
confidence interval incorporates the combined process, sampling, and analytical variabilities.
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TABLE 1-1
FCEM SUBSTANCES OF INTEREST
SITE 112

e

Elements Organic Compounds

Arsenic Benzene

Barium Toluene

Beryllium Formaldehyde

Cadmium Naphthalene

Chlorine (as chloride) Acenaphthylene

Chromium Acenaphthene

Cobalt Fluorene

Copper Phenanthrene

Fluorine (as fluoride) Anthracene

Lead Fluoranthene

Manganese Pyrene

Mercury - - - Benz(a)anthracene

Molybdenum Chrysene

Nickel Benzo(b)fiuoranthene

Phosphorus Benzo(k)fiuoranthene

Selenium Benzo(a)pyrene

Vanadium Indeno (1,2,3-cd)pyrene -
Dibenzo(a,h)anthracene
Benzo(g,b,i)perylene
2-Methylnaphthaiene
7,12-Dimethylbenz(a)anthracene

3-Methylcholanthrene
Additional Substances

Total and hexavalent chromium by the EPA recirculation method”

Hg(0), Hg(II) and methyl mercury by the Nick Bloom/Brooks Rand solid sorbent
methodology

Total mercury by MIT activated carbon cartridge/neutron activation methodology

* Determination of Hexavalent Chromium Emission from stationary sources, Method Manual for Compliance with
the BIF Reguistions EPA/530-SW-91-010.

PRELIMINARY DO NOT CITE OR QUOTE

B e EEEE—————




INTRODUCTION 3 SECTION 1.0
: EPRI1E-10106/R01 6_C374.T

1.2 SAMPLING AND ANALYSIS PROTOCOL

The sampling and analysis protocol for Site 112 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
exceptions:

. Benzene and toluene samples were collected in tedlar bags according to California
Air Resources Board (CARB) methodology rather than using VOST sampling.

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

. 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)

. Fuel oil samples were analyzed for metals by INAA where possible and by 1CP-
AES analysis to complete the analysis of target metal species.

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 112 indicate that the sample results are well
characterized. An evaluation of the accuracy, precision, and uncertainty 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 data quality can be found in Section 5.0.

Standard QA/QC checks for this type of sampling program involve the use of: 1)
duplicate field samples and lab analyses, matrix spike and lab control duplicates and replicate
tests to determine precision; 2) matrix spikes, surrogate spikes, and laboratory control samples
to determine accuracy; and 3) field blanks, trip blanks, 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 from Site 112. Some QA/QC checks do not
apply to some types of analyses, for example, surrogate spikes do not apply to metals and anion
analysis. The absence of any of these "standard" quality control checks from the Site 112 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.

PRELIMINARY DO NOT CITE OR QUOTE
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1.4 DATA QUALITY

The available QA/QC results were compared to the data quality objectives presented 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 shows that the data quality objectives were met
with the following exceptions:

. The benzene and toluene values at the ESP inlet are lower than the outlet values.
This indicates a concern for a possible sampling problem.

. Formaldehyde concentrations may be biased high. An accurate assessment of the
overall method blank level could not be determined. Both field and trip bianks
had formaldehyde levels similar to the samples. This method allows field blank
levels to be subtracted from the result, but because the levels were high, the
lower reagent blank level was used for blank corrections.

. Chromium concentrations measured in the ESP outlet gas with the multimetals
train were contaminated by the teflon-coated stainless steel in-stack filter holder.
Total chromium measurements from the EPA chromium recirculation train were
substituted. The ESP iniet gas samples were not contaminated because a giass
filter holder was used.

. There are concems with the mercury concentrations measured at the ESP inlet
and outlet using the multimetals drain. The reporting limit achieved was higher
than needed to quantify mercury in all sample fractions. Mercury concentrations
of the ESP inlet and outlet gas collected and measured by techniques that are
under evaluation provide alternate mercury values. The values obtained have the
advantage that they are below the detection limit of the reference method, but less
quality assurance information is available. Both alternate methods are
developmental; this was their first evaluation at an oil fired site.

° Manganese concentrations in the ESP outlet gas may be biased high. Manganese
concentrations at the ESP inlet and outlet are similar. It is likely that the ESP
outlet concentrations are biased high because ESP removal of manganese should
be similar to other particulate metals. It is possible that a small amount of
manganese from the potassium permanganate impinger may have contaminated
the other impingers. High field blank levels relative to the sample values support
this conclusion.

. Molybdenum concentrations at the ESP outlet may be biased high. There were
high field blank levels relative to sample values.

PRELIMINARY DO NOT CITE OR QUOTE




INTRODUCTION 5 SECTION 1.0
’ EPRLE-10i06/R016C374.T

1.5 REPORT ORGANIZATION

Section 2.0 of this report briefly describes the plant, the electrostatic precipitator, and
the sample locations. Section 3.0 discusses the results of the chemical analysis of the oil and
flue gas streams. 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 DESC ON

This section presents a description of the test site, designated Site 112, and the sampling
locations at this site.

2.1 FACILITY INFORMATION

Testing was performed at Site 112 which began operation in 1968. The unit is a
tangentially-fired Combustion Engineering (CE) boiler with a maximum rated capacity of 387--
MW-gross. This balanced draft unit was originally designed to burn coal, but currently fires
a 1% sulfur résidual fuel oil.’ It was retrofitted with dual Buel /ENVIROTECH wire-and-plate
electrostatic precipitators in 1978. The unit operates under a particulate limit of 0.1 Ib/MMBtu.
Char from the ESP honpers is reinjected helow the bottom row of burners. The configuration
of the unit is summarized in Table 2-1. Figure 2-1 presents a process flow diagram of Site 112.

2.2 PARTICULATE CONTROL

Site 112 uses dual electrostatic precipitators for particulate control. Two ducts distribute
the flue gas evenly to the north and south electrostatic precipitators. Each ESP has eight fields
and a collection area of 206,640 ft* for a specific collection area.of 189 ft*/1,000 acfm. The _
particulate matter collected in the ESP hoppers is reinjected into the furnace to bumn any
femaining carbon.

2.3  ASH REMOVAL FACILITIES

Fumnace hopper ash (bottom ash) consists of the larger and heavier ash that settles in the
furnace hoppers. This ash in the fumace hoppers is manually removed on a weekly basis. It
is ultimately disposed of in a landfill.

Some fly ash that is trapped in the ESP hoppers is sluiced on an as needed basis to clear
pluggage. The fly ash sluice is treated and dewatered at the waste water treatment plant. City
water is used for sluicing. A rear pass (superheater, reheater and economizer) ash sluice is also
conducted as needed. The rear pass ash is sluiced with city water and treated at the waste water
treatment plant.

PRELIMINARY DO NOT CITE OR QUOTE
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TABLE 2-1
SITE 112 CONFIGURATION

EPRIE-10106/R016C374.T

Maximum Gross Electrical Output (MW):
Particulate Emission Limits (1b/10° Btu):

Air Pollution Control:

Boiler Type:

Fuel Qil Additive:

Fuel Type:

Fuel Sulfur Content: (%)®
Fuel Ash Content: (%)®

Fuel Heating Value: (Btu/ib)®
Furnace Hopper Ash Disposal:
Fly Ash Disposal: ®

Fly Ash Siuice Water Source:
Rear Pass Ash Disposal®:
Rear Pass Ash Sluice Water:
Cooling Water System;
Cooling Water Source:

387

0.10

Electrostatic Precipitators
Tangentially-fired
Magnesium Oxide Slurry
Residual Oil

0.85

0.03

18,580

Landfill

Wastewater Treatment Plant
City Water

Wastewater Treatment Plant
City Water

Single Pass

Sea Water

®) Average values measured during sampling

® Not sampled
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2.4 SAMPLING LOCATIONS

Samples were collected at the four sampling locations identifited in Figure 2-1. Fuel oil
was the only feed stream sampled. One internal stream, the inlet gas to the ESP, was sampled.
Two discharge streams were sampled: the ESP outlet exhaust gas and the furnace hopper ash.

In February 1992, sampling of a partial boiler wash was conducted. These results are
located in Appendix B and are used for mass balance purposes.

A brief description of each sampling location follows:

. Fuel oil samples were collected by plant personnel three times a day during flue
gas emissions sampling. These samples were composited for analysis to
correspond with flue gas emissions tests. The fuel oil samples that were collected
did not contain the magnesium oxide slurry. The magnesium oxide additive was
analyzed for trace metals, however, the contribution was not significant. These
results are presented in Appendix B.

o Flue gas entering the electrostatic precipitators was sampled at the twelve
available tests ports on the two ESP inlet ducts. Six vertical ports were available
per duct. A total of 84 points were sampled for each isokinetic test. A
horizontal port was installed on the ESP inlet location to allow use of the
hexavalent chromium recirculation train.

. Flue gas exiting the electrostatic precipitator was sampled at the eight available
test ports on the two ESP outlet ducts. Four ports were available per duct. A
total of 88 points were sampled for isokinetic tests. There were no accessible
ports on the stack. The ESP outlet ports are positioned at an angle so a
horizontal port was installed for hexavalent chromium sampling with the EPA
recirculation train.

. Furnace hopper ash was dumped from the furnace hoppers into a bin four times
for the test program. The furnace hoppers were dumped once before the start
of the program, once after metals tests were performed, once after the chromium
and mercury speciation tests were performed, and once after the retest for Semi-
Volatile organic species. Grab samples from various depths in the bin were
removed and composited. The furnace hopper ash dumped before the start of the
test program was not used for any calculations or analyses in this program.

. A partial boiler wash was sampled prior to this test program. The boiler wash
sampling consisted of three phases (1) a soda ash wash, (2) a water wash, and (3)
the furnace hopper ash. In addition, composite fuel oil samples and magnesium
oxide samples were collected and analyzed. The areas downstream of the
economizer could not be sampled. These areas include the air preheaters, duct
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work to the precipitators, the precipitators, the ID fans, the breaching to the stack
and the stack,

The procedures for collecting, pretreating, and analyzing the 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

Tests were conducted at nominal full load, with the exception of Test 7 (one of the
mercury speciation tests), which was conducted at 50% load due to one ID fan being out of
service.

Average load during testing was 365 MW gross, with a range of 355 to 374 MW.
Maximum achievable load was limited throughout the program due to ID fan capacity limits.
With this limitation, the average load was 94% of the rated capacity of 387 MW.

During the tests, the fuel and air systems were operated in manual control which is
normal operation for this unit. The ID fans were operated at maximum capacity, and the FD
fans were controlled to maintain a safe negative furnace pressure value. Excess oxygen values
(measured by boiler instrumentation on a wet basis at the economizer exit) averaged 2.0% for
the north duct and 1.8% for the south duct. Flue gas recirculation fans and auxiliary burper air
dampers were adjusted by boiler operators to achieve target steam temperatures, and tended to
vary from day to day.

ESP operation was documented daily. Power levels (no power factor assumed) averaged
136 kVA for the north ESP and 77 kV A for the south ESP. One to four of sixteen ESP sections
were out of service for each test.

Appendix E contains process operation data.
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SECTION 3.0

RESULTS

This section summarizes the data collected at Site 112. Because the focus of this report
is on exhaust gas emissions, only oil 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.

3.1 SAMPLING SCHEDULE
Sampling at Site 112 was performed in July and August 1992.

Figures 3-1 and 3-2 present the sampling schedule for the first two weeks of testing
witch includes iesting for the FCEM tests and the chromium and mercury speciation tests.
Figure 3-3 presents the sampling schedule for the semi-volatile tests that were repeated in the
third week. Test numbers have been assigned sequentially and all tests §'conducted smu]taneously
have the same number. Additional designators }ndlmte the sample train type and samplmg

~

locauon// = T, “*—-.,\ /

~Five types of sampling trains were used to collect flue gas samples for the FCEM species
of interest from the north and south sides of the ESP inlet and ESP outlet ducts. These trains
were multimetals trains, semi-volatile ‘organics trains, particulate/anion-trains, tedlar bag- --
samples for benzene and toluene, and formaldehyde trains. Each multimetals, semi-volatile, and

'particulate/anion sample required a full traverse of both the north and south ducts. Particulate

samples were collected by EPA Method 17 (in stack filter) at the ESP outlet location, and by

. EPA Method 5 at the ESP inlet location. Formaldehyde samples and tedlar bag samples for

benzene and toluene were collected at a single point. ESP inlet sampling and ESP outlet
sampling were conducted simuitaneously for all trains. Semi-volatile trains were run in July -
1992, but had to be repeated in August 1992 because of a laboratory error which brought the

samples to dryness during extraction and destroyed the samples.

For the total and hexavalent chromium tests the EPA recirculation train was run
simultaneously at a single point at the ESP inlet and ESP outlet. For the mercury tests, three
trains were run simultaneously at a single ESP outlet point: 1) the Nick Bloom/Brooks Rand
solid sorbent method that speciates Hg(II), methyl mercury and elemental mercury by collection -
on KCV/soda lime and iodated carbon cartridges, 2) MIT’s activated carbon cartridge method, . -
and 3) a multimetals train that was analyzed specifically for mercury. The results of/ two
mercury tests (Runs 5 and 6) by actlvated carbon collection were invalidated by MIF- Because

— -—-—:J"'
P

e e TR ET
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of difficulties keeping the carbon packed projnerly during sampling.

A composite sample of fuel oil collected during the mercury tests was also analyzed for
total mercury by Brooks Round, by MIT, and by a contract laboratory using CVAAS.

3.2 DATA TREATMENT

Several conventions were developed for treating the test data and developing average
concentrations of substances in the oil and flue gas streams. The conventions used in this report
are consistent with the 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 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 the blank correction
contribution is calculated.

3.2.2 Avemage Concentrations
'I'he following criteria were used to avera;ge data from the individual runs.

. When all values are above the reporting limit, the mean arithmetic concentration
is calculated using the reported quantities.

o For results that include values both above and below the reporting limit, 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).
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Analytical Values ' Mean Value
5,ND(4), ND(3) ND(4)

J When all analytical results are less than the reporting limit, the presented value
is the largest reporting limit value expressed as ND (the largest reporting limit
value).

3.2.3 Summation of Multipte 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 §
where:
§ 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.

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
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MDL. The values presented in this report are all based on individual laboratories’ stated
reporting limits.

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.

33 OIL

This section presents the analytical results for the oil samples. Complete results are
presented in Appendix B for all samples. Appendix A presents the analytical methodology.
Table 3-1 presents the fuel metals results from the composited oil samples corresponding to the
multimetals train sampling times (Runs 1, 2 and 3), chlorine resuits (Runs i, 2 and 3), and
fluorine, sulfur, and fuel composition results (Runs 1 and 2). Table 3-1 also presents the mean
value and the 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 beryllium concentration in the
oil is between 0.043 and 0.077 ug/g. The confidence interval calculation is discussed in
Section 6.0.

Measurements of the analyte concentrations in fuel oil reported here were made using
what Carnot considered to be the most applicable method. The method chosen was an accepted
analytical method for the sample matrix, had an acceptably low reporting limit and demonstrated
acceptable precision and accuracy.

Instrumental neutron activation analysis (INAA) was used for the determination of
arsenic, barium, chromium, cobalt, manganese, mercury, molybdenum, selenium, vanadium and
chlorine. Inductively coupled plasma atomic emission spectroscopy (ICP-AES) was used for the
determination of beryllium, cadmium, copper, lead, nickel and phosphorus. INAA analysis was
used where possible because the results exhibit good precision and low reporting limits for most
elements. Additionally INAA analysis involves few handling procedures and no wet chemical
digestions. This eliminates most analytical difficulties associated with contamination or
volatilization of some elements. Appendix G contains an analysis of NIST fuel oil standard
1634B by INAA and ICP-AES, GFAAS or CVAAS. Arsenic, mercury and selenium were
quantitated more accurately by INAA because of INAA’s lower reporting limit. Chlorine results
by INAA were used instead of chlorine results obtained by ASTM D-808 because of the better
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precision exhibited by INAA analysis.

Fluorine concentrations were measured using an ion selective electrode. Sulfur
concentrations were measured by LECO SC-132. Carbon, hydrogen and nitrogen were
measured with a LECO CHN/600 analyzer. The higher heating value of the fuel was measured
by calorimetry by ASTM D-240-87. The fuel ash content was measured gravimetrically by
using ASTM D-482.

3.4 ESPINLET GAS

Table 3-2 summarizes the concentration measurements made on flue gas entering the
clectrostatic precipitators. Additional data are presented in Appendix B. For the metals results,
the probe and nozzle rinse, filter, and nitric acid/hydrogen peroxide impinger catch were all
combined before analysis; therefore, the data represent the total (particulate plus vapor phase)
concentration in the ESP 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 from the front half and nitric acid/hydrogen peroxide impinger
solution. These results were added together to provide the total mercury concentration. Anion
results represent the sum of analyses of each sample train portion.

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 14% bias because of the non-
axial flow at this location. Appendix F contains detailed descriptions of bias estimates and
uncertainty calculations.

3.5 ESP OUTLET GAS

Table 3-3 summarizes the concentrations of the species in the flue gas emitted from the
electrostatic precipitators.

The analytical procedure for the multimetals trains was modified by combining the
particulate and vapor phases for analysis as described previously for the ESP inlet gas.

Emission results that need further explanation because of sampling or blank level
problems include manganese, molybdenum, nickel and chromium. It is possible that small
amounts of manganese from the potassium permanganate impinger in the multi metals train
contaminated the acid impingers of the train on some samples. ESP removal efficiency for
manganese was poor compared to other similar particulate phase metals, and field blank
manganese levels were high, Molybdenum concentrations may be biased high also because field
blank levels are high relative to sample values. Chromium concentrations were obtained using
the EPA recirculation train because the multi metals train results appear contaminated from the

PRELIMINARY DO NOT CITE OR QUOTE




SECTION 3.0
EPR1E-10106/R016C374.T

21

RESULTS

-wisjqozd Bupdues spqiesod v Supeotpur ‘(4-¢ 91GUL) S9NIVA TAINO S UIL JOMO] A1V SINEA UL GUSN|C} PUN ouszUaq O] ©
*B189) WV WO § PUU T SUNY 10J 91w MO):f

*¢1 x1pueddy u) paupEcD SI¥ SUONTNO[N) "10E) J PUY ORI JFIY JUN WIOL PRRMIJE 18] MO w

-7 uny Bupnp paunopad aie 57 puv ‘gz ‘v suny

(panunueD) *1 uny Supnp powsopred q puv DI ‘4l ‘VI suny
‘onjua opduus [PUFLO 91 JO %05 2 UM UONIO0D JUR|q 91 81 se5edipul
Wewnisaw o(dwes paj2eaI0oun eBIeAr o) JO %06 UNL) 191813 UR|q PPRY = o
iy Suiodas oy SN SAY UL #¥a] 39 PRI R0dS @
PAISNI|ED jorl - IN
ot Supzodal oip 1w paiewp jou mixeds - ()N
0t 059 oTv 0£s 0101 spuonid
00¢1 17433 (174:F4 OLEE 08LE 9pLOID
.Ezhun ‘Juonty
1141 olel 06¢1 0s€l ozl WIPSUvA
ON (oe)aN ceaN (9aN  ('DaN wnueg
(44 6Iv Lo oot 06 sroydsoyq
oTe oovl obt1 06¢l OLEl RIIN
Sy 6Ll 6'81 98l 9l wnuspghjop
T oL €07 $6'T z Ao
$oT Ll Tu £s1 oL osaususly
s 309 ol'¥ os'9 o0'6 Pl
161 rie g'sh 0'te t'Ee 1ddoy
'8 LAY 8'3r I'se 6Ly 1vq00
6 ot ¢l 06 8'6 wniuesyy
wo Lso £5°0 ot 0 Ao wnnupsy
¥l e L'e OE 9T winljjAseg
96t 6'LT Vil (44 $0T wnueg
¥s 19 ol’8 ol9 of'E ULy
AN/ S
o d€85T dZ€T 897 097 opdysp|vuriog
acuny a4z uny young
TEl 9ot s'¢l 6Ll £91 g'te @PUInIoL
»o B8L°0 (Zs'0) AN ol8°0 otl’l ol80 @PURIUY
(T aiung 3T uny g7 ung Y1 unyg JAuN/B ‘DOA
SE €01 e L'96 ¥in (WN/Buws ‘Buipeo] apspnamaeg
QUNSGNG
000°091‘1  000°LIZ'T  000'1ST' 000°6ZE‘'T  000'0¥T'1  000'TULZ'Y Ty N
009'ZEL 00%'89L 001°L7L  ODT'6E8 00¢'€8L 005'€08 wgosp
'O Mol wewang p
TO %56 U 11 uny 0l uny 6uny € uny zuny I uny

i

ZIT LIS LV VLVd NOLLISOdJWOD SVD LA'INI 453

7t '14VL

DO NOT CITE OR QUOTE

PRELIMINARY




SECTION 3.0
EPR1E-10106/R016C374.T

22

RESULTS

1

' xipuaddy Ul auw UERL IR

PUR $183) []¥ 10} BN WL MO PIJIBIA(] SRS |FUOHIPPY 10J F19) BIPNIOXD JNQ SILISH A¥Rg oI} J0j s ||¥ sepn[dul 9iwd Mo} 893 Joj AuiEHasun puv UNly
-g xipuaddy Uy parsy) 018 pararep 100 v1em 1 ¥apeds REim HVd 0] NNISY AR IS GIF PIIIAP BIom I $3100d8 HY] Ao

' yjuzg Suipodar o SN 9AY UL E29] )8 PeaRp sol0ads @

_ s Suodas o ¥ paiesep Jou sa10ads - (JAN

i|1|

PN

1900 L70'0 o0t0'0 o7E0°0 @iooan | suspeydeui AT
600 o 980'0 orI0 65370 suAIfIURIsY]
£10°0 6100 o100 #110°0 oP20°0 sussony
L80°0 850 0850 #0850 o650 suapsyiydeN
_ N/ ‘HYd
saunsqng
000°L61°1 000'051°1 000'191°1 000'680'1 YN
006'SE 00L'SSL 00T'9tL DOE'EEL 005'L89 uyoRp
. 98y MOL] WeAE 1)
T'D %56 U #1 unyg €1 uny ZI unyg

1 0

ZI1 ALIS LV VLVA NOLLISOdZINOD SV LATINI dSA
(panunuod) 7-¢ ATAVL

DO NOT CITE OR QUOTE

PRELIMINARY




SECTION 3.0

EPRI1E-10106/R016C374.T

23

RESULTS

‘¥189) (WIS WOy £ PUV T sUNy 10§ 9ju) MO[]

‘@ ¥ipuaddy Ul pounUOD 910 SUCHEINOINY "1030U) o PUB 18I 1821 MUN WO PARNIEI 81 MO[
+z unyf Buunp psuucpad v HZ puv ‘gz VT suny

*7 uny Suunp pausopiad ae g pue D1 ‘g VI suny

-Justtalnggew ojdues pajaaLiosun 9FRIFAR O JO % 0§ URYL 19188 Yus(q pRId = d

‘PRNINaED 10U - DN

-onpea opdwss [FUIBUO JO g5 FRM UORIIIICD U] I WY s)RdIpUl g

nn w::._cmo._ U} EILUL SAL} UYL 53] IV PP nu..oo._‘m °

iy Suniodas exp mo]aq 99 UCHBAUIILOD O JoT sNealpul { JAN

‘wopuaaucs Fuppodas WO 94 Jo UOHBLIEA U $1 BIY], "UOHENUIILOA LI AT 9BINI|EI 0) pasn  uny o) peytodal anjeA O} JO JIRGILD

‘(g puv 9 ‘¢ surd) §153) Vonwn[vAe poaws Supnp pausoped sijnsad UL HONUINAIIAL WATOIYD WNo WOl )

#10°1 009 £57 L6¥ 150'1 epuon] g
T50'€ 659'F Li¥'s 85T's W' uv_s o
JuN/8r ‘SUoNTY
6¥F 13 143 (41| £8E WAPTURA
ON  (Z9aN @ZOaN @9aN @9aN wnudjeg
06 9] #L1 #01 61 sruoydsoyd
$T8 86€ ¥95 191 89F 19XIN
69 d8°L 401 'S 'L wnupqAlop
I€°0 1€°0 @GroaN vk ®sT0 @AIndel
TS5 dZ'61 897 '€ 8L ssauvBusy
[ dv'E olE o0'E ol'¥ vy
$6 a8 83l [ 06 1addosy
981 62l 9'81 St 9'¢] Ll e
LS [ X4 Ty '€ s'L @RI
Tl o o81'C of1'0 960 waRupey
ol LLo 801 0E0 wo wnljjAreg
95T LEl Lpl 0t ¥§T wnueg
ON Z'e)aAN @oaN (oaN (©aN SURBIY
aEZ\ma N
g 'l Hot8'L epAyep|sunio]
s d4¢°L1 JTun a7 uny vouny
901 701 692 P ZA! £81 ausnjo
801 wE 21$'L ITf 06°¢ alb'T QuIzuIg
U arvny  Jrung grung Vjung JUN/3T ‘D0A
69 o€ €5 Yy 907 QUN/3w ‘Buipvo] awndred
QuUTIgng
000°01Z°1  000'161°1 000°#0T1  000'STT'T 006'70Z'1 0OI'bST'l 000'1L1'T  000'€E0Z'l 000°LOT'Y YN
000'F9L  O00T'TSL  O00L'09L 000'PLL  OOR‘6SL 000'6ZL  O09'6EL  0O0B'6SL  OOP'T9L uposp
‘Y a0lg WEINg s8D
0 uny uny un o uny un unyg 7 unw un

ZIT LIS LV VLVd NOLLISOdNOD SVD LA'LLNO dSd
€€ A'TIVL

DO NOT CITE OR QUOTE

PRELIMINARY




SECTION 3.0
EPRIE-10106/R016C374.T

24

RESULTS

"5189)
uonErdeds £IndJaw puw § UNY WO $IIWI MOY) PNJOX Ing “(p]-g PUV - suny) sjqm sip ul jreserd wep [|v opnaul 9wl mop) 838 o Joj HuiFIoun pue URIRN
g xpuaddy ul eav gap0ads 198un Iy d Jo 18] 13jdwoo 9y Joj NNIIY " £[U0 §3123d8 PARIRP oY) sav pajudsaad mnsel Hyd WYL

yuip Suuodas e sswR Ay UL IE3] 1B pAIdalep sAcadg @

{RON

$00'0 610°0 810 8100 ol _ suapsgdeulAQe -7
600°0 920'0 ot W00 #5300 © 000 . QUAIRTILY]
oo LT'0 650°0 oL00'0 ok 100 ' etazon|q
or'o wo o0 1A oS¥'0 - euajeqiydeN

QuN/37 ‘HYd

. eduvlIgne
000°661°1 0000021 000°:0T°1 000°r61°1 : HWN
00£°€1 00Z'L5L 008'L5L 006'65L 001'¥SL wyasp

oy Mol weals svp
TO %86 uwpy ¥l uny gl uny AR

<11 ALIS LV VLVA NOILISOdINOD SVD 1LATLNO0 dSH3
(panupuod) ¢-¢ ATAVL

DO NOT CITE OR QUOTE

PRELIMINARY




RESULTS 25 SECTION 3.0
EPRI1E:10106/R016C374.T

Teflon-coated stainless steel in-stack filter holder. The nickel values may also be contaminated
by this same problem. In comparison, the inlet multi metals train used a standard borosilicate
glass filter holder. Therefore, the inlet chromium and nickel results were not subject to the
same potential contamination problems. More detail on these sampling and analytical problems
is presented in Section 5.

Uncertainty calculations for this sample location are the same as described for the ESP
inlet location.

3.6 EMISSION FACTORS
Table 3-4 presents mean emission factors, expressed as 1b/10'? Bwu for the ESP outlet.

Mean particulate emissions at the ESP outlet were 0.0177 1b/10° Btu. Chloride
(3,590 1b/10" Btu) and fluoride (465 1b/10'? Btu) have the highest emission factors of the target
species. Among the metals, nickel, vanadium and phosphorus had the highest emission factors
at 303, 240 and 109 1b/10"? Btu, respectively. Emission factors for the other metals ranged from
0.24-14.6 1b/10" Btu.

Of the PAH target species, only naphthalene, fluorene, phenanthrene, and
2-methylnaphthalene were detected. Their emission levels ranged from 0.020-0.322 1b/10* Btu.
Other PAH species were not detected in the range of 0.011-0.175 1b/10* Btu.

Toluene had the highest emission value of the volatile organmic target species at
79.5 1b/10"* Btu. Benzene and formaldehyde emission levels were 2.4 and 13.4 1b/10" Btu,

respectively.

3.7 ESP PERFORMANCE

The removal efficiency of the ESP with respect to the target inorganic substances is
presented in Table 3-5. Removal efficiency was calculated from the average ESP inlet and outlet
concentrations of the element, expressed in Ib/10°2 Btu. The ESP had a particulate removal
efficiency of 77%. The most prevalent metals, nickel and vanadium, were removed by the ESP
at efficiencies similar to total particulate at 74% and 78%. These tests indicated a calculated
removal efficiency of 83% for mercury, however the calculated uncertainty is also high (46%
efficiency). The high level of uncentainty should be considered when interpreting these resuits.
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TABLE 3-4
ESP OUTLET GAS EMISSION FACTORS AT SITE 112
(Ib/10" Btu unless noted)

Substance Mean 95% C.I
Flow, dscfm®™® 757,200 13,300
0il Flow, Klb/hr® 177,000 7,000
Heating Value, Ba/lb 18,582 483
Particulate, 1b/10° B 0.0177 0.0053
Metals:
Arsenic ND{2.4) NC
Barium 10.5 19.6
Beryllium 0.58 0.78
Cadmium 033 0.90
Chromium®™ 3.7 43
Cohalt 2.8 14
Copper 6.4F 7.2
Lead 2.6F 1.1
Manganese® 7 14.6F 19.1
Mercury 0.24 024
Molybdenum® 5.9F 52
Nickel® 303 400
Phosphorus 109 69
Selenium ND.8) NC
- - Vapadium- - - - - - - - 240 _ _ - ... 30 _ . ___.__ __
Anions
Chloride 3,590 2410
Fluoride 465 791
Notes: {continued)

NI ) indicates that the conecntration is below the reporting Hmit

NC = not calculated

F = Ficld blank greater then 50% of the aversge uncorrected sample measurement

Confidence Interval cannot be calculated when a singie highest not detocted value is used

® Chromivm vali from the recirculation train.  This program represcnts the first application of the EPA. recirculation method to an oil-fired
unit. The chromium measurements from the multi-metals traing were contaminated. Chromium at the outlet using the multi-metals train
was nix times higher at the outlet thin the inlet. Contamination of the outlet train was determined as the cause from the Teflon coated
stainless steel filter holder. Inbet chromfum restits were not contxminuted because a glass filter bolder was used.

A Manganese, molybdenom and pickel emissions at the ESP outlct may be biased high.
@ The oil flow rate is from Runs 1-3, and 8-14 which coresponds W air szmpling for the basc FCEM program and exchades the zpeciation
testy.
- Mean for fluc gas flow ratz is calculated from all runs except Run 7 at 50% load.
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TABLE 3-4 (continued)
ESP OUTLET GAS EMISSION FACTORS AT SITE 112
(1b/10“ Btu unless noted)

Substance Mean 95% C.I
PANH:
Naphthalene 0322+ 0.077
Flucrene 0.020 0.053
Phenanthrene 0.020 0.007
2-Methylnaphthalene 0.015 0.004
Volatile Organic Species
Benzene 24 0.86
Toluene 9.5 82.7
Formaldehyde 13.4F 39.3

]
F = Ficld blank greater than 50% of the average uncorrected sample measurement,
+ Napthalene is a suspected degradation product of & common contaminant to the XAD-2 resin used in the
sampling train. Lsboratory and field blanks contain napthalene at 28% to 82% of the sample values.
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TABLE 3-§
SUMMARY OF ESP REMOVAL EFFICIENCIES AT SITE 112

P

Uncertainty
Substance Removal Efficiency, % (as % Efficiency)
Total Particulate 77 8
Arsenic® >53 NC
Barium 34 40
Beryllium 77 16
Cadmium 30 49
Chromium 57 18
Cobalt 75 10
Copper® . 79 18
Lead®® 53 21
Manganese™“ NC NC
Mercury 83 46
Molybdenum®-® 60 10
Nickel® = | 14 - | 9
Phosphorus 68 10
Selenium® NC NC
Vanadium 78 14
Chiloride® = - - - - --NC - e _NC___ .
Fluoride 5 a6
. |

Notes:

NC -  not calculated.

)] Field blank was greater than S0% of the average uncorrected sample measurement for ESP inlet samples.

2) Field blank was greater than 50% of the average uncorrected sample measurement for ESP outlet
samples.

3) Arsenic not detected at ESP outlet, removal efficiency may be greater than the indicated value.

@ Manganese detected at essentially the same level] at the ESP inlet and outlet. Manganese results were
14.5 1b/10" Bru at ESP inlet and 14.6 1b/10' at the ESP outlet. ESP outlet levels are likely to be biased
high based on high field blank results.

&) Selenium not detected at ESP inlet or outlet.

©6) Chloride results were 2513 15/10'2 Btu at the ESP inlet and 3593 1b/10' Btu at the ESP outlet. Removal
efficiency is reported as 0%.

4 Molybdenum levels at the ESP outlet may be biased high based on high ficld blank results.

(8) Nicke] levels at the ESP outlet may be biased high due to possible contamination from a Teflon-coated
stainless stee] filter holder.

Calculation of removal efficiency confidence interval (C.1.) presented in Section 6.
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SECTION 4.0

OTHER SPECIES DETECTED DURING METHOD EVAIUATION TESTS

This section presents the results of the chromium and mercury speciation tests performed
at Site 112.

4.1 CHROMIUM SPECIATION TESTS

Table 4-1 presents the results of the chromium speciation tests using the EPA
recirculation train. This test series was considered an evaluation of the methodology because
it was not known if the method was applicable to sources with high SO, emissions and low
chromium emissions. This program represents the first application of this method to an oil-fired
unit. The EPA methodology was modified to include periodic additions of potassium hydroxide
to maintain the pH above 8.5. Maintaining the pH above this level should prevent the
conversion of hexavalent chromium to the trivalent form.

Triplicate tests for hexavalent and total chromium were performed at the ESP inlet and
ESP outlet. An isotopically labelled chromium spike, *¥'Cr®*, was added to one run (run 8) to
assess conversion during sampling. The conversion rate of 'Cr®* to *!Cr®* was 4% on the inlet
sample, 55% on the outlet sample, and 2% on the field blank. There were no noted testing
problems to account for the difference in conversion between the inlet and outlet samples. The
conversion rate indicates that this methodology may be viable at this type of source with further
development. This methodology may be suitable for total chromium determination as well. At
the ESP inlet comparable results were obtained between the recirculation train and the
multimetals train: chromium emissions at the ESP inlet were 9.1 ug/Nm® using the recirculation
train and 10.4 ug/Nm® from the multimetals train. Comparison between the resuits of the
recirculation train and the multimetals train at the ESP outlet was not possible due to a sample
recovery error on the ESP outlet multimetals train.

The use of a SN potassium hydroxide (SN KOH) in the recirculation train presented
analytical difficulties. Total chromium results in the SN KOH fraction were substantially higher
than the hexavalent chromium results in the same fraction. According to the EPA methodology,
the KOH fraction is filtered shortly after sampling so the KOH-insoluble trivalent chromium
should be removed, and the extractable hexavalent chromium should remain in the solution. For
this program, the total chromium results in the KOH solution were considered invalid based on
previous experience with the ratio of total to hexavalent chromium in this fraction. Instead,
hexavalent chromium was considered a better indicator of total chromium in the KOH fraction.
Hexavalent chromium was used to calculate total chromium in the KOH fraction. The

PRELIMINARY DO NOT CITE OR QUOTE




OTHER SPECIES DETECTED . . . 30 _ SECTION 4.0
’ EPRIE-10106/R016C374.T

TABLE 4-1
ESP INLET AND OUTLET CONCENTRATIONS OF
TOTAL AND HEXAVALENT CHROMIUM
EPA RECIRCULATION TRAIN METHOD EVALUATION TESTS
SITE 112

Concentration, pug/Nm®

% Conversion*

Substance Run § Run 6 Run 8 Mean 95% C.I.  of 'Cr** 1o ¥'Cr**
ESP Injet

Total Chromium 93 8.8 9.3 9.1 1.5

Hexavalent Chromium 1.24 ND(0.46) ND(1.15) ND(1.15) NC 4

ESP Qutlet

Total Chromium 1.5 31 4.2 4.9 57

Hexavalent Chromium ND({0.48) ND(0.61) ND(1.07) ND(1.07) NC 55

|
* Run 8 only by radiochemical analysis
ND{ ) species not detected.
NC - not calculated.
Note: This represents the first application of the EPA recirculation train to zn oil-fired unit.
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substituted value was added to the total chromium values from the other fractions to obtain a
total chromium result for the whole train. The SN KOH reagent blank indicated high levels of
Cr®* relative to the samples, however this blank was considered non-representative of the
reagents used during this test series and was not subtracted from the sample values. Additional
QA information for the chromium speciation tests is presented in Section 5.4.7.

42 MERCURY SPECIATION TESTS

Mercury emissions were first sampled with a multimetals train during a full traverse of
the ESP inlet and outlet ducts, then again with a series of mercury speciation tests.

This test series measured ESP outlet mercury emissions data at a Single point using three
techniques:

1) A multimetals train that was analyzed specifically for mercury.

2) The Brooks Rand/Frontier Geosciences solid sorbent methodoiogy using KCl/soda
lime and iodated carbon traps for methyl mercury, mercury(ll), and elemental

mercury (Hg(0)).
3) The MIT activated carbon cartridge methodology for total mercury.

The Brooks Rand/Frontier Geosciences solid sorbent methodology and the MIT activated
carbon cartridge methodology are experimental techniques. This program represents the first
application of these techniques to an oil-fired unit. The Brooks Rand/Frontier Geosciences
method was chosen for its potential to speciate mercury as methyl mercury, Hg(Il) and Hg(0).
The MIT method was chosen because of the low reporting limits afforded by INAA analysis.

In addition, a composite fuel oil sample was analyzed by Frontier Geosciences using
CVAFS, by MIT using INAA and by a contract laboratory using CVAAS. Table 4-2 presents
the results of the flue gas tests and the associated fuel analyses. Mercury concentration data
from earlier multimetals tests at the ESP inlet and outlet, and fuel analyses are included for
comparison. Mass balance data is included for reference.

Runs 5 and 6 of the MIT activated carbon method were invalidated by MIT due to
sampling problems. Because this was an initial set up of the equipment, the carbon cartridges
for these two runs became less tightly packed than was required for adequate absorption of
mercury. The average total mercury concentration for the remaining two tests was 1.85
pg/Nm’.

Mercury(Il) and methyl mercury (species such as CH;HgCl) concentrations were
determined by dissolving the KCl-impregnated traps in an acetic acid/HC] mixture, followed by
aqueous ethylation, separation by gas chromatography, and detection by CVAFS. Mercury(iI)
was detected as diethyl mercury and methyl mercury as methyl ethyl mercury. Subsequent
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investigation by Fontier Geosciences has revealed that the method produces invalid results for
methyl mercury; therefore, methyl mercury results are not reported in this report. Frontier
Geosciences discovered that there is a reaction among acetate, sulfite, and Hg(Il) that occurs
during dissolution of the soda lime traps. This reaction has been shown to produce methyl
mercury. Therefore the methyl mercury that was detected can be attributed in whole or in part
to the Hg(II) collected in the KCl/soda lime traps. This report combines the results for methyl
mercury and Hg(II) as a sum, termed oxidized mercury. The Brooks Rand/Frontier Geosciences
method showed mean values for oxidized mercury and elemental mercury at 0.022 pg/Nm; and
ND(0.021) pg/Nm’, respectively.

The mean total mercury concentration shown by the simultaneous multimetals method
was 0.47 ug/Nm®. Mercury analysis by CVAAS has 2 higher reporting limit than INAA or
CVAFS analysis.

The composite fuel sample results for total mercury were as follows:

MIT/INAA - 0.015 pg/g
Frontier Geosciences/CVAFS - 0.0009 ug/g
CVAAS - ND(0.02) ug/g

Due to the high reporting limits, CVAAS was not suitable for the determination of
mercury in fue] oil. The results obtained from INAA and CVAFS analyses do not appear
comparable to each other, yet both techniques offer a lJower reporting limit than the conventional
CVAAS procedure. The procedures for determining mercury in fuel oil by INAA and CVAFS
are currently under development and are being evaluated by EPRI.

Data for mercury concentrations determined from the full traverse multi-metals tests
(Runs 1,2,3) and the fuel collected during these tests is presented in Table 4-2 for comparison.

Table 4-3 presents a mass balance for the mercury speciation results and for the results
of the full traverse muitimetals tests. These mass balances were constructed with the fuel as the
input stream and the flue gas at the ESP outlet as the only output stream. Other output streams
were insignificant in the calculation of the mercury mass balance.

Additional mercury concentration data from Runs 1, 2 and 3 (from a full traverse) and
the fuel collected during these tests is presented for comparison.

PRELIMINARY DO NOT CITE OR QUOTE




SECTION 4.0
EPRI1E-10106/R016C374.T

34

OTHER SPECIES DETECIED . . .

_ -pazh|uue sem 9jdwes
auo £juo 9SNE33q PIUMILIAIAP 2q 10U pNod NeAPuE |10 [any G U} AQUINEIdUR Uy ElaL|Uus Jio [any S1) Ul ARINHIAOUN UE SPAJSL] JOU Op EILUIRLIIUN I5IY |
-(L*9*s suny) weaFosd o Ul J9)E] PRISTIPUOD 1AM §159) UOLNIdde

Kanosaw ayy (g7°5 suny) pouad sup Suunp pajasj|on o [ang S PUR 1IN0 JST AW 18 51893 S[VIBWHINL AEDNALY WOL SUOCIIILS ay) puasardal Bep 95 L

4]

1}
oY

5 e

! (£'7')1 sumy)
hm mﬁ vﬂ.c Nm.o _:_unm.—._z\-_uaosm::_z

2ouR|eg s

[~ 4 LET 6’1 180 3nd LiN/smumniy “wig
£ 14 ar'o 18°0 1and Wm0 dsg N
s €9 00 800 304 puvy 930019/13InO 45T pUTY syocig
ARIOLD) % NSO G WO ds3 1o _T....— sis3 ] uonsioadg Aandsapy
“Kurepsou (Pryapn0) ”
duEg nig ,,01/9] ‘001284 uossIg afviaay

et e e SO
71T ALIS
SLINSIT AONVTIVE SSVIN AUNDHIN
¢y ATIAVL

DO NOT CITE ORQUOTE

PRELIMINARY




35
EPR1E-10106/R016C374.T

SECTION 5.0

DATA EVALUATION

Several procedures can be used to evaluate the information developed during a field
sampling program. In the case of Site 112, three methods were used to evaluate data quality.
First, the process data were examined to determine if the unit operated at normal, steady-state
conditions during the sampling periods. Second, the QA/QC protocol for sampling and
analytical procedures used at Site 112 (i.e. equipment calibration and leak checks, duplicates,
blanks, spikes, standards, etc.) was evaluated. Site 112 QA/QC data were compared with
FCEM project objectives. Data quality was evaluated using QA/QC measurements that assess
bias, accuracy and precision, such as blank measurement, matrix spike recoveries, surrogate
recoveries, replicate runs and laboratory control duplicates. Third, material balances were
calculated around the boiler/ESP system. Material balances involve the summation and
comparison of mass flow rates in several streams often sampled and analyzed by different
methods. Closure within an acceptable range can be used as an indicator of accurate results for
streams that contribute significantly to the overall inlet or outlet mass rates, such as the fuel oil
and ESP outlet streams.

5.1 PROCESS OPERATION

Process operating data were examined to ensure that operation was stable during sampling
periods. Measurements were available from control room instrumentation. Process operating
data was collected at least two times a day except for July 23, when process data was collected
once. Table 5-1 shows the key unit operating parameters and conditions. The coefficient of
variation (CV) was calculated for each parameter to evaluate process variability over the three
week test program.

Steady boiler operation was observed during the test program as indicated by the low
CVs for the load, fuel flow and economizer exit oxygen levels. A graphical summary of load,
fuel flow, economizer exit oxygen levels and ESP power levels is presented in Appendix E. The
unit operated between 92 and 96% of full load. The maximum achievable load was limited by
ID fan capacity limits. A mercury evaluation test (Run 7) was conducted at half load. ESP
performance was normal, although the number of operating sections and ESP power levels
fluctuated from day to day. Between one and four of sixteen ESP sections were out of service
for each test. South side ESP power levels were lower than north side ESP power levels..

PRELIMINARY DO NOT CITE OR QUOTE




SECTION 5.0
EPRI1E-10106/R016C374.T

36

DATA EVALUATION

W S{qU[IeAY JOU YN

“usaw g Aq v&:.:v UORUIASDP PIUpums A1 §1 {AD) Uonwimea Jo Juaidgjaod ay],

-puo] uaald v Jo aFesn [org paoadhie woy ¢ ¢F ARIsus? 51 JusWAINEEIW a_.Em [Py w1 Hpquuey  vogwuswnnsul weid woy moy [any

g x1puaddy uy pourmuos 81 MA@ “(MIN L8I) P¥O] % DS 3# PIIONPUOD 183) UORUNTEA? AINOISW © sem £ 1831, *A[UO 9 183, WOk Z6/TZ/L 30} wivd
| "POWINSER OOV Jamod ou PpIm paINofEd JST 30 VAY »e

*30IAI98 JO N0 FEM JFeWw Krowdo jonp qrou — g-1 €89, Joj U0 1oNp pNos Joj oI sFutpuas Arowdy .
|

SIN 8 Jo)
- LiL Lit LiL LIt BIL 8/L - 9/9 8/9 L9 9/8 S01AN98
ur suon33s dsd "ON
BET L - [<3 LS £L 6L - €01 i ¥01 €L Ppnog
%€l 9€] - 9z1 I3 191 o¥1 - erl E:¥A vl 6El QoN
W VAT ‘Tomod gsg
*3au
% ST S L L 9 L 4 1 4 9 [+ ¥ ¥ unu-g 19 ‘Apedy
: (1xo sImuouoad)
FIURS'L BT OUST FILT  TUSOO LUST SUTT U6 FUET ST YUIT 9INT S/N % 0
0
%9°g 00G°'LL1  00°99F  00D'A91  000°091 O000'SLT 000°Z61 000°T8I VN ¥N 000'781  000°081 Iy/q] “mofy [eng
%T'€ 'z 0T Lzt LET 9T T 34 sve L't o' ' Aq] 01 ‘Mo weng
%S°1 $9¢ ILE pLE $SE $9€ 09¢ L9E $9¢ 99¢ 99¢ 79t s5053 MmN ‘peo] wuf)
AD Bl  Z6/9/8  T6/S/8 T6/bI8  TOIVTIL  TOIEUL TGRTUL  TONTUL  TOIUL  TEILLL  TGIVIL e

'

(A4 RCAAE |
NOLLVYAddO LINQ 40 AAVIINNS
1§ TT4V.L

DO NOT CITE OR QUOTE

PRELIMINARY




DATA EVALUATION 37 | SECTION 5.0
' EPRIE-10106/R016C374.T

5.2 SAMPLE COLLECTION

Several factors indicate the acceptable collection of gas samples. Key components of the
sampling equipment -- pitot tubes, thermocouples, dry gas meters, and sampling nozzles were
calibrated before use in the field. Dry gas meter calibrations were checked at the end of
sampling. These and additional periodic equipment calibrations are on file at Carnot. The
methods used to collect metals, particulate/anions and PAH samples were comparable to those
used at other FCEM sites. The sampling runs were well documented, and these flue gas samples
were collected at rates between 90 and 100% isokinetic. Typical flue gas conditions were 6-8 %
oxygen, 9 to 11% moisture, 330 to 350°F and flow rates of approximately 750,000 dscfm.
These values are typical for an oil-fired utility boiler of this size.

Sufficient data were collected using standard sampling and analysis methods to ensure
acceptable data completeness and the comparability of measurements. Major differences from
other FCEM program were that benzene and toluene samples were collected according to CARB
Method 410A in tedlar bags and formaldehyde samples were collected non-isokinetically
according to CARB Method 430 in midget impingers containing 2,4-dinitrophenylhydrazine.

Flue gas entering the electrostatic precipitators was sampled at the twelve available test
ports on the two ESP inlet ducts. Six vertical ports were available per duct. A total of 84
points were sampled for each isokinetic test. A horizontal port was installed on the ESP inlet
location to allow use of the hexavalent chromium recirculation train. This sampling location did
not meet EPA Method 1 requirements for minimum distances from flow disturbances. Three-
dimensional velocity testing indicated that the location did not meet EPA Method 1, Section 2.5
criteria of =20 degrees resultant angle and < 10 degrees standard deviation. The resultant angle
was 10.2 degrees which met EPA Method 1 criteria, but the standard deviation was 11.9
degrees. The high standard deviation at this location reflects the high level of flow velocity
stratification; twenty of eighty-four points did not have measurable velocity levels. Some
modifications were made to the sampling procedures because of duct obstructions or air in-
leakage into the duct. These are described in Appendix A.

Flue gas exiting the electrostatic precipitator was sampled at the eight available test ports
on the two ESP outlet ducts. Four ports were available per duct. A total of 88 points were
sampled for isokinetic tests. There were no accessible ports on the stack. The ESP outlet ports
are positioned at an angle, so a horizontal port was installed for hexavalent chromium sampling
with the EPA recirculation train. This sample location does not meet the EPA Method 1 criteria
for minimum distances from flow disturbances, but does meet the resultant angle and standard
deviation criteria. Three-dimensional velocity measurements indicated a resultant angle of 13.6
degrees with a standard deviation of 6.8 degrees. Some modifications were made to the
sampling procedures because of duct obstructions and to maintain the in-stack filter used at this
location at stack temperature.

There is a concem that there were sampling problems with benzene and toluene because
the ESP inlet levels were lower than the ESP outlet levels.
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Oil samples are considered to be representative of the oil fired during the flue gas
sampling. Each oil sample analyzed was a composite of oil samples collected to bracket flue

Sl gt i . A et o By
— —————— . - e

gas samphng pen(’ds.- . ‘-‘_f'.‘\“ P i \ "““\‘:“\

Calculated exhaust gas flow rates were used for this site. The flow rates for this site are
,Calculated from the unit heat rate and F-factor as:
-‘,'/ Flow rate (dscfm) = (Gross MW - 12 MW aux power) * 9,776 Bw/net kw-hr * |
‘ 9,000 dscf/10° Btu * 20.9/(20.9-%0,) * hr/60 min * 1,000 kw/MW '

) This calculation was used because both pitot measurements and calculations based on the |
:metered fuel flow rate were subject to higher levels of uncertainty than the average heat rate. '
'I’he average heat rate of 9,776 Btu/net-kw-hr is within 3-4% of the actual heat rate at full load.
The heat rate is calculated routinely at the facility from continuously monitored parameters. The !
average heat rate used for flow rate calculations was considered the current average value
calculated during the test program... __ o ___,,f

On average, the pitot traverse flow rate results were 13.7% higher than the heat rate
based flow rate results. This level of difference is typical for S-type traverses with flow angles
of 10 to 15 degrees, and provides an indicator that using the heat rate method was appmpn'ate
The phenomenon of positive biases in flow measurements obtained with S-type pitot tubes is
documented in the reference "Flow and Gas Sampling Manual" by TRW prepared for the
Industrial Environmental Research Lab in July 1976. According to this reference, S-type
measurements have exhibited a positive bias of up to 15%.

Details on sample collection are contained in Appendix A (sampling and analytical
summary). Process stream flow rates and conditions during testing are presented in
- Appendix D.. o

5.3 EVALUATION OF MEASUREMENT DATA QUALITY

An evaluation of the quality of the measurement data is based on quality control data
obtained experimentally during sampling and analysis. Generally, the type of quality control
information obtained that pertains to measurement precision, accuracy, and blank effects, is
determined using various types of replicate, spiked, and blank samples. The specific
characteristics evaluated depend on the type of quality control checks performed. For example,
blanks may be prepared at different stages in the sampling and analysis process to isolate the
source of a blank effect. Similarly, replicate samples may be generated at different stages to
isolate and measure sources of variability. The QA/QC measures commonly used as part of the
FCEM data assessment protocol, and the characteristic information obtained, are summarized
in Table 5-2. The absence of any of these types of quality control checks from the data reports
does not necessarily reflect poorly on the quality of the data, but does limit the ability to
measure the various components of measurement error.
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TABLE 5-2

TYPES OF QUALITY CONTROL SAMPLES - .
L

QC Activity

Characteristic Measured

Precision

Replicate samples collected over time under the same

conditions

Duplicate field samples collected simultanecusly

Duplicate analyses of a single sample
Matrix- or media-spiked duplicates

Laboratory control sample duplicates
Surrogate-spiked sample sets

Accuracy
Matrix-spiked samples

Media-spiked samples

Surrogate-spiked samples

Laboratory control standards (LCS)

Standard Reference Material

Blank Effects
Ficld Blank

Trip Blank

Method Blank

Reagent Blank or Field Reagent Blank

Total variability, including process or temporal, sampling
and analytical,

Sampling plus analytical variability at the actual sample
concentrations.

Analytical varisbility at the actual sample concentrations.
Sampling pius analytical variability at an established
concentration.

Amalytical variability in the absence of sample matrix
cffects

Analytical variability in the sample matrix but at an
established concentration.

Analyte recovery in the sample matrix, indicating
possible matrix interferences and other effects. In a
single sample, includes both random error (imprecision)
and systematic error (bias)

Same as matrix-spiked samples. Used where a matrix-
spiked sample is mot feasible, such as certain stack
sampling methods.

Analyte recovery in the sample matrix, to the extent that
the surrogate compoutis are chemically similar to the
compounds of interest. Primarily used as an indicator of
snalytical efficacy.

Analyte recovery in the absence of actual sample matrix
effects. Used as an indicator of analytical coatrol.
Anglyte recovery in a matrix similar to the actual
samples

Total sampling plus analytical blank effect, including

6 “Phng. q“il’mmdlmy mle “wtaﬂd
storage, and apalytical reagents and equipment.

Blank effects arising from sample transport and storage.,
Typically used only for volatile organic compound
analyses.

Blank effects inherent in analytical method, including
laboratory reagents and equipment.

Blank effects from reagents used during sampling and
analysis.
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As shown in the table, different QC checks provide different types of information
pertaining to the sources of inaccuracy, imprecision, or blank effects. As part of the FCEM
project, measurement precision and accuracy are typically estimated from QC indicators that
cover as much of the total sampling and analytical process as feasible. Precision and accuracy
measurements are based primarily on the actual sample matrix. The precision and accuracy
estimates obtained experimentally during the test programs are compared with data quality
objectives (DQOs) established for the FCEM project.

These DQOs are not intended to be used as validation criteria, but they can be used as
empirical estimates of the precision and accuracy that are expected from existing reference
measurement methods. Although analytical precision and accuracy are relatively easy to
quantify and control, sampling precision and accuracy are unique to each site and each sample
matrix. Data that do not meet these objectives are not necessarily unacceptable. Rather, the
intent is to document the precision and accuracy actually obtained; the objectives serve as
benchmarks for comparison. The effects of not meeting the objectives should be considered in
light of the intended use of the data.

5.4 ANALYTICAL QUALITY CONTROL RESULTS

Table 5-3 summarizes the types of quality control data reported for Site 112. The results
of these analyses are summarized in Appendices G and H. Table 5-4 presents a summary of
precision and accuracy measurements. Accuracy as used in this table reflects laboratory
recovery and does not reflect the accuracy of the sampling procedure.

Based on the quality control data evaluated, the majority of the results met the project
objectives. No accuracy data were evaluated for the following analyses:
| Brooks Rand and MIT mercury speciation tests
. Fuel composition and fluorine

Duplicate, spiked and laboratory standards are typically performed with these analyses

and there was no reason to conclude that the data reported were unacceptable. However, not
enough information was available to unequivocally validate the data.
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The following potential problems were highlighted by the quality control data:

o Formaldehyde results may be biased high because an accurate assessment of the
overall method blank level could not be determined. Because both field and trip
blanks had formaldehyde levels similar to the samples the more conservative
approach of correcting for the laboratory reagent blank was used.

J The sample matrix prevented accurate analysis of acenaphthylene and anthracene
in the ESP inlet samples and acenaphthylene, anthracene and benzo(a)pyrene in
the ESP outlet samples. Reported values can be interpreted as biased low or as
having a lower than normal reporting limit. In these cases where these PAH
could not be accurately quantitated, the deuterated standard recovery was
uniformly less than 20%, and the species were not detected in the samples.
"Recovery corrections,” that is adjusting the reported value based on low or high
surrogate recovery were not performed. In addition to the PAH species discussed
above, other internal standard recoveries were lower than acceptable (<50%) for
some tests. Results were recovery corrected in these cases. The overall
emissions values are not considered to be impacted by these isolated low recovery
results.

. Blank corrections to ESP inlet and outlet lead results are significant at 42% and
40%, respecnvely, of the original uncorrected value. The cause of high blank
levels were in the laboratory digestion step of the procedure.

. Napthalene is a suspected degradation product of a common contaminant to the
XAD-2 resin used in the PAH sampling train. (Thomson, R.D., Foster, M.G.,
. "Degradation of XAD-2 Resin in Dry Storage and Its Impact On PAH Analysis,"

AWMA 1991,) Laboratory and field blanks contain napthalene at 28% to 82%
of the sample values.

d Post digestion spike recoveries for metals are low on ESP outlet samples because
the spiking level was not sufficiently greater than the sample values. A spike that
is significantly higher than the sample value is needed to obtain meaningful
results. Spiked blanks and spiked inlet samples do not indicate an overall low
bias to the metals measurements or problems unique to the sample matrix.

. Metals that may have a low bias based on spike recoveries for ESP inlet and
outlet samples are lead and barium.

. Total chromium results in the SN KOH fraction of the chromium recirculation
train were substantially higher than the amount of hexavalent chromium measured
in this fraction and are considered invalid. According to the EPA methodology,
the KOH fraction is filtered shortly after sampling so the KOH-insoluble trivalent
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chromium should be removed, and the extractable hexavalent chromium should
remain in solution. There is not sufficient information to support the total
chromium values obtained in this sample fraction since spike analyses were
performed only for hexavalent chromium in this sample fraction. Analytical
difficulties with total chromium analysis in strongly caustic solutions are
suspected based on previous experience with the ratio of total to hexavalent
chromium in this sample fraction. For this test series, the hexavalent chromium
measurement was considered a better indicator of total chromium in this sample
fraction.

o Metals reported at significant concentrations in the field blank compared to the
ESP outlet samples were copper, lead, manganese and molybdenum.

. The accuracy of the INAA analysis for metals in fuel oil needed to be
determined. Fue! oil standard 1634b was analyzed by INAA and by conventional
techniques (ICP-AES, GFAAS or CVAAS). The results of the comparison are -
presented in Appendix G. In general, the INAA technique was reproducible and
accurate. INAA results were used where possible.

The following potential problems were determined by evaluation of the data with respect
to ESP performance and mass balance considerations:

. ESP inlet and outlet benzene and toluene measurements may be biased low.

. ESP outlet chromium measurement from the multimetals trains are biased high.
These data were not used. Total chromium results from the EPA recirculation
train provide a better chromium emissions estimate.

° ESP outlet manganese and molybdenum measurements from the multimetals trains
- may be biased high. Field blank levels of these species are similar to some
samples.

An additional concern in that the total amount of trace species contributed by the furnace
hopper ash and the boiler wash is more uncertain than the exhaust gas or fuel sample
measurements. As discussed previously, the furnace hopper ash flow rate was highly variable
and the boiler wash results are considered low because large amounts of the wash were not
sampled.

Definition of Quality Assurance Terms

Presented below is a general discussion of considerations to be used when evaluating data
and definitions of terms used to describe quality assurance indicators.
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Precision is a2 measure of the reproducibility of laboratory analyses of the same sample.
It is expressed in terms of distribution or scatter of the data, and traditionally calculated as the
standard deviation or coefficient of variation (CV, standard deviation divided by the mean). For
duplicate analysis, precision is expressed as the relative percent difference (RPD).

Accuracy is a measure of the degree of conformity of a value generated by a specific
procedure to the assumed or accepted true value; it includes both precision and bias. Bias is the
persistent positive or negative deviation of the method average value from the assumed or
accepted true value.

The efficacy of the analytical procedure for a given sample matrix is quantified by the
analysis of spiked samples containing target or indicator analytes or other quality assurance
measures, as necessary. However, all spikes, unless made to the flowing stream ahead of the
sampling, produce only estimates of recovery of the analyte through all of the measurement steps
occurring after the addition of the spike. A good spike recovery tells little about the true value
of ihe sampie Defore spiking.

Representativeness expresses the degree to which sampling data accurately and precisely
represent a characteristic of a population, parameter variations at a sampling point, or an
environmental condition. The representativeness criterion is based on making certain that
sampling locations are properly selected and that a sufficient number of samples are collected.

Comparability is a qualitative parameter expressing the confidence with which one data
set can be compared with another. Sampling data should be comparable with other measurement—
data for similar samples collected under similar conditions. This goal is achieved using standard
techniques to collect and analyze representative samples and by reporting analytical results in
appropriate units. Data sets can be compared with confidence when the precision and accuracy
are known.

Completeness is an expression of the number of valid measurements obtained compared
with the number planned for a giver study. The goal is to generate a sufficient amount of valid
data.

A discussion of the overall measurement precision, accuracy, and blank effects is
presented below for each measurement type. Complete QA/QC data is presented in
Appendix G. Appendix H presents analytical and blank correction data. Table H-12 contains
a summary of blank correction contributions to the sample values.
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5.4.1 Metals
Precision

The precision of metals analyses of flue gas samples can be estimated by the results of
duplicate laboratory analyses. The precision data on duplicate analyses of an outlet sample were
compared to the data quality objective (DQO) of 10% RPD. The only metal exceeding 10%
RPD was lead at 23% RPD. Arsenic and selenium were not detected so precision was not
calculated for these species.

Precision for flue gas metals was also calculated based on replicate runs. This measure
of precision should be more variable than duplicate analyses due to the added varability in
process operation and sampling. The precision data on replicate runs were compared to a typical
objective of 20% CV.

The metals results at the ESP outlet did not meet the 20% CV objective except for lead
at 17% CV. The coefficient of variation for all ESP outlet metals ranged from 17-110%. This
indicates that the outlet results were subject to greater variability than expected.

The range of CV values for ESP inlet metals was 3-64%. The following metals did not
meet the DQO for replicate runs: arsenic, barium, cadmium, lead, manganese and mercury.

Precision of fuel oil metal results analyses was calculated from laboratory duplicate
analyses and from the results of three oil samples. Metals anatyzed by ICP-AES (Be, Cd, Cu,
Pb, Ni, P) all met the precision objective of 10% RPD except for phosphorus at 29% RFPD.
Precision for metals analyzed by INAA was acceptable at <20% CV except cobalt and mercury.

Precision of metals analyses in ash samples is estimated from duplicate laboratory
analysis of one ash sample. Only cadmium, chromium and copper exceeded the 20% RPD
precision guideline.

In general, the precision data obtained for all metals analyses indicates that the laboratory
analyses were of acceptable quality. Some variability on the ESP outlet and inlet gas samples
may be due to blank effects as discussed below.

Accuracy

The accuracy of metals analyses in flue gas was estimated from spiked samples. A spike
recovery objective of 75-125 % is specified by the multi-metals method. One inlet and one outlet
sample was spiked after digestion and before analysis. Typically, if the recovery is not within
+ 25% of nominal, the laboratory attempted to analyze the sample using either an alternate
instrumental technique or by the method of standard additions (MSA).
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Spike recoveries for ESP outlet samples ranged from 41-114% recovery, excluding
barium that had 3% recovery. The spike recovery on ESP outlet samples was lower than
objectives, however, in this case low recovery does not indicate a potential low bias to the
analytical results. Low metals recoveries were caused by adding a low spike level of the analyte
to the samples. In many cases this low spike level was indistinguishable from the metal content
of the samples.

The spike recoveries of the ESP inlet samples are acceptable, except for barium (14 %)
and lead (21%). These samples were spiked at the correct level so accurate spike recovery
results could be generated. The ESP inlet samples are the same sample type as the ESP outlet
gas samples so it can be concluded that spike recoveries are acceptable for flue gas samples,
with only barium and lead results demonstrating analytical difficulties.

Additionally, a pre-digestion spike was added to a blank sample to demonstrate that there
were no gains or losses of metals in the analytical procedure. Pre-digestion spike recoveries
were acceptable for all metals except selenium (39%).

The accuracy of metals analysis in fuel oil was estimated from spiked samples for ICP-
AES analysis and from standard reference material NIST 1634b (metals in fuel oil) analysis for
INAA. The NIST 1634b has certified values for only a select number of metals. The ICP-AES
spike recoveries ranged from 80-i07%. Nickel was spiked at too low a lcvel to obtain
meaningful results. INAA results on NIST 1634b ranged from 78-125% for all metals except
mercury and barium. Mercury results were 0.0014 pug/g or 135% of the uncertified
recommended NIST value of ND<0.001 pg/g. Barium was 288% of the uncertified
recommended value, however, similar results were obtained by ICP-AES analysis for this
element.

The accuracy of metals in ash was not estimated in the sample matrix. Splked laboratory
‘method blanks were evaluated and were acéeptablé at90-113%; — —— — — ~— -~ - ——

Blank Effects

Field blank metals levels were greater than 50% of the uncorrected sample value for lead
in ESP inlet samples, and lead, copper, manganese and molybdenum in the ESP outlet samples.
Lead laboratory preparation blanks were at similar Ievels indicating a fairly uniform background
lead level for all samples. Manganese and molybdenum reagent blank levels were low relative
to sample values. Manganese and molybdenum results therefore appear to be biased high due
to field handling rather than laboratory preparation. Though not to the same degree, copper
results also indicate that the results were impacted by field rather than laboratory bandling. ESP
outlet chromium samples from the multimetals train were invalidated because of field
contamination from the in-stack filter holder. Other blank levels are not significant compared
to sample levels.
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Blank levels on laboratory blanks performed during the fuel analysis by ICP-AES and
CVAAS were below 20% of the sample value except for mercury. The blank correction to the
fuel mercury values by CVAAS was 69% of the original value.

Blank levels on laboratory blanks performed during the ash analysis by ICP-AES were
uniformly low and were not subtracted from the results.

Conclusions

Flue gas sample blank effects have the most impact on the interpretation of manganese
and molybdenum ESP outlet sample results. These results are considered to be biased high.
Other flue gas metals analyses are considered acceptable and within the variability of the
sampling and analytical methods.

5.4.2 Anions
Precision

ESP inlet and outlet samples indicated acceptable precision of < 15% RPD for chloride
and sulfate. Laboratory precision was not calculated for fluoride since it was not detected in
either replicate.

Replicate runs indicated acceptable precision of less than 20% CV for chloride and
sulfate. Fluoride did not meet the DQO at 68% CV for outlet samples and 48% CV for inlet
samples.

Precision in oil samples for chlorine and suifur were estimated from replicate runs. Both
anion precursors showed acceptable precision at 15% CV for chlorine and 2% CV for sulfur.
Fluorine was not detected in the fuel oil. Precision could not be calculated for anions in the ash
because chloride and fluoride were below the detection limit, and the sulfur result was from a
single analysis.

Accuracy

The accuracy of anion analyses in ESP inlet and outlet samples was estimated from
spiked samples. The anion train involved three matrices: solids extracted with water, a sodium
bicarbonate/sodium carbonate impinger solution and a 3% peroxide solution. A spiked sample
analysis was performed for each anion. Recovery results were: chloride 64-98%, fluoride 94-
137%, sulfate 96-124%. Although some values are out of the range of 80-120% set as the
objective, there were no apparent analytical difficulties. Not meeting the QA/QC objective did
not invalidate the results.

Accuracy for sulfur in fuel was estimated from replicate laboratory control samples. The
average recovery was 100.2%. Accuracy estimates for other anion precursors in fuel were not
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reported, however, laboratory check samples are routinely verified during these analyses. The
furnace hopper ash sample was spiked and the recovery was 109% for chloride and 65% for
fluoride.

Blank Effects

No blank effects were noted for exhaust gas, fuel or ash samples. Blank values were
below the detection limit for all sample matrices.

Conclusion

It should be noted that although there are no apparent analytical difficulties, chloride
concentrations in the ESP inlet and outlet exhaust gas are approximately two times higher than
is possible from the chlorine content of the fuel.

5.4.3 Polycyclic Aromatic Hydrocarbons
Precision

Four PAH species were detected in the ESP inlet and outlet gas (naphthalene, fluorene,
phenanthrene and 2-methylnaphthalene). A DQO of 50% RPD was set for PAH sampies
because of the high relative uncertainties in the analysis of extremely trace species. Measured
laboratory precision of matrix spike duplicates met the 50% DQO for both fluorene and
phenanthrene. A matrix spike for 2-methylnapthalene was not performed. Matrix spike
duplicate analysis results for Napthalene were not available.

The measured precision for replicate runs met the 50% DQO except for 2-
_methylnapthalene at the ESP inlet at 60% CV and fluorene at the ESP outlet at 107% CV.

Precision for PAH species for the ash sample was obtained by a duplicate analysis of the
sample. Six PAH species were detected in the ash: fluorene, phenanthrene, anthracene,
fluoranthene, pyrene and 2-methylnaphthalene. Precision on the duplicate analysis of these
species was 0-50% RPD.

Additional precision data for PAH analysis can be derived from evaluation of duplicate
matrix spikes and duplicate analysis of standards. Matrix spikes for PAH are spiked resin media
spiked with native and deuterated PAH species and not spiked samples. These samples also
demonstrated acceptable precision.

Accuracy
The accuracy of the PAH analyses is assesséd by the recovery of labelled surrogate

compounds added to each sample before extraction. Acceptable recovery of the surrogate is 50-
150%. The recovery for all detected PAH species was acceptable, ranging from 52-93%. As
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discussed previously, surrogate recoveries were low for three PAH species that were not
detected: acenaphthylene, anthracene, and benzo(a)pyrene. Recoveries of these species in field
blanks and laboratory matrix blanks show no pattern of analysis problems. The low recoveries
for these PAH species indicate that these species may not be accurately quantified in some of
the samples. The field spikes added before sampling were all acceptable and ranged from 63-
81% recovery. PAH surrogate recovery from ash samples was acceptable.

Blank Effects

Laboratory and field blanks contain naphthalene at 28% to 82% of the sample values.
Naphthalene is a suspected degradation product of a common contaminant to the XAD-2 resin
used in the sampling train. Typically all samples using this resin are biased high; however, it
is difficult to evaluate the extent of the high bias. Field blank levels of phenanthrene were
approximately 15% of the sample values. No other laboratory or field related blank levels were
noted.

Conclusion

PAH analysis is acceptable, except for analysis of acenaphthylene, anthracene and
benzo(a)pyrene, however, no estimate of measurement bias can be concluded from these results.

5.4.4 Formaldehyde
Precision

Duplicate analyses of ESP inlet and ESP outlet formaldehyde samples indicated
acceptable precision at less than 10% RPD.

ESP outlet replicate runs had precision of 118% CV, which failed to meet the 20% CV
objective. The outlet test results were highly variable at 3.44, 7.82, and 41.1 ug/Nm®. ESP
inlet replicate runs had acceptable precision at 8% CV.

Accurac

Accuracy was estimated from field spikes. A field spike is a formaldehyde spiked vial
of DNPH solution that is connected to the sampling equipment, leak checked and recovered.
It is therefore exposed to the ambient air and field conditions in a similar manner to the sample.
Spike recovery was 160% at the outlet and 208% at the inlet. These recoveries exceed the
method specification of 60-140% recovery. Recovery from a trip spike (spiked DNPH vial that
is never opened) was 118%. There is a high bias to all spike results.
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Blank Effects

Formaldehyde field blank levels were at the same concentration or higher than sample
values. Field blanks are collected in the same manner as described for the field spikes. Because
there was no consistent and traceable contribution of formaldehyde, these blank levels were not
subtracted from the results. Laboratory reagent blank levels were low and were subtracted from
the results. The average blank correction from the laboratory reagent blank was 30% on inlet
samples and 46% on outlet samples.

Conclusion

Formaldehyde samples are considered to be biased high because: (1) spike recovery and
field blank levels are uniformly higher than expected and (2) the ESP outlet gas samples were
variable with one run that was seven times higher than the average of the remaining two runs.

5.4.5 Benzene and Toluene
Precision

Duplicate analyses of benzene indicated acceptable precision for ESP inlet samples at
2% RPD. ESP outlet duplicates failed to meet the DQO with 43% RPD. The ESP outlet
samples were low (near reporting limit) ranging from 2.5 to 3.9 ug/Nm?, Toluene duplicate
analyses yielded acceptable precision at <20% RPD.

Precision of benzene measurements as assessed by replicate runs was 22% CV for ESP
outlet samples and 47% CV for ESP inlet samples. Replicate runs indicated precision for
toluene of 65% CV at the ESP outlet and 39% CV at the ESP inlet.

' Acoumey

Analytical accuracy for the benzene and toluene samples was estimated from a spiked
sample. After analysis a known volume of one outlet sample was spiked with a known volume
of a benzene and toluene standard gas. This spike was used to measure potential matrix effects
and assess the accuracy of the analysis. Recovery of benzene was 97% and recovery of toluene
was 101 %.

Blank Effects

Laboratory blank levels were below the detection limit for benzene and toluene analysis.
Field blank levels were not evaluated.
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Conclusions

The analysis of benzene at the ESP outlet appear accurate and consistent. ESP outlet
toluene values are highly variable. The benzene and toluene inlet results are Jower than the
outlet results, causing concern that there may have been a sampling problem.

5.4.6 Particulate
Precision

Measured precision for particulate samples was 7% RPDM for ESP outlet Samples and
9% RPDM for ESP inlet samples.

Accuracy

EPA Method 5 procedures for gravimetric analysis were used. These procedures
generally have laboratory accuracy of 95-105% and overall accuracy of 85%-115%.

Blank Effects
Acetone reagent blanks were subtracted from the front-half particulate catch of the

particulate tests. Blank correction contributions were not significant and averaged less than 1%
for the particulate tests.

Conclusion

Particulate tests met standard criteria for acceptability.

5.4.7 Method Evaluation Tests
Mercury Evaluation (Brooks Rand and MIT)
Precision

Both mercury evaluation techniques had measured precision for total mercury of
<20% CV for replicate runs. Methyl mercury measurements by the Brooks Rand methodology

had a calculated precision of 49% CV. It should be noted that methyl mercury was the only
mercury compound detected above the detection limit with the Brooks Rand train.

Accurac
No accuracy data was reported for the flue gas samples by Brooks Rand or MIT.

However, both laboratories routinely perform analyses of standard reference materials and spiked
samples.

PRELIMINARY DO NOT CITE ORQUOTE




DATA EVALUATION 60 SECTION 5.0
' EPR1E-10106/R016C374.T

Brooks Rand reported accuracy of the mercury concentration in fuel oil by the analysis
of a matrix spike. Recovery was calculated at 99.4%.

MIT determined accuracy of mercury in fuel oil by analyzing NIST Standard Reference
Material 1634b Recovery was calculated at 135%. The mercury value of SRM 1634b is an un-
certified informational value of <0.001 ug/g.

Blank Effects

Both Brooks Rand and MIT reported data that was blank corrected. Brooks Rand
performed multiple reagent blanks and proofed laboratory glassware as additional method blanks.
MIT performs a blank analysis on the lot of activated carbon used in the sample cartridge. The
blank correction is then calculated from the mass of carbon used in each test cartridge.

Chromi Evaluation T
Precision

Precision results were acceptable considering the developmental nature of this sampling
procedure. Precision for hexavalent chrominm was 42% CV for the ESP outlet samples and
37% CV for the ESP inlet samples. Precision for total chromium was 46% CV for the ESP
outlet samples and 3% CV for the ESP inlet sampies.

Accurac

Analytical accuracy for hexavalent chromium was estimated by analyzing samples spiked
in the laboratory and by analyzing a sample spiked in the field with an EPA audit sample.
Hexavalent chromium recovery of the laboratory spiked samples averaged 102%. Hexavalent

chromium recovery of the EPA audit sample was 117% on an inlet sample and 107% on an
outiet sample.

Analytical accuracy for total chromium analysis was estimated from spiked samples.
Spike results averaged 99% recovery. Because total chromium is expected to be found in the
filtered solids and acid rinse of the train, spikes were performed on the solid fraction, but not
the potassium hydroxide fraction. The analytical accuracy of total chromium measurements in
5N potassium hydroxide was not evaluated during this test series.

An additional check of the overall accuracy of the hexavalent chromium recirculation

train was made using labelled Cr®* during one sampling run. Conversion of the labelled Cr**
was 55% on the outlet sample and 4% on the inlet sample.
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Blank Effects

There were difficulties identifying representative blank levels in reagents during this test
series because two laboratories and multiple lots of reagent were used. Some variation in
measured blank levels is likely to be due to analytical difficulties with the SN KOH matrix.
Hexavalent chromium was detected in the SN potassium hydroxide reagent blank solution but
at higher levels than in most samples. The blank was considered non-representative and was not
subtracted from the sample values.

Total chromium was detected in the SN potassium hydroxide reagent blank at 20-60%
of the sample values. High total chromium in the 5N potassium hydroxide followed the trend
of detecting more total chromium in this sample fraction than is considered possible using this
sample train. Total chromium values from this sample fraction were not used.

Total chromium levels in the reagent blanks representing the filtered solids and nitric acid
impinger solution and rinse were low at 0.6 ug/train. The blank correction contribution in the
filtered solids ranged from 2-16%. The nitric acid impinger solution and rinses were also
corrected for this reagent blank. The average blank correction was 46%.

Field blank levels of total and hexavalent chromium were not detected but at higher
reporting limits than the samples. Conversion of Cr®* to Cr** in the field blank was 2%.

Conclusions

Total and hexavalent chromium emissions from an oil-fired unit were evaluated using the
EPA recirculation train. This data can be considered representative of the use of this train under
these conditions.

5.5 STACK SAMPLING QUALITY CONTROL RESULTS

Sampling quality control was well documented in this program. 1t included calibration
sheets for most of the equipment used, including the gas meters, portable O, meters and CEM
calibration. Also on file are calibrations for temperature indicators and pitot assemblies. Gas
meters are calibrated before and after sampling and can differ no more than 3% from the
original meter calibration. The sampling data were evaluated and comments were made on the
sampling data sheets about the sampling locations, techniques used, and specific tests comments.
In general, a methodical and conservative approach was employed to collect the samples
according to the specifications.

The precision of the sampling can be estimated by comparing results for various

parameters of the replicate samples, notably velocity, moisture content, and gas composition.
These were fairly constant for each sample location. Comparisons of measured flow rate at each
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location to calculated flow rates from the unit heat rate and F-factor were made. Average
measured flow rates were 14% higher than the calculated values.

The accuracy of the sampling is usually assumed from the calibration and proper
operation of the equipment and from historical validation of the methods. Field blanks were
used to assess any biases that may be caused by contamination of the equipment, location, or
operator errors. Field blank valves were not subtracted from tests results. Field blanks were
performed for all tests except the particulate/anions train. Reagent blanks were collected for all
tests except PAH tests where laboratory reagent blanks are used.

5.6 MATERIAL BALANCE RESULTS

At Site 112, four key streams were used to define the material balance: fuel oil, furnace
hopper ash, partial sampling of an off-line boiler wash, and ESP outlet exhaust gas. Because
of the low ash content on oil fuel (0.01-0.03% vs. 5-15% for coal), the time frame for removal
of solids for the boiler is longer than the duration of the sampling program. Table 5-5 lists all
of the possible streams for solid removal from the boiler, along with information on whether or
not they were sampled.

ABLE 5.5

¥y

EXIT STREAMS FROM SITE 112
Stream Operational Time Frame Sampling Time Frame
ESP exhaust gas _ . Continwous ~~ ~ Four to six hours
Furnace hopper ash Batch dump as needed, One 5-day sample and two
every one to three weeks. 3-day samples collected.
Off-line boiler cleaning Every scheduled unit Monitored part of a boiler
outage, typically several cleaning in February 1992
months to over a year apart. following 14 months of
operation.
Rear pass ash Batch dump as needed, Not sampled

every one to six weeks.

Water sluice of ESP hoppers Every one to three weeks, Not sampled
and ash lines as needed.
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Stream flow rates and concentrations, and the bias and precision errors associated with
those measurements, were entered into a statistical error propagation model to estimate the
overall material balance closure. A detailed discussion of this statistical error propagation
analysis is presented in Section 5.0.

Closure is defined as the ratio of output to input mass. A 100% closure indicates perfect
agreement of the measured input and output mass flow rates. Closures of 70-130% have been
set as a goal for the FCEM project. This range refiects the typical level of analytical
uncertainty. Closures outside this range may indicate measurement problems in one or more of
the sample matrices or a systematic bias imposed by the experimental design.

Floiv Rates

Exhaust gas flow rates and fuel oil flow rates are consistent with unit load and have a
high confidence level. The highest degree of uncertainty is associated with measuring solid
removal rates for the furnace hopper ash, off-line boiler cleaning, rear pass ash, and sluicing of
the ESP hoppers and ash lines. As presented in Table 5-5, the expenmental design and the
disparate time frames of removal mechanisms and sampling events result in high levels of
uncertainty in these measurements. The primary uncertainty is that the sampling scheme may
not have provided for complete measurement of all solids removed from the boiler by the four
mechanisms listed above.

Table 5-6 presents the material balance results and the uncertainty interval calculated
from the error propagation analysis. The table shows that the species fell into four groups: two
volatile elements within the target range (mercury, sulfur), one volatile element outside the target
range (chlorine), ten non-volatile elements outside the target range (barium, beryllium, cadmium,
chromium, cobalt, copper, lead, nickel, phosphorus, and vanadium), and two non-volatile
elements within the target range (manganese, molybdenum). Closures on arsenic, fluorine and
selenium were not calculated because they were not detected in either the fuel or the ESP
exhaust gas.

The calculated uncertainties in the closures are due primarily to uncertainties in the
exhaust gas analysis, and secondarily to uncertainties in the fuel oil analysis. Calculated
uncertainties for the furnace hopper ash and off-line boiler wash were high on a relative basis
but low on an absolute basis, since a small amount of material was collected. The largest
uncertainty, whether or not the experimental design provided for adequate measurement of solids
removal from the boiler, could not be quantified and was not included in the analysis. Specific
discussions on individual species outside the target range are presented below.

Chlorine

The mass balance for chlorine of 225 + 65% appears to be caused by a high bias in the
exhaust gas measurement, although no sampling or analytical problems could be identified.
Chlorine content in the fuel was typical for INAA analysis at 30ug/g or 1600 1b/10'2 Btu. Both
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TABLE 5-6
MATERIAL BALANCES
SITE 112

R e

Substance Out/In, % Uncertainty, % Closure
Arsenic® NC NC

Barium 16 9

Beryllium 22 14
Cadmium 50 39

Chlorine 225 65
Chromium 35 22

Cobalt 11 6

Copper® Z3 Ht
Fluorine® NC NC

:Lead@) “) e 14 3
Manganese 92 40

Mercury 73 37
Molybdenum® 112 55
“Nickel - -- S 16— e — - 5
Phosphorus 14 3
Selenium® NC NC

Sulfur 106 2
Vanadium 22 14

NC - Not calculated
o Arsenic and selenium not detected at ESP outlet.
@ Fluorine not detected in fuel.
@ Field blank was greater than 50% of the average uncorrected sample measurement
for ESP inlet samples.
®  Field blank was greater than 50% of the average uncorrected sample mmsurement for
ESP outlet samples.
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ESP inlet and outlet exhaust gas chloride measurements were higher than expected from the fuel
input., Chlorine content in the furnace hopper ash and off-line boiler wash were negligible and
do not contribute significantly to the closure.

Non-Volatile Elements Below Target Range

Closure for ten of the twelve non-volatile elements was below the target range.
Calculated uncertainties were relatively low, indicating a systematic bias between fuel input and
ESP outlet measurements. Review of the data does not indicate a consistent high bias in fuel
measurements, a low bias in exhaust gas sampling, or a low bias in exhaust gas analyses. The
exhaust gas values are considered to be representative of unit emissions during the tests, and the
fuel oil analyses are considered to be representative of the oil bumed. The largest uncertainty
is in the experimental design, which may not have allowed for adequate quantification of solids
removal from the boiler.

Non-Volatile Elements Within Target Closure Range

The mass balance results for molybdenum and manganese were 112 + 55% and
92 + 40%, respectively. The calculated uncertainty in the mass balance results for these
elements is relatively high. This indicates that closure for these elements may not be
substantially different than for other particulate metals. Fuel oil analyses are considered to be
accurate. Examination of the ESP outlet analytical data indicates that these two metals have high
field blank levels relative to some but not all sample values. Because the field blank levels are
not subtracted from the results, the average ESP outlet emissions may be biased high.

Mercury

A few additional comments are needed here regarding the mercury mass balance.
Although the mercury mass balance was within the target range at 73% there are concerns that
the mercury values measured from the multimetals trains are highly variable. This is exhibited
by the unexpected result of 83% mercury removal efficiency by the ESP. There are also
concerns that the ESP outlet mercury results from the multimetals train are near the method
reporting limit and therefore are known with less certainty and do not completely characterize
mercury emissions from this source. The mercury value considered to have the lowest
uncertainty from this test program is the fuel mercury value by INAA.
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SECTION 6.0

EXAMPLE CALCULATIONS

This section presents the methodology and sample caiculations used to develop the results
presented in Sections 3.0 and 4.0. Specifically, the calculation of stream flow rates, unit-
energy-based resuits, and confidence intervals are discussed.

6.1 STREAM FLOW RATES

Appendix D presents information about the stream flow rates measured or calculated at
Site 112 during the sampling period.

ESP inlet and outlet gas flow rates were calculated from the unit load heat rate and F-
factor as described in Seciion 5.2. Although flue gas flow rates were measured directly during
sampling the calculated flow rate is considered to be more accurate for these sampling locations.
The heat rate was calculated by the plant from recent Site 112 performance data.

Fuel oil flow rates were measured by plant instrumentation. The plant instrumentation
was not more than +5% accurate when comparing expected fuel flow to unit load at steady
operating conditions. The plant instrumentation for fuel flow readings were occasionally as
much as 10% different from the expected fuel flow at a given load.

The furnace hopper ash flow rate was estimated from three furnace hopper ash dumps
during the test series. The total ash dumped was highly variable ranging from 0.51 Ib/hr to
12.02 Ib/hr. The average ash flow rate was 5.47 Ib/hr or 0.0022 1b/10° Btu.

Ash was allowed to accumulate during sampling and was dumped at time intervals to
represent the metals tests and the chromium and mercury speciation tests. A final ash dump was
used only to contribute to determining the ash flow rate. Grab samples were taken at various
depths from the ash bin and composited. For each ash dump the following information was
recorded: total volume of ash, density of ask, bours since last ash dump, and the number of
barrels of oil used since the last ash dump.

The ash flow rate and ash per 10° Bt were calculated from these parameters. For
example, the following data were collected for one ash dump:

Time ash accumulated 7/16 - 7/21/92, 120 hours
Total ash volume, cm® 222,995
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Ash density, g/cm® - 0951
Oil used, barrels 53,940

The furace hopper ash flow rate is calculated as follows:
Total ash, Ib/hr = total ash, cm® x density, g/cm?
x Ib/454g x 1/mumber of hours
= 222,995 cm® x 0.951 g/cm x 1/454 g/Ib x 1/120 br
= 3.89 Ib/hr
Total ash, 1b/10° Btu
= total ash, cm® x density, g/cm® x 1b/454 g
<+ (oil used, barrels x 6.32 MMBtu/barrel)

= 222,995 cm® x 0.951 g/cm® x Ib/454g x 1/53,940 barrels x 1/6.32
MMBtu/barrel

= 0.00137 1b/10° Btu

Because this system uses char reinjection there are no other ash collection points that can
be routinely sampled.

6.2 MEANS AND CONFIDENCE INTERVALS FOR STREAM CONCENTRATIONS

The mean concentrations and 95% confidence intervals (CIs) about the mean were
calculated for each target substance in the streams sampled. The means were calculated
according to the conventions listed in Section 3.0. The equations used to calculate the 95%
confidence intervals are presented in Appendix F. The error propagation equations used to
calculate uncertainties for ESP efficiency and mass balance results are also presented in this
section.

Example calculations for cadmium in the ESP outlet gas follow here; these resuits were
shown in Table 3-3.
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The concentration data (in pg/Nm?) given for cadmium in Table 3-3 are:
Run 1 Run 2 Run 3
0.96 0.13 0.18

The mean is calculated from the individual run totals:

Mean = (0.96 + 0.13 + 0.18)/3
= (.42

The sample standard deviation of the individual run totals is calculated:

S, = 1(0.96-042) + (0.13-0.42" + (0.18-0.42)7] /2

= 0465

The standard deviation of the average i1s caiculated according fo it equation ifi
Appendix F for N = 3:

S5 = 0.465/,/3

= 0.268

The bias error is found by root-sum-squaring the product of the bias error and the
sensitivity from each run (see Appendix F). According to the conventions listed in Section 3.0,
no bias error is assigned to values above reporting limits, whereas a bias error of one-half the
reporting limit is assigned to values below reporting limits. The sensitivity of the mean to each
run in this case is 1/3. An additional bias of 14% of the sample value or 0.059 is introduced
because of the difference in particle collection from ideal conditions during isokinetic tests.

B, = Y((1/3 x 0 + (1/3 x 0) + (1/3 x O)) + (0.059)°

= {(0P + (0.059)
= 0.059
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The total uncertainty in the result is found from:

U, = B + (t x 5
= (0.059? + (4.3 x 0.268)
= 115

Thus, the result is reported as 0.42 + 1.15 pg/Nm®.

For ESP removal efficiencies the uncertainty as % efficiency is calculated from the
following standard error propagation equations:

ESP inlet value = A + 8A where 84 = Sp//N
ESP outlet value = B + 6B

ESP inlet - outlet = C x (6A)* + (5B)

ESP__ - ESP,

ESP efficiency =
ESP_,,

N 2
= efficiency =\J (BAY - @By, By . eficiency

Using the example of ESP efficiency for cadmium, the following calculations were performed:

Mean Sp SpiR_
ESP inlet, 16/10" Bty 0.47 0.14 0.081
ESP outlet, Ib/10" Btu 0.33 0.37 0.211

ESP inlet - outlet = .14 = \/(0.081)% + (0211)*= .14 = 0.226

inlet — outlet

ESP effeciency = ! e 0

226 081
= 0299 z 4 0.299
* \]( 15 T Ga "

= 0.299 : 0485

or the ESP was 30 + 49% efficient for the removal of cadmium. This large range reflects the
large uncertainty in sample values for cadmium as illustrated in the previous example for
confidence interval calculations.
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For mass balance results the uncertaihty as % closure is calculated similarly to ESP
efficiency uncertainty using standard error propagation equations.

Closure = E(QOut/in) = (A+B+C)/D

where A = ESP outlet air samples
B = boiler wash
C = fumace hopper ash
D = oil input

where 6A, 6B, 6C, 6D are the uncertainties in these measurements, (S_;], and all values are
N

in 1b/10'"* Btu. The uncertainty in the outputs (A+B+C) is calculated as:

3(A+B+C+) = /(84)* + (8B)* + (8C)?

and the uncertainty in the output/input is calculated as:

[(8(4+B+O)2  (3DV?
-5 \Cam) *(5)

Using the example of mass balance uncertainty for chromium, the uncertainty is
calculated as:

Uncertainty in A (ESP outlet) = -3_‘?., where S, = sample std deviation.
. . - R N_ N e e i i et M

Uncertainty in D (fuel oil) = 32
VN
Uncertainty in B (boiler wash) = 200%. This uncertainty is based on the bias assumed
for missed sampling during the boiler wash.

Uncertainty in C (furnace hopper ash) = 307%. This uncertainty is calculated from the
variability in total ash collected from the ash dumps. Using the chromium values in
Appendix B, the mass balance uncertainty is calculated as: :

2
8(A+B+C) = J[%iﬁ] + @ x 0168 + (307 x 0.627 = 2.75 Ib/10 Bru
3

275V 0404/,/3 :
8E = 35% x ( )+' = 21.7%
4.48 024

PRELIMINARY DO NOT CITE OR QUOTE




EXAMPLE CALCULATIONS 7 SECTION 6.0
' EPR1E-10106/R016C374.T

6.3  UNIT ENERGY EMISSION FACTORS

In addition to the gas-phase concentrations, unit-energy-based emission factors expressed
as 1b/10" Btu have been developed for each target substance. These values were determined by
calculating the concentration of a substance in the flue gas (Ib/ft®) and multiplying by the fuel
F-factor and O, correction, according to EPA Method 19.

The equation used for trace species emissions is:

1102 B = pgim® x m%35.31 fi* x 1bj454g x F-factor @ 0% O,, dscfIMMBtu

x 20.9/(209 - % O,) x 10° pglg x 10°°
The 95% confidence intervals for emission factors were calculated according to the
equations presented in Appendix F. For each parameter (concentration, unit heat rate, and unit

load) the mean, standard deviation, number of points, and bias estimates were used to calculate
the combined uncertainty in the mean emission factors.
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ASTM

BR

Bu

CAAA

CEM

CI

Ccv

CVAAS
CVAFS

DL

DQO

dsciin

EPA

EPA MM
EPAREC/ICP
EPAREC/IC-PCR

ESP
FCEM
W -
GC/PID
GFAAS
GRAV
HHV
HFPLC
HRGC/LRMS-SIM

IC

ICP-AES

ID

INAA

ISE
LECO-CHN
LECO-8C132
LCS

MIT
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American Society for Testing and Materials

Brooks Rand

British Thermal Unit

Clean Air Act Amendments of 1990

Continuous Emissions Monitor

Confidence Interval

Coefficient of Variation

Cold Vapor Atomic Absorption Spectrophotometry

Cold Vapor Atomic Fluorescence Spectrophotometry

Detection Limit

Data Quality Objective

.l.-uj Standard Cubic Feet ot Minute {latm, 68°F\

U.S. Environmental Protection Agency

EPA Multi-metals Train

EPA Recirculation train for total Chromium with ICP-AES Analysis
EPA Recirculation Train for Hexavalent Chromium with Analysis
by Ton Chromatography with Post Column Reaction
Electrostatic Precipitator

Field Chemical EIIHSSIODS Momtormg

Gas Chromatography with Photoionization Detector
Graphite Furnace Atomic Absorption Spectrophotometry
Gravimetric Analysis

Higher Heating Value

High Pressure Liquid Chromatography

High Resolution Gas Chromatography/Low Resolution Mass Spectrometry
with Selected Ion Monitoring

Ion Chromatography

Inductively Coupled Plasma Atomic Emission Spectroscopy

Induced Draft

Instrumental Neutron Activation Analysis

Ion Selective Electrode _

Leco Carbon, Hydrogen, Nitrogen Analyzer

Leco Sulfur Analyzer

Laboratory Check Standards

Massachusetts Institute of Technology
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MMBtu Million British Thermal Units

MW Megawatt

NC Not Calculated

ND Not Detected

NIST National Institute of Standards and Technology

Nm? Dry Normal Cubic Meter (0°C, latm)

NM Not Measurable

NP Not Performed

NR Not Reported

PAH Polycyclic Aromatic Hydrocarbons

PISCES Power Plant Integrated Systems Chemical Emission Study

QA/QC Quality Assurance/Quality Control

RPD Relative Percent Difference

RPDM Relative Percent Difference from the Mean

UOM Unit of Measure

PRELIMINARY

DO NOT CITE OR QUOTE




PRELIMINARY DO NOT CITE OR QUOTE




PRELIMINARY

EPRiE'-lOl 06/R016C374.T

APPENDIX A
SAMPLING AND ANALYTICAL SUMMARY
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This appendix presents the methods used to collect, preserve and analyze each type of sampie
collected at Site 112. Summary tables presented include the following:

A-1 Reference Table for Sampling Methods

A2 ESP Inlet and Outlet Test Schedule and Sampling Comments

A-3 3-D Velocity Summaries for the ESP Inlet and Outlet Sampling Locations
A4 Sampling Train Configurations for ESP Inlet and Outlet Samples

A-5 Sampling and Analytical Methods for ESP Iniet and Outlet Samples

A6 Sampling Schedule for Fuel Oil and Ash Samples

A-7 Analysis methods for Fuel Oil and Ash Samples

A-8 Sample Handling and Preparation Procedures

Descriptions of the exhaust gas sampling trains and process sample collection methods follow the
summary tables.
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TABLE A-1
REFERENCE TABLE FOR SAMPLING METHODS

Stream Target Substances Collection Methbod
ESP Injet and Qutlet Metals: As, Ba, Be, Cd, Co, Cr, Cu, Hg, EPA Multi-metals
Mn, Mo, Ni, P, Pb, Se, V
Polycyclic Aromatic Hydrocarbons CARB 429
Benzene, Toluene CARB 410A (bags)
Particulate, SO,, CI', F EPA 5/8, CARB 421
0,, CO, EPA 3A
Formaldehyde CARB 430
Mercury (Evalnation, ESP Outlet) Brooks Rand (KCl/soda lime and
iodated carbon cartridges)
MIT (carbon cartridges)
Multi-metals
Total and Hexavalent Chromium EPA Recircuiation Train
{Evaluation)
Gil Metals, anion precursors, composition, Composited grab samples
heating value
Furnace Hopper Ash Metals, PAH, anions Composited grab samples
Boiler Wash Metals, PAH, anions, total solids Integrated liquid sampling

Note: EPA Method 5 used to collect ESP inlet samples, EPA Method 17 (in-stack filtration) used
to collect ESP outlet samples.
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TABLE A-3
3D VELOCITY SUMMARY
ESP INLET
SITE 112
e
Sample Resultant Sample Resultant Sample Resultant
Port/Point Angle, * Port/Point Angle, ° Port/Point Angle, °

A2 7.0 D1 0.8 I6 0.8
A3 4.1 E7 2.2 15 0.8
A4 0.8 E6 5.1 K 4.1
AS 1.3 E5 15.0 B 3.1
A6 16.0 E4 25.0 2 50.0
A7 43.2 E3 29.0 I 2.2
B7 8.1 E2 8.0 J6 1.3
B6 0.8 F?7 4.1 I5 10.0
BS 8.0 F6 3.1 14 32.0
B4 9.0 F5 2.2 13 0.3
B3 0.8 ¥4 0.8 2 0.3
B2 30.8 F3 2.2 n 0.8
B1 0.8 F2 3.1 K7 31
C7 8.7 G7 5.1 Ké 25.0
C6 2.2 Gé6 10.0 K5 46.0
C5 8.0 G5 3.1 K4 62.5
C4 0.8 G4 10.0 K3 8.0
C3 0.8 G3 15.0 K2 8.3
C2 0.8 G2 20.0 L7 62.4
C1 0.8 H7 7.0 L6 141.2
D7 3.1 H6 3.1 15 21.5
Dé 0.8 HS 5.1 14 123.2
DS 15.0 H4 20.0 L3 72.7
D4 13.0 H3 0.8 12 65.6
D3 0.8 H2 0.8
D2 0.8 I7 3.1

RESULTS:

Yaw Angle: -7.3 degrees Velocity:* 35.9 fps (ft/sec.)

Pitch Angle: -0.2 degrees Axial Velocity: 35.2 fps

Resultant Angle: 10.2 degrees

Standard Deviation: 11.9 degrees

{continued)

Note: All results are averages for the test.
*  Velocity in the direction of flow.

Notes:

1. No flow was measured at the following points: Bl1, B3, C1, C2, C3, D1, D2, D3, H2, H3, ]I,
J2, and J3.

2. The following points were eliminated due to possible flow obstructions near the duct wall and/or
to possible air.in-leakage (low stack temp.): Al, El, Fl, G1, Hl, I1, and KI1.

3. Port L and point K4 was eliminated, flow readings were outside of the calibration curve’s
specifications. -
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TABLE A3 (continued)

3D VELOCITY SUMMARY
ESP OUTLET
SITE 112
e - s -
Sample Resultan Sample Resuttan Sample Resultant
Port/Point Angle, ° Port/Point Angle, *° Port/Point Angle, ©
All 6.1 C3 16.6 Fé6 6.8
Al 1.2 Cc2 16.3 F5 11.1
A9 11.5 C1 254 F4 15.8
A8 13.8 D11 21.5 F3 16.6
Al 17.8 Dio 211 F2 16.7
A6 15.4 D9 17.7 F1 28.7
AS 13.0 D8 17.5 Gl11 15.2
Ad 5.8 D7 16.6 G10 9.3
A3 1.3 Dé 11.7 GY 11.8
A2 5.0 D5 5.0 G8 14.0
Al 20.9 D4 5.7 G7 15.7
B11 53 D3 6.1 G6 15.8
B10 9.7 D2 12.1 G5 18.7
R9 12.3 ™m 34 G4 15.5
B3 13.1 Ell 55 G3 26.5
B7 273 El0 11.6 G2 20.2
B6 16.3 39 15.4 G1 31.9
BS 19.5 E8 17.5 H11 20.0
B4 18.5 E7 15.1 H10 18.1
B3 20.6 E6 i1.8 He 12.2
B2 14.1 ES 8.0 HS8 11.9
B1 26.7 E4 4.0 H7 11.1
Cl11 15.1 E3 11.4 Heé 16.2
o .. cw . .. 137 : - E - 195 . _. . _ ___ H _ _ 94 ____

C9 13.3 El 29.1 Ha 9.9
C8 15.3 F11 4.0 H3 1.2
c? 15.0 F10 2.7 H2 34
Cé 17.5 Fo 4.1 H1 11.7
Cs 16.8 F8 0.8
Cc4 16.3 F7 24

RESULTS:

Yaw Angle: 2.3 degrees Velocity:* 84.3 fps (ft/sec.)

Pitch Angle: 5.5 degrees Axial Velocity: 81.5 fps

Resultant Angle: 13.6 degrees

Standard Deviation: 6.8 degrees

Note: All results are averages for the test.
* Velocity in the direction of flow.

Notes:

1. Ports A, B, C, and D were measured on 7/14/92 and ports E, F, G, and H were measured on
7/23/92.

2. Average barometric and static pressure was used.-

PRELIMINARY DO NOT CITE OR QUOTE




EPR1E-10106/R016C374.T

apqeolddy 10N = VIN

00 00y J3WA

wdes] voqIw)

[¢718 sEsjuInIg VIN VIN VIN WaD
uogal, ¥IN V/IN  VIN bzr baauz

#dz)} Uogins palepol wa- g -vo-.._uv_ L WD R VNG L VN YN »a b:ﬁus— .
'OS'H %01 "O'H %01
__um vl O %¥ f'ONH %§ +2pioq sRwnjnpy

00y-00€  [I'® 001 Ldury Ja 8_
sdmdwr  Jedapday . (afmdw - e

D WED - aegeL) - o
_o» 8___. ‘ONH N : B HOA . no:at. HON
00¥-00€ 10 1M 001 Adwg  LdmgeloNgoes NEOT@OS

L] POIP Wi Ly ) Aq E:Eoi

YR 0,200
[3310 ¥s2[mINg
paEod goyAN 1y swdzaqy

we[D L1 PO Pugul ww iy VN opiyepnog

153 vy HdNG
VIN & 0708 Kdwg = ol
weIeR] FIpIW

P? worj .ﬂba: %¢ O ¥ SH¥ : una 2— ..l_u._.,oﬁ.
00r-00E W 001 .. T OOL : I p POmAM PTG ey

o ¥ amaw ‘oqul . <o_v.nm<0 ,
3nid joom TuENd) W/N  susnjoL/euszudg
T IIGMEELY e T e LY

. powilF-auan|o],

Suq I9jpaL im EIRUNL (f J9A0 PRI3[00 ojdwug yone) noyaL,

.. —uu WU

wN  %00p00f | Adwg S LSOAPURS

S gy
[ooiw seaQuiNl umu ;¢ sndenjn
PmoO TOP L] LT POYRI-IPING

*O§*H %01 ‘o' %ol O'H %01 POYIRI-19)I0NO =y
|3 wine SR %¥ I'ONH %5 /'ONH %S¢ s ww o] Mndwyn
00y-00E  T™ 001 Kdwg s Q01 I 001 uoyR], wopalL § POGRIN-19IT] § PORW-P] WD IERW-NION VA
P o ¥ » ¥ ” " SUI] o[dmeg qodg I3pjoH i TN ILZON Tiv] S|dweg

TUIIuG,) J20010W]

]

<11 ALIS
SA'TAAVS LALLNO ANV LA'INI dSH 404
SNOILVANDIINOD NIVIL TTdVS
-V I'T4VL

DO NOT CITE OR QUOTE

PRELIMINARY




EPRI1E-10106/R016C374.T

W no,_.“oo.uv 189/0] 9431438 O} posn woldIosqe oquow sovuany qdwss 20 dDfes

g

UG 0T = PING RINEI IET = BV,

«A[uo 1IN0 ) W [M199][02 sam wojduINE AINAOJY “JPlNC PUF WU A [I0q 19 JoNp QN0 Jo Q0 Iy 9 peuograd
son duggdwes wiod ofus ‘Nes) sem Jog -Suneos AInosow puw vopsloads WATTOIYS *DOA ‘apAyappeasioj Joj 1daoxe .ﬁ:..o“ PUE 12701 oY1 Y104 I8 19NP QN0 PUT JUIOT 34} 18 VYW wjdung 910N

{ponunuos) |

WATEIG 0109 SFRASVAA §aV-dol V WRIPVOSA

/87 9 0109/0PLL SYSMSVAH VIO wnju3jog

i pegg 0109 9¥SMSVAH SAV-dII | ssoydeoqy

/3 pyo 0109 9pEMSVdd £av-4II YN

w37 gl-o 0109 9v8mSvdd SAV-dOI ﬁ e..ﬁﬁi_oz
W3 Ty OLbL 9¥SMSVdE SVVAD ! A

3 810 0109 opEmsvdd §EV-dOl ! ossusduepy

wydn 1'g 0109 9p8MSvad §EV-dDI . mmw._

aurdd ¢reg 0109 oFMSVdE sav-dol ﬁ Jaddo)

u/d 720 0109 9¥8MSVdE §aV-d0I \ yeqo0

. /3 g0 0109 SPEMSVAE sdv-dol wonmoly)

-vanfjuue og owos pov sy Jiv 37 (g0 0109 oramsvdd £3V-dDI WARBPS

0] pasn FUOHIPPS plEpUvIE Jo pofeN /3T 20°0 0109 9¥8MSV4H £AV-dOI wnyjdsog

"an250 eapoA0o%s oxids mo) Jaacuaym Wy £1°0 0109 9PEMSVdE $AvV-dDI wnueg

pown SUOLIPPR pIRpURIP JO poYRIY My I'E 090L 9¥8mSvda SVVAD oJEIuIY
swem-nn YdF 009w | . £ VP

wdd ¢'o 0°00¢ vdg Aqdwigojnang vof - owgdsong

wdd 10 0'0cE VdH Aqduifoemolgo wo) IZ¥ EIVD opuoniky

wdd g 0'005 VdH Aqdusdiopmorge uog 17 gV IPUOILD

wdd 19 0°00f V4R Aqduifloemary> wo] 8/9 Vda JsjIng
uiea) awnonawd jo /1 398q WO} oy mogy s | M [% W00y
Jospra8 0000 § vad swppwiswinmonelid LI VA4S VdE oy | * £ AT plos
SATINVS SVO A1

U0y pogr Jdionuy WM PO UMY vy (sinapy)  sawonday IPWRIY]
NIy ORI ©o0IYIY [RANLETY gojavdaag sjdung wa] Jo jo "oN
POIP POv TONR[0D ucnesng

CI1 4LIS

STTJAVS LATLIO ANV LT'INI dSH HOA
SAOHLAN TVIOLLATVNV ANV DNI'TJAVS

SV TT4VL

DO NOT CITE OR QUOTE

PRELIMINARY




A-10

EPR1E-10106/R016C374.T

onetag] sousswsdonl] ooy Jodup ploy qua Aydwadojmutenyy svp ssnwasdina] Mo £q [9a9) .._uu."_u:.-uo_:mm-_ -ﬂa“u wq__m-wﬁmmbwnw.

oww& o_:-.‘_oP 0 uoneMLLIR f oM
¥ Jo Seaw m KA eaD[RA JoUXg #H
W uasquuejoya|Aqiopy-¢ Joj 1daoxs) ojdwwes3d |-g Jo | uonooep Aroiwtoqe| s3wisav us vonippe U “widuies R o) W 'y Jo SwnjoA ojdures 23waoaw uw 3uisn pojEin2|ed sue BiNEY WONRdRP HYd 1L

9199} T)PUIYOS] [ QA noioonfuos uy

"B861 CIS1 ‘80T twoy “nuiyy Cemy
w1a8zi1y pow 'g'N Eoo?mcu&omu 1

7 qowd Joj posn sum (3]

{5

sumsiop] KQisopep

V£ PU¥ 1 ‘HL SPOTPI Vdd 49 51 [[v Gilw wofiounfuos oy 00 %o
3 10070 w0 | VVNI 34 oL
/34 zao'0 SIAVAD/OD 3 Ky
/37 zog SAVAD « H
o34 20'0 woold "N sAVAD paey wyoclg oy 500 071 v .um_
73 vo'0 SYVAD PNV Vdd anog/ g L61-T8 £ +AINAII)
qurdd geg 1LY/ 18D ¥Od/I +30
sy g1 0109 9P8MS Vdd SHY-dOI 13 woL
PPN
TONRINAINY VdH oy | orT-Lé €
sxadurdioy 123pno ot 139110D qdd ¢ 0£p €UV OTdH 0ty VD an/y 01°0 09 € epAppIcd
qdd ¢1°0 susnjol
qdd ¢1°0
93eq mWIpaL Bl WO VOI+ddvO a4on Yolraavo ‘unsi} To 0g 13
ounig
/34 770°0 SUIUYTIY
Jusdd 7700 suspqgdeN
31 TT00 2ua Ad(po-¢' T 1) 0TI PaE
qusdd 2700 suaton]d
&l 1200 suaquwion]y
/34 7200 susomqeR(q's)ozuaqiq
au/dd Tzo0 20230Y)
aE\wa 770'0 Q09 np(yozurg
susomague(w)zosqiiqreang-z1'. w37 2200 ouzjAed(1'y'Tozusg
PUY SUIQI[OYRIATIIN-€ Jufdd tzoro suaqumIon]i(qlorueg
soapqydweiymew-z S/ 7z0°0 suaaid(w)ozuog
1o} gorwzipipons 033 770°0 sussKquN(v)ozuog
(eussu Jo poqiam 36 (/3 770°0 SuAIPOY
"3[qe[1var are spwpums popaqe]  wydd TZ0'0 suayyduussoy
Ajeardorony ssoqm connpp /3 2200 sugjAqydvuooy
adojosf Yum 6Ty @AV N /37 7700 SURWQUR(R)ZUAqIAqIRLIT-T] L
/37 7200 SUNQTR|OYHAPIIN-E
2 TTo dvnjAnapy-
/3 T20°0 67y HHVD WIS-SWHT/ODUH 67y TAVO Jnoyjm g ] € pu
LLEl L L ] POl o[diouLL] WOWAINIl  POISN 95T (sinuipy)  samoy oy IpuRavg
W] ORI 95Uy [ROnANTY unohendag iy sjdumg w91 jo Jo "oN
POYRIK PR RONSAOD soneng

<II ALIS

ST'IdIANVS LATLNO ANV LA'INI dSH HOA
SGOHLIN 'TVOLLATVNV NV DNI'TdINVS

(panunuod) s-y A'14V.L

DO NOT CITE OR QUOTE

PRELIMINARY




A-11

TABLE A-6

EPR1E-10106/R016C374.T

SAMPLING SCHEDULE FOR FUEL OIL AND ASH SAMPLES

SITE 112

Stream Date Time Cominents
Qil 7/16/92 0945 Metals, CL, F, §

1145 Composition, HHV
1345

7117192 0800 Metals C1, F, S
1100 Composition, HHV
1400

7/18/92 1115 Metals Cl
1530

7120192 1030 Not analyzed
1150
1450

7121792 0850 Mercury, chromium
1150
1450

7/22/92 0850 Mercury, chromium
1150
1350

7 7123192 0830 Mercury, chromium

1130
1430

7724192 0830 Not analyzed
1145
1430

Furnace hopper ash 7121792 1400 Metals
7124192 1400 PAH, CI,F, S
8/7/92 1400 Not analyzed

Note: Oil samples were composited into a daily composite before analysis.
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2-Methy thalens

PRELIMINARY

CARB 429/EFA SW346 8270
CARB 429/EPA SW346 8270
CARB 429/EPA SW346 8270

TABLE A-7
ANALYTICAL METHODS FOR FUEL OIL AND ASH SAMPLES
SITE 112
L}
Method
Detection
Stecam  Parameter Measurement Principle Reference Method Limit Comments
ol Carbon CHN Analyzer LECO CHN/600 0.1%
Hydrogen CHN Analyzer LECO CHN/600 0.1%
Nitrogen CHN Analyzer LECO CHN/600 0.01%
Oxygen difference - 0.1%
Mointure distillation ASTM D-55 0.01%
Ash gravimetric ASTM D-482 0.01%
Heating Value calorimetry ASTM D-240-87 10 Bw/Tb
Chlorine INAA - 0.1 pg/g  Also by ASTM D808
Flucrine Ion Selective Electrode -~ 10 pp/p
Sulfur LECO 5C-132 LECO 0.01 pp/g
Arseaic INAA - 0.001 pg/g Also by EPA SWB46 7060
Barium INAA - 0.1 gg/g  Alsc by EPA SWB846 6010
Beryllium ICP-AES EPA SWB46 6010 0.002 pg/g
Cadmium ICP-AES EPA SW346 6010 0.005 ug/g
Chromium INAA - 0.01 ug/g  Also by EPA SW846 6010
Cobalt INAA - 0.1 pg/g  Also by EPA SW846 6010
Copper ICP-AES EPA SW846 6010 0.01 ug/g
Lead ICP-AES EPA SWB46 6010 0.3 pglg
INAA - 0.01 pg/g  Also by EPA SWB46 6010
Mecrcury INAA - 0.001 pgig Also by EPA SWS46 7471
Molybdenum INAA - 0.01 ng/g Also by EPA SW846 6010
Nickel ICP-AES EPA SWB46 6010 0.03 ug/g
Phosphorus ICP-AES EPA SWB46 6010 S ugle
Sclenium INAA - 0.001 pg/g  Also by EPA SW846 T740
Vaosdinm INAA - 1 pglg  Also by EPA SWE46 6010
Fumnace Chioride IC EPA 300.0 250 pglg
bopper ash
Fluoride c EPA 300.0 150 pglg
Sulfur LECO SC-132 LECO 0.01 pg/g  Also sulfate by EPA 300.0
Arsenic GFAAS EPA SW846 7060 3 pgle
Barium ICP-AES EPA SW346 6010 5 uglz
Beryllium ICP-AES EPA SWE46 6010 1 ugle
Cadmium ICP-AES EPA SWB45 6010 2 ugle
Chromium ICP-AES EPA SW346 6010 5 peig
Cobalt ICP-AES EPA SWg46 6010 9 pgle
Copper ICP-AES EPA SW846 6010 5 ugle
Lead GFAAS EPA SW846 7420 3 ugle
Mangancsc ICP-AES EPA SW345 6010 T ugle
Mercury CVAAS EPA SW346 7471 0.1 pgle
Molybdenum ICP-AES EPA SW346 6010 7 ug/e
Nickel ICP-AES EPA SWE46 6010 20 pgfg
Phosphorus ICP-AES EPA SW846 6010 5 pg/lg  Also phosphate by EPA 300.0
Seleium GFAAS EPA SW346 7740 3 ugls
Vanadium ICP-AES EPA SW3846 6010 5 uglg
Loas on Ignition Gravimetric Mod. ASTM C25 0.01%
Acenaphthylenc HRGC/LRMS-SIM CARB 429/EPA SW845 8270 0.005 pp/g Isotope dilution used where
Ancensphihenc HRGC/LRMS-SIM CARB 429/EPA SW846 8270 0.005 pg/g labcled stapdards were
Anthracene HRGC/LRMS-SIM  CARB 429/EPA SW346 8270 0.005 pg/g svailable
Benzo(a)authracene HRGC/LRMS-SIM CARB 429/EPA SW345 8270  0.005 xglg
Beazo(a)pyrens HRGC/LRMS-SIM CARB 429/EPA SW3846 8270 0.005 pg/g
Beazo(b)flucranthene HRGC/LRMS-SIM  CARB 429/EPA SW846 8270  0.005 pg/g
Benzo{g h,i}perylens HRGC/LRMS-SIM CARB 429/EPA SW346 8270 0.01 ug/g
Beazo(k)fluoranthene HRGC/LRMS-SIM CARB 425/EPA SW346 8270 0.005 pg/g
Chrysene HRGC/LRMS-SIM CARB 429/EPA 5W346 8270 0.005 pg/g
Dibenzo(a,h)anthracens HRGC/LRMS-SIM CARB 429/EPA $W546 8270  0.01 ug/g
Fluoranthene HRGC/LRMS-SIM CARB 429/EPA SW346 8270 0.005 pp/g
Fluorene HRGC/ILRMS-SIM CARB 429/EPA SWB46 8270 0005 gg/g
Indeno(] ,2,3-cd)pyrene HRGC/LRMS-SIM CARB 429/EPA SWB46 8270  0.005 pg/g
Naphthalene HRGC/LRMS-SIM CARB 429/EPA SW846 B270 0.005 ug/g
Phepasthrene HRGC/LRMS-SIM CARB 429/EPA SWB46 8270 0.005 pg/g
0.
0.
0
0
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Fuel Oil and Furnace Hopper Ash Collection Procedures

Fuel oil samples were collected at the beginning, middle, and end of each test
day. Fuel oil samples were coliected at a tap located before the magnesium oxide
slurry addition. A total composite of 1500 ml in three separate containers was
obtained for each test day. Fuel oil flow rates were determined by the plant’s fuel
oil flow meter and recorded along with other boiler operating conditions. Integrated
daily fuel use data was obtained from the station.

Four times during the test program, the furnace hopper ash hoppers were
dumped: 1) at the start of the program, 2) after the metals tests were performed, 3)
after the mercury and chromium tests were performed, and 4) after the PAH tests
were repeated. Samples were collected and analyzed from the second and third ash
dummps.

For the furnace hopper ash, a compost digger was used to remove a group
of samples from various locations and depths within the furnace hopper ash pile.
These samples were collected in a container and mixed until visible homogeneity was
achieved. From this, a 1000 gram composite was removed and divided into five
specified containers. To determine a furnace hopper ash mass flow rate, the volume
of the shipping containers and the level of ash was documented. A density analysis
of the ash provided information needed to calculate the total mass of the furnace
hopper ash dumped.
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ESP Inlet and Outlet Collection and Analysis Procedures

ESP inlet and outlet samples were withdrawn isokinetically with particulate
emissions collected on a heated filter and gaseous emissions collected in a series of
iced impingers containing 5% HNO,/10% H,0, for the first two, empty for the third
and 4% KMnO,/10% H,SO, in the fourth. Decomposition of each sample fraction
was per the EPA method. Whenever possible, decomposed sample portions were
concentrated and combined with regard to preventing loss of volatile metals, to
achieve the lowest reporting limits possible for these samples. Materials collected
in the sampling train were digested with acid solutions to solubilize inorganic target
species and to remove organic constituents that may create analytical interferences.
Acid digestion of the front-half and filter was performed using conventional Parr
Bomb digestion techniques. Impinger solutions were digested and concentrated after
removing an aliquot for mercury. The separate fractions were combined after
digestion and before analysis.

Reagent and filter blanks were analyzed for all trace metals. A spiked
reagent blank for Hg and spiked reagent blank for all metals was analyzed to assess
analytical recovery methods and to ensure that the decomposition procedure was
accurate. Following the analysis of the samples and field bianks, a mandatory check
for matrix effects and interferences was performed for each metal by spiking one
outlet and one inlet sample. The inlet sample spikes were considered representative
of .the analytical technique because they were spiked at a level comparable to the
sample concentrations. If the recovery was less than +25% of nominal, the sample
was run using the method of standard additions or an alternate technique if possible.
One duplicate analysis was performed for each metal. A field blank was collected
and analyzed from the inlet and the outlet locations. Analyses for the trace metals
was performed by ICP-AES GFAAS or CVAAS absorption, dependmg upon the
metal of interest. - s — S —_—

The multi-metals train was also employed during the mercury evaluation
study, and anatyzed for mercury only. This allowed direct comparison of mercury
data obtained by the new methods to those obtained by this established reference
method.

Triplicate samples for PAHs were collected according to CARB Method 429
- September 12, 1989 version. In this procedure, a sample was collected
isokinetically and passed through a heated filter followed by an XAD-2 sorbent
module in a water-cooled condenser. The sorbent module was followed by an
impinger train to collect moisture and any species that might pass through the resin.

Prior to release to the field, each XAD-2 resin trap was spiked with
deuterated standards to assess field losses or gains. The standards used were

I ————
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benzo(e)pyrene-d,, and terphenyl d,,. In addition, sixteen surrogate standards were
added to each sample prior to the extraction step to provide recovery corrected
results.  Deuterated standards were not available for 2-Methylnapthalene,
3-Methylcholanthrene, or 7,12-Dimethylbenzo(a)anthracene; the method of internal
standardization was used for these species. Following extraction and cleanup, the
processed extract from each sample was analyzed by HRGC/LRMS-SIM.

At each sample iocation a full field blank train was assembled, recovered and
analyzed. During the recovery procedure all glassware was rinsed three times each
with organic free methanol, toluene and methyiene chloride. The solvent rinses were
combined with the filter and sorbent module for extraction and final analysis for each
train.

Tedlar bag samples were drawn simultaneously at a single point at both the
ESP inlet and outlet. The samples were collected according to CARB 410A using
GC/PID as the method of analysis. Duplicate analyses were performed on one
sample at each location. One sample was then spiked with benzene and toluene and
reanalyzed to assess recovery.

The inlet sample train used a glass wool plug. Carbon buildup on this plug
and absorption of benzene and toluene on the carbon contributed to low inlet results.

Anion and particulate samples were collected isokinetically at the ESP inlet
and outlet. The solid particulate was collected and analyzed according to Method 5
at the inlet and Method 17 at the outlet. The first two impingers contained a
solution of sodium carbonate/sodium bicarbonate to collect C1 and F. The third and
fourth impingers contained 3% H,0, to collect SO,. Each sample fraction was
analyzed for PO but the detection limit was high so the phosphorus result from the
multi-metals train was used.

0, and CO, were measured at a single point at the ESP outlet, using Carnot’s
Continuous Emissions Monitoring System. This system was used in conjunction with
all tests to provide O, and CO, data for molecular weight and dilution calculations.
Additionally, portable O, meters were used with each samplie train to provide sample-
specific O, data. Concentrations of CO, at the ESP inlet were then calculated given
percent O, and CQ, at the ESP outlet and percent O, at the ESP inlet.
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Three-Dimen- A United Sensor Three Dimensional Directional Probe was used at the 84
sional Velocity point sampling grid at the ESP inlet and the 88 point grid at the outlet. The 3-D
Testing probe measures yaw and pitch angles, as well as total and static pressures, and allows

for very accurate gas flow measurements.

Each probe has five measuring holes in its tip. A centrally located pressure
hole measures pressure P1, while two lateral pressure holes measure pressures P2
and P3. If the probe is rotated manualty until P2 and P3 are identical as a readout
on the manometer, the yaw angle of flow is then indicated by the number of degrees
rotated.

When the yaw angle has been determined, an additional differential pressure
P4 - P5 is measured by pressure holes located above and below the total pressure
(P1) hole. Pitch angle is determined by calculating (P4 - P5)/(P1 - P2) and using the
calibration data for the individual probe and interpolating between the bracketing
data. At any particular pitch angle, the velocity pressure coefficient (Pt - Ps)/(P1 -
P2) can also be interpolated from the calibration data and Pt - Ps and Ps calculated.

Velocity and Stack gas velocity and moisture content were measured by EPA Methods 2
Moisture and 4 in conjunction with every isokinetic test.
Formaldehyde Triplicate samples for formaldehyde were collected non-isokinetically at a

single point simultaneously on both in inlet and the outlet in acidic 2,4
dinitrophenyihydrazine (DNPH) solution as per CARB Method 430 using midget
impingers. An in-stack filter was used to remove particulate. The analysis for
formaldehyde was performed by reverse phase HPLC with a UV Detector. The
collection solution was analyzed before release to the field to verify that there was
no significant level of detectable formaldehyde: All"samples were kept-cold-and
sealed. Three field blanks were taken and analyzed by attaching blank vials of
DNPH to the sampling equipment and recovering it the same way as a sample. In
this way, blank DNPH solution is exposed to the ambient air and the sampling
equipment for the same period of time as the sample vials. A field spike that
contained 5.0 ug of formaldehyde was prepared, exposed to sampling conditions
using the same procedure as the field blanks and analyzed, along with a trip blank
and a trip spike (neither of which were opened).

Mercury Two mercury sampling trains that are under development were operated at
Evaluation Test  a single point at the ESP outlet. These were the Brooks Rand Method and the MIT
, method. The Brooks Rand method employed potassium chloride/soda lime traps to
collect oxidated mercury and methyl mercury. Elemental mercury was collected in

iodated charcoal traps. The analysis involved a series of successive desorption steps

and measurement by cold vapor atomic fluorescence spectroscopy (CVAFS). The

MIT sampling train collected total mercury in a charcoal cartridge. The contents

PRELIMINARY DO NOT CITE OR QUOTE




Total
Chromium and
Hexavalent
Chromium
Speciation

A-20
EPR1E-10106/R016C374.T

were transferred to a teflon container then analyzed by instrumental neutron
activation analysis (INAA).

Total chromium and hexavalent chromium samples were collected
isokinetically at a single point at both the ESP inlet and outlet using a recirculating
train. To eliminate the possibility of Cr®* reduction between the nozzle and
impingers, liquid from the first impinger was continuously recirculated to the probe
trip. There were seven impingers in this train. The first four were teflon, the last
three were giass.

impinger 1: SN KOH
impinger 2 and 3: 0.5 N KOH
Impinger 4; Empty (teflon)
Impinger 5: Empty (glass)
Impinger 6: 0.1 N HNO,
Impinger 7: Silica Gel

The caustic impinger solution was analyzed for Cr®* by ion chromatography
with a post-column reactor (IC/PCR). Total chromium was measured in all fractions
of the train by ICP-AES.

One iniet and one outlet sample was spiked with radioactively labelled Cr®*
to certify that Cr®* is not converted to Cr** during sampling. One field blank was
also spiked with radioactively labelled Cr®*. The labelled Cr** was analyzed by

gamma Spectroscopy.
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APPENDIX B
FCEM SITE 112 INDIVIDUAL STREAM
CONCENTRATIONS
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This appendix presents the Site 112 sampling resuits that were used to calculate the emissions and
mass balances presented in this report. Provided here are results for the following streams: ESP inlet
and outlet gases, fuel oil, furnace hopper ash, and boiler wash.

The following data flags are used in this table:

@ Concentration is less than five times the reporting limit
E Estimated analyte result

NA Not analyzed

ND < Not detected at less than the reporting limit

B Blank correction exceeded 50% of uncorrected result

PRELIMINARY DO NOT CITE OR QUOTE
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APPENDIX C
DATA NOT USED IN CALCULATIONS
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EPR1E:10106/R016C374.T

This appendix contains data that was not used in emissions or mass balance calculations. The
mercury and chromium evaluation results are presented here, except for the ESP outlet total chromium
result which is included in Appendix B.
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APPENDIX D
PROCESS STREAM FLOW RATES AND CALCULATION PROCEDURES
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The tables in Appendix D summarize the following information:

Table D-1:

Table D-2:

Table D-3:
Tabie D-4:

Table D-5:

PRELIMINARY

Mean process stream flows at Site 112

ESP inlet and ESP outlet gas conditions and flow rate summary, including
comparison of the measured flow rate to the calculated flow rate

Sample train test summaries including sample volumes and isokinetic ratios
Summary of furnace hopper ash collection

Calculations

DO NOT CITE OR QUOTE




EPRI1E-10106/R016C374.T

TABLE D-1
MEAN PROCESS STREAM FLOWS AT SITE 112

Stream Mean Flow Rate Standard Deviation Source

0il (Ib/hr) 177,000 10,000 Measured*

Bottom Ash (Ib/hr, dry) 5.47 5.92 Measured**

{Ib/MMBtu) 0.0022 0.0025

ESP Qutlet Gas 757,163 13,289 Calculated*»»

(dscfm)

ESP Inlet Gas (dscfm) 743,393 46,732 Calculated»=*
. . |

* Measured from plant instrumentation. Run 7 at 50% load excluded.

ok Measured by dumping ash in hopper and caicuiafing ihe weighi from measured ash deusity and

volume. Collection rates were highly variable ranging from 0.51 - 12.02 Ib/hr.
ek Calculated from unit heat rate and load. Run 7 at 50% load excluded,
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TABLE D-2
SUMMARY OF EXHAUST GAS CONDITIONS AND FLOW RATES

FOR ISOKINETIC TESTS, SITE 112
LR R e S

Stack Flow Rate  Gross Flow Rate*
Temp. Vm ed {Pitot) Output,  (HeatRT)

Test No. Date Time o, % co,, % HO, % °F dscf dscfm MW dscfm
I-MTLS-IN T/16/92 1115/1841 7.55 10.72 9.8 330 155.53 903,051 362 803,499
1-MTLS-OUT T16/92 1134/1744 6.83 11.20 9.1 337 177.82 835,261 362 762,382
2-MTLS-OUT 71177192 1009/1550 6.62 11.23 92 338 177.75 844,584 366 759,755
2-MTLS-IN TN 1041/1602 7.05 10.90 10.5 330 123.16 870,911 366 783,343
3-MTLS-OUT T7/18/92 1452/1630 6.23 11.42 9.7 339 167.75 832,559 366 739,557
3-MTLS-IN 7/18/92 1125/1637 1.97 10.06 10.8 330 121.64 875,452 366 839,080
5-CR-OUT TR1/92 123511752 6.06 11.58 7.8 336 132.3 SP 365 729,020
5-CR-IN 7/21/92 1355/1740 5.30 12.17 100 362 13125 SP 365 693,504
5-MIT/BR-HG  7/21/92 1507/1943 7.08 10.78 9.5 337 100.95 SP 365 782,826
5-MM-HG 21/92 150771944 6.68 11.09 10.0 334 104.88 SP 365 760,806
6-CR-IN 722/92 1035/1212 6.06 11.73 93 358 7328 sp 367 733,151
6-CR-OUT 722192 1035/1213 6.58 11.32 85 333 5120 SP 367 759,713
6-MM-HG TRU92 105071212 6.21 11.61 9.3 332 44 .69 sP 367 740,637
7-MM-HG 7122/92 1515/1857  10.40 7.80 7.3 308 8535 SP 187 510,796
§-CR-IN 23192 1035/1435 5.51 12.11 11.1 363 139.33 SP 360 693,010
§-CR-OUT 7123192 1034/1337 712 10.93 9.5 335 9423 SP 360 773,978
9-PM/AN-QUT 7124792 1026/1601 6.84 11.07 9.0 343 110.37 856,477 361 760,745
9-PM/AN-IN T124192 1225/1529 6.19 11.59 9.7 333 70.11 864,635 361 2,129
10-PM/AN-IN 724192 1306/1617 698 10.96 10.0 338 66.40 830,468 361 768,396
10-PM/AN-OUT 7/24/92 1316/1706 6.68 1120 9.5 345 111.28 912,037 361 752,185
11-PM/AN-IN T24/92 1629/1947 6.09 11.68 9.6 331 nmn 198,021 366 732,566
11-PM/AN-OUT 7/24/92 1647/2026 6.70 11.20 9.1 343 110.99 881,720 366 764,036
12-PAH-IN 8/4/92 1033/1537 5.61 11.81 108 346 109.95 847,765 ass 687,520
12-PAH-OUT 8/4/92 1042/1650 6.96 10.81 117 355 166.87 802,912 3ss 754,102
13-PAH-OUT 8/5/92 1120/1640 6.30 1128 9.4 352 165.11 853,656 374 759,897
13-PAH-IN 8/5/92 1124/1637 5 11.69 10.0 343 103.95 828,071 74 733,278
14-PAH-IN 8/6/92 1040/1525 5.75 11.64 9.6 344 105.30 860,320 an 726,241
14-PAH-OUT 8/6/92 1043/1536 6.38 11.16 9.1 345 179.38 851,723 37 757,751
AVERAGE INLET 632 11.42 10.1 342 864,299 743,393
AVERAGE OUTLET** 6.62 11.19 9.4 340 852,235 757,163
STANDARD DEVIATION INLET 0.86 0.63 0.6 13 26,347 46,732
STANDARD DEVIATION 0.32 0.24 0.8 7 30,888 13,289
OUTLET**
... ]
SP - single point test NA - oot applicable

* Flow nate calcuiated from average heat rate using:
DSCFM = Heat Rate, Bn/kWinet)-hr * (Gross Load, kW - Aux. Demand, kW) * Fiactor @ 0% O,, decf/mmBru * 20.9/20.9-%0,) * hr/60 min.
=2 Does pot include rup 7-MM-HG, which was at half load
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TABLE D-3
SAMPLE TRAIN TEST SUMMARY
SITE 112
PRI e ]
MULTI-METAL
PARAMETER ESP INLET ESP OUTLET
Date 7/16/92 7/16/92
Test Number 1-MTL-IN 1-MTL-OUT
Std Sample Vol (SCF) 156 178
Std Sample Vol (SCM) 4.40 5.04
Moisture Fraction 0.098 0.051
Stack Gas Mol Wt. 28.8 29.0
Stack Gas Velocity (ft/sec) 38.4 89.8
Stack Flow Rate (wacfm) 1,554,653 1,374,377
Stack Flow Rate (dscfm) 903,051 835,261
Isokinetic Ratio (%) 99.9 104.5
Date 7/17/92 7/17/92
Test Number 2-MTL-IN 2-MTL-OUT
Std Sample Vol (SCF) - 123 S 178
Std Sample Vol (SCM) 3.49 5.03
Moisture Fraction 0.104 0.092
Stack Gas Mol Wt 28.8 29.0
Stack Gas Velocity (ft/sec) _ _ . .. 3o_ __ _ . _ _ .57
Stack Flow Rate (wacfm) 1,498,431 1,389,014
Stack Flow Rate (dscfm) 870,911 844,584
Isokinetic Ratio (%) 101.2 103.3
Date 7118/92 7/18/92
Test Number 3-MTL-IN 3-MTL-OUT
Std Sample Vol (SCF), 122 168
Std Sample Vol (SCM) 3.4 4.75
Moisture Fraction 0.108 0.097
Stack Gas Mol Wt 28.6 28.9
Stack Gas Velocity (fi/sec) 37.6 90.4
Stack Flow Rate (wacfm) 1,521,103 - 1,383,611
Stack Flow Rate (dscfm) 875,452 832,559
Isckinetic Ratio (%) 99.4 98.9
Note: Stack flow rate as measured by S-Type pitot traverse. {continued)
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TABLE D-3 (continued)
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SAMPLE TRAIN TEST SUMMARY

SITE 112
- - - - ]
PAH

PARAMETER ESP INLET ESP QUTLET
Date 08/04/92 08/04/92
Test Number 12-PAH-IN 12-PAH-OUT
Std Sample Vol (SCF) 110 167
Std Sample Vol (SCM) 3.11 4.73
Moisture Fraction 0.108 0.117
Stack Gas Mol Wt 28.8 28.6
Stack Gas Velocity (ft/sec) 31.2 91.1
Stack Flow Rate (wacfm) 1,504,045 1,394,864
Stack Flow Rate (dscfm) 847,765 802,912
Isckinetic Ratio (%) 103.5 102.0
Date 08/05/92 08/05/92
Test Number 13-PAH-IN 13-PAH-OUT
Std Sample Vol (SCF) 104 165
Std Sample Vol (SCM) 2.94 4.68
Moisture Fraction 0.100 0.094
Stack Gas Mol Wt 28.9 28.9
Stack Gas Velocity (ft/sec) 35.6 93.3
Stack Flow Rate (wacfm) 1,441,501 1,428,490
Stack Flow Rate (dscfm) 828,071 853,656
Isokinetic Ratio (%) 100.2 94.9
Date 08/06/92 08/06/92
Test Number 14-PAH-IN 14-PAH-OUT
Std Sample Vol (SCF) 105 179
Std Sample Vol (SCM) 2.98 5.08
Moisture Fraction 0.096 0.091
Stack Gas Mol Wt 28.9 28.9
Stack Gas Velocity (ft/sec) 36.8 92.0
Stack Flow Rate (wacfm) 1,490,602 1,408,599
Stack Flow Rate (dscfm) 860,320 851,723
Isokinetic Ratio (%) 97.7 103.4

Note: Stack flow rate is as measured by S-Type pitot traverse - (continued)
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TABLE D-3 (continued)
SAMPLE TRAIN TEST SUMMARY

SITE 112
1
FORMALDEHYDE
PARAMETER ESP INLET ESP QUTLET
Date T/17/92 7/17/92
Test Number 2A-FORM-IN 2A-FORM-OUT
Std Sample Vol (SCF) 3.48 5.28
Std Sample Vol (SCM) 0.099 0.150
% 0, 1.05 6.62
Date 7/17/92 7/17/92
Test Number 2B-FORM-IN 2B-FORM-OUT
Std Sample Vol (SCF) 3.45 5.28
Std Sample Vol (SCM) 0.098 0.150
% Q, 7.05 6.62
Date e 7/17/92 7/17/92
Test Number 2C-FORM-IN 2C-FORM-OUT
Std Sample Vol (SCF) 3.57 5.28
Std Sample Vol (SCM) 0.101 0.150
Note: % O, values are from 2-MTLS-IN and 2-MTLS-OUT (continued)
PRELIMINARY DO NOT CITE OR QUOTE
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TABLE D-3 (continued)
SAMPLE TRAIN TEST SUMMARY

SITE 112
L -
BENZENE AND TOLUENE

PARAMETER ESP INLET ESP OUTLET
Date 7/16/92 : 716192
Test Number 1A-VOC-IN 1A-VOC-OUT
% O, 7.55 6.83
Date 7/16/92 7/16/92
Test Number 1B-VOC-IN 1B-VOC-QUT
% O, 1.55 6.83
Date 7/16/92 7/16/92
Test Number 1C-VOC-IN 1C-VOC-QUT
% O, 7.55 6.83
Date 7/16/92 7/16/92
Test Number 1D-VOC-IN 1D-VOC-OUT
%0, 7.55 6.83

Note: % O, values are from 1-MTLS-IN and 1-MTLS-OUT (continued)
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SAMPLE TRAIN TEST SUMMARY

SITE 112
R AR S S AR S
PARTICULATE/ANIONS

PARAMETER ESP INLET ESP OUTLET
Date 7124192 7124192
Test Number 9-PM/AN-IN 9-PM/AN-OUT
Std Sample Vol (SCF) 70 110
Std Sample Vol (SCM) 1.99 3.13
Moisture Fraction 0.097 0.090
Stack Gas Mol Wt 28.9 29.0
Stack Gas Velocity (ft/sec) 36.4 91.9
Stack Flow Rate (wacfm) 1,473,004 1,406,166
Stack Flow Rate (dscfm) 864,635 856,477
Isokinetic Ratio (%) 99.5 98.0
Date 7124192 7/24/92
Test Number 10-PM/AN-IN 10-PM/AN-QUT
Std Sample VoI (SCF) T 66 111
Std Sample Vol (SCM) 1.88 3.15
Moisture Fraction 0.]100 0.095
Stack Gas Mol Wt 28.8 28,9
Stack Gas Velocity (ft/sec) 35.3 98.4
Stack Flow Rate (wacfm) 1,428,302 1,505,832
Stack Flow Rate (dscfm) 830,468 912,037
Isokinetic Ratio (%) 95.7 100.1
Date 7/24/92 7/24/92
Test Number 11-PM/AM-IN 11-PM/AN-QUT
St Sample Vol (SCF) 72 111
Std Sample Vol (SCM) 2.03 3.14
Moisture Fraction 0.096 0.091
Stack Gas Mol Wt 29.0 29.0
Stack Gas Velocity (ft/sec) 37.6 94.3
Stack Flow Rate (wacfm) 1,520,738 1,443,109
Stack Flow Rate (dscfm) 898,021 881,720
Isokinetic Ratio (%) 94.6 103.3

Note: Stack flow rate is as measured by S-Type pitot traverse (continued)
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TABLE D-3 (continued)
SAMPLE TRAIN TEST SUMMARY
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SITE 112
c - - - - "~ "
CHROMIUM
PARAMETER ESP INLET ESP OUTLET
Date 7/21/92 7/21/92
Test Number 5-CR-IN 5-CR-OUT
Std Sample Vol (SCF) 131 132
5td Sample Vol (SCM) 3n 3,75
Moisture Fraction 0.100 0.078
Stack Gas Mol Wt 28.9 29.1
Stack Gas Velocity (ft/sec) 52.8 71.6
Stack Flow Rate (dscfin) 693,504 729,020
Isokinetic Ratio (%) 94.2 105.5
Date 7122192 7722192
Test Number 6-CR-IN 6-CR-OUT
Std Sample Vol (SCF) 73 51
Std Sample Vol (SCM) 2.08 1.45
Moisture Fraction 0.093 0.085
Stack Gas Mol Wt 29.0 29.1
Stack Gas Velocity (ft/sec) 523 71.7
Stack Flow Rate (dscfm) 733,151 759,773
Isokinetic Ratio (%) 98.6 99.1
Date 7/23/92 7/23/92
Test Number 8-CR-IN 8-CR-OUT
Std Sample Vol (SCF) 140 94
Std Sample Vol (SCM) 3.96 2.67
Moisture Fraction 0.111 0.095
Stack Gas Mol Wt 28.8 28.9
Stack Gas Velocity (ft/sec) 52.4 73.7
Stack Flow Rate (dscfm) 693,010 773,978
Isokinetic Ratio (%) 100.1 101.1
Note:  The test were conducted at a single point in the gas stream.
The stack flow rates are calculated from the heat rate; sce Table D-2 for calculations.
(continued)
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TABLE D-3 (continued)
SAMPLE TRAIN TEST SUMMARY
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SITE 112
e e
MERCURY
PARAMETER ESP OUTLET ESP OUTLET ESP OUTLET ESP OUTLET

Date 7/21/92
Test Number ' 5-MIT/BR-HG

Std Sample Vol (SCF}:

Isokinetic 92,01
MIT (VOID) 7.454
Brooks Rand 1.5
TOTAL VOLUME 100.9
Std Sample Vol (SCM) 3
Moisture Fraction - from iso 0.1
Stack Gas Mol Wt 28.9
Stack Gas Velocity (ft/sec) 68.6
Stack Flow Rate (dscfm) 782,826
Isckinetic Ratic (%) - from tot vl 108

NOTE: Test 5-MIT/BR-HG consisted of drawing isokinetic exhaust gas sample that was then split between the
Brooks Rand train and the MIT train. This technique allowed isokinetic sampling for the BR/MIT trains. The
majority. of the exhaust gas was used to determine moisture only. A scparate multi-metal train for Hg was

performed.

Date

Test Number

Std Sample Vol (SCF)
Std Sample Vol (SCM)
Moisture Fraction

Stack Gas Mol Wt

Stack Gas Velocity (ft/sec)
Stack Flow Rate (dscfm)
Isokinetic Ratio (%)
Date

Test Number

Std Sample Vol (SCF)
Std Sarople Vol (SCM)

Date

Test Number

Std Sample Vol (SCF)
Std Sample Vol (SCM)

7/21/92
5-MM-HG
105

2.97
0.100
28.8

71.8
760,806
103.9

722192
6-MM-HG
45

1.27

0.098
28.9

74.4

740,637
101.1

7122/92
6-BR-HG
1.27
0.036

7122192
T-MM-HG
85
2.42
0.073
28.8
32.8
510,796
103.2
7/22/92 7/22/92
7A-BR-HG 7B-BR-HG
1.31 1.27
0.037 0.036
7/22/92 7122192
TA-MIT-HG 7B-MIT-HG
9 9
0.26 0.24

Note: These tests were conducted at a single point in the gas stream. The stack flow rates are calculated from
the heat rate. Sce Table D-2 for calculations,

PRELIMINARY
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TABLE D-4
SUMMARY OF FURNACE HOPPER ASH COLLECTION
SITE 112

Total ash  Ash density  Oil used, Total ash, Total ash,

Dates volume, cm’ g/em?® barrels 1b/10° Btu Ib/hr
7/16 - 7/21 (120 222,995 0.951 53,940 0.00137 3.89
hrs)

7/21 - 7/24 (72 hrs) 18,604 0.894 24,420 0.000237 0.51
8/4 - 8/7 (72 hrs) 426,719 0.921 27,114 0.00505 12.02
Average 0.0022 5.47
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TABLE D-5
SAMPLE TRAIN CALCULATION PROCEDURES
SITE 112

To Calculate Sample Volume, Actual Exhaust Flow Rate and Isokinetics for Each Sample Train

a. Sampie gas volume, dscf

H (T
V., =003342V |P Iy
m sid '"[ bar* 13.6][ Tm](

b. Water vapor volume, scf

ld 528 °R
c. Moisture content, nondimensional

Tt
vV, = 00472 V,

B = VWﬂd
Y Vaw * Ve
d. Stack gas molecular weight, 1b/Ib mole
MW, = 0.44 (%CO,) + 0.32 (%0,) + 028 (%N,)

MW,, = MW, (1-2,) + 18 3)

e. Absolute stack pressure, in Hg

P
P =P+ =
R E Y]
f. Stack velocity, ft/sec

20, 7 (B

Ps wet

g. Actual stack flow rate, wacfm

Q = (V) (60)
h. Standard stack gas flow rate, dscfm

P

o.-00-nfE|

i. Percent isokinetic

;- 17.32(T)(V, )
(1 - B,)®)(V)(®P)(D,%)

[ 528 °R]
Tref
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To Calculate Particulate Emissions

a. Grain loading, gr/dscf

(M
C = 0.01543 =

\ Vm std
b. Grain loading at 12% CO,, gr/dscf

/
12
C =C
12%CO, k % Coz}
c. Mass emissions, ib/hr

(60 minjhr)
M=CQ)——~
@ (7000 gr/lb)

To Calculate Gaseous Emissions, lb/hr

MW, Ibjib mole
sV

M = (PPM)(IO'G)[ ](Q,,)(GO min/Ar)

where,
SV = specific molar volume of an ideal gas:
SV = 385.3 ft*/lb mole for T,, = 528 °R

SV = 379.5 ft*/lb mole for T, =520 °R

To_Estim missions Rates in 1b/10° Btu Using EPA Method 19 and Given Fuel Analysis

a. Fuel factor at 68 °F, dscf/10° Btu at 0% O,
105[3.64(%11) + 1.53(%C) + 0.14 (%N) + 0.57(%S) - 0.46(%02ﬂeD]

e HHYV, Brujlb
b. Fuel factor at 60 °F
520 °R
F, = 22 =
50 68 (528 oR
c. Gaseous Emissions factor, Ib/10° Btu
( MW, b
b i 1 20.9
= m), (10 —_— =
 10° Bm),. eom), ¢ -6)(Ib mote)(sv)m(zo.s - %o,)

d. Gaseous Emissions factor, 1b/10"2 Btu

(_ b = b x 108
\IOHBtu,. lO"Btui

e. Particulate emission factor, 1b/10¢ Btu

PRELIMINARY DO NOT CITE OR QUOTE
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( .
Ib 11 20.9
=C F)
106 Btu] (7000 gr)( (20.9 - %oz)

Particulate emission factor, 1b/10"? Bm

(B ) (B, 0
. 10'2 B 10° Bru

To Calculate Trace Species Emissions Given Laboratory Results

a.

b.

Notes:

ng/sample train = (ng detected) - (ng in field or reagent blank)
ng/dscm = ng sample train x (35.31/V_ ;)
ng/Nm® = ng/sample train x (35.31/V_ 1 se) X 492/Tref

Ib/hr = ng/dsem x (1 g/10° ng) x (1 1b 454 g) x (1 m*/35.31 ) x Q, x (60 min/hr)
where Q,, = standard flow rate, dscfm and Nm* = normal cubic meter (0°C, 1 atm)

For Formaldehyde Results
ppb = (ug/sample train) x 1/V,_ ) x (1 1b/454 g) x (1 g/10° ug) x SV/MW, x 10°
Ib/hr = ppb x 10° MW./SV x Q, x 60 min/hr

For Anion Results

ppm = (mg/sample train) x (1/V, o) x (1 1b/454 g) x (I g/10° mg) x SV/MW, x 10°
Ib/hr - ppm x 10° MW,/SV x Q,, x 60 min/hr

Laboratory results could be in either pg or mg. PAH, metals, chromium and
formaldehyde resuits will be in ug and anion results will be in mg.

Field and reagent blank values must be evaluated before subtracting them. For example,
very low blanks may merely indicate "noise” and might be disregarded. On the other
hand, very high blank values may indicate sampling or analysis problems which should
be investigated. It may be acceptable to use a blank correction on some projects or with
some reference methods. Typically a reagent blank is a more appropriate indicator of
blank levels than a field blank.

To Calculate CO for h Sample Train

a.

b.

Given CEM results for O,, % and CO,, % at the outlet and the portable O, meter results
at each sample train,

209 - test O,
209 - CEM O,

Test CO, = CEM CO, x

PRELIMINARY DO NOT CITE OR QUOTE
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To Construct a Mass Balance Around the Boiler-ESP System for a Given Parameter, i

a. Given boiler wash, flue gas, ash and fuel sample results.

b. M; (fuel) = M; (flue gas) + M; (ash) + M, (boiler wash)
where M, is in units of either Ib,/day or 1b/10"? Btu and / denotes the particular parameter
of interest.

c. Mass balance, = (M, (flue gas) + M (ash) + M, (boiler wash))/M; (fuel), expressed as
%

To _Calculate Exhaust Gas Flow Rate from Heat Rate and F-factor:

Flow rate, dscfm = Heat rate, B/kW(net)-hr x (Gross Load, kW - Aux. Demand, kW) x
F-factor @ 0% O,, dscf/MMBtu x 20.9/(20.9-%0,) x h/60 mi

To Calculate Ash Flow Rate and 1b ash/10° Btu

total ash, Ib/br = total ash, cm® x density, g/cm® x 1b/454g x 1/number of hours

Ib ash/10° Btu = total ash, cm® x density, g/cm® x 1b/454g = (oil used, barrels x MMBtu/barrel)

To Calcujate 1b/10" B of Trace Species in Ash

i = trace species, i

a = ash

f = fuel oil

1b(i)/10" Btu(f) - ug(i)/gram(a) x g(a)/cm’
x total ash volume, cm® x 1b(i)/454g(i) x g/10%:¢
x 1/HHV, Btu/1b(f) x 1/total fuel burned, Ib(f)
x 10%

To Calculate 1b/10*? Btu of Trace Species in Fuel
1b/10" Bru = uglg x 1/HHV, Bry/lb x 10°

PRELIMINARY DO NOT CITE OR QUOTE
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stack area, ft°
flue gas moisture content |
particulate grain loading, gr/dscf corrected to 12% CO,
particulate grain loading, gr/dscf

pitot calibration factor, dimensionless

nozzle diameter, in.

fuel F factor, dscf/10° Btu at 0% O,
orifice pressure differential, iwg

% isokinetics

mass of collected particulate, mg

mass emissions of species i, Ib/hr

molecular weight of flue gas
molecular weight of species i:

NO, : 46
co : 28
SO, : 64
HC : 16

sample time, min.

average velocity head, iwg = ( m )2

barometric pressure, in.Hg

stack absolute pressure, in.Hg

stack static pressure, iwg

wet stack gas flow rate at actual conditions, wacfm

dry stack gas flow rate at standard conditions, dscfm

specific molar volume of an ideal gas at standard conditions, ft’/lb mole
meter temperature, °R

reference temperature, °R

stack temperature, °R
stack velocity, ft/sec

volume of liquid collected in impingers, ml

dry meter volume uncorrected, dcf
dry meter volume at standard conditions, dscf

volume of water vapor at standard conditions, scf
meter calibration coefficient
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APPENDIX F
UNCERTAINTY ANALYSIS
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Because the data generated in this program may be used in conducting risk assessments and in
making policy and regulatory decisions, consideration of the uncertainties in the results generated in the
program are important. Assessment of the uncertainty level of a measurement is especially important
when the measured results are near the detection level of the methods.

In calculating uncertainties that are presented in this report, procedures were followed that have
been previously established for FCEM data treatment. This procedure invoived 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. This
uncertainty was determined by propagating the bias and precision error of individual parameters in the
calcuiation of the results.

This uncertainty does not represent the total uncertainty in the result since many important sources
of uncertainty are unknown and have been assigned a value of zero for this analysis. This uncertainty
is only the uncertainty in the result for the period of time that the measurements were taken and does not
represent long-term process variations. In addition, the following calculations assume that the population
distribution of each measurement is normally distributed and that the samples collected reflect the true
population.

The method described below is based on ANSIFASME PTC 19.i-1985, "Measurement
Uncertainty. "

Nomenclature
r = Calculated result;
S, = Sample standard deviation of parameter i;
S;,- = Standard deviation of the average of parameter i;
O, = Sensitivity of the resuit to parameter i,
B, = Bias error estimate for parameter i;
v, = Degrees of freedom in parameter i;
v, = Degrees of freedom in result;
S, = Precision component of result uncertainty;
B, = Bias component of result uncertainty;
t = Student "t" factor (two-tailed distribution at 95%);
U, = Uncertainty in r; '
P, = Parameter i;
AP; = Perturbation in parameter i;
N, = Number of measurements of parameter i; and
E = Emission rate

For a result, r, the uncertainty in r is calculated as:

U = JB,Z + (S, * t)?
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The components are calculated by combining the errors in the parameters used in the result calculation.

Br = E (Bi*Bpi)z

The sensitivity of the result to each parameter is found from a Taylor series estimation method:

= o
api

Or using a perturbation method (useful in computer applications):

9,

o . TBAP)-T(P)
' AP,

The standard deviation of the average for each parameter is calculated as:

e S, —
sE = B

.
The degrees of freedom for each parameter is found from
v, = N,-1

and the degrees of freedom for the result is found be weighting the sensitivity and precision error in each
parameter.

S‘
(S5 * e,)‘}

Vr =

I

>

i=1 v

The Student "t" in the first equation is associated with the degrees of freedom in the result.

The precision error terms are generated using collected data, and assigning degrees of freedom
to each parameter. Bias errors are more qualitative in nature. Bias values are assigned based on
observation of the process and engineering judgment.

For this report the following sources of bias were considered:
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. No bias was assigned to analytical results unless the result is less than the detection limit.
Then one-half the detection limit is used for both the parameter value and its bias in
calculations.

This bias component for results below the detection limit is calculated as:

N, 1 2
B, = E (Bi*ﬁ]

i=1 i

. The nonaxial nature of the gas flow at the sample locations resulted in measured
velocities by the s-type pitot probes that were 14 % higher than flow rates calculated from
unit heat rate information and stoichiometric calculations. During all isokinetic tests,
sample flow rate was set based on the faster velocity measured by the pitot probe, as
specified in EPA Methods 1, 2 and 5. This means that "true” isokinetic sampling rates
may have been 14% low. Estimating errors induced by nonisokinetic sampling, this
would correspond to an uncertainty of 14% in the concentrations of particulate species.
Thus an uncertainty of 14% was applied to all particulate species measured from
isokinetic tests.

° A 5% uncertainty was applied to the heat rate factor which was provided by the plant.
The heat rate is defined as:

Bru

Heat Rate,
MW-hr

= HHV of fuel, Btu/lb x Fuel Flow, Ib/hr + Load, MW

The heat rate is used in all exhaust gas flow rate calculations. The uncertainty applied
to the heat rate is used instead of a separate uncertainty applied to fuel flow rates.

o An uncertainty of 307% was used on furnace hopper ash rates. This uncertainty
represents the large variability in the measured ash rate from the three ash dumps. This
value is calculated as the uncertainty in the three ash dumps based on the mass of ash per
unit mass of oil burned at the 95% C.I. This uncertainty is applied because of concerns
that not all of the ash was completely dumped from the furnace hopper on individual
cleanings. The uncertainty in an emission measurement of a target substance in the ash
includes this collection variability of 307%.

. A bias of 200% was applied to boiler wash results. This bias is applied because it is
estimated that half of the surface area downstream of the economizer was missed during
sampling.

In interpreting and understanding the uncertainty values, it should be pointed out that when two

levels of uncertainty are combined using a root-sum-squared process, the larger uncertainty predominates.
A few examples are presented below:

. Combining two uncertainties of 10% results in a total uncertainty of 14%.
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. No bias was assigned to analytical results unless the result is less than the detection limit.
Then one-half the detection limit is used for both the parameter value and its bias in
calculations.

This bias component for results below the detection limit is calculated as:

N; 1 2
B, = Y [Bi*ﬁ)

. The nonaxial nature of the gas flow at the sample locations resulted in measured
velocities by the s-type pitot probes that were 14 % higher than flow rates calculated from
unit heat rate information and stoichiometric calculations. During all isokinetic tests,
sample flow rate was set based on the faster velocity measured by the pitot probe, as
specified in EPA Methods 1, 2 and 5. This means that "true” isokinetic sampling rates
may have been 14% low. Estimating errors induced by nonisokinetic sampling, this
would correspond to an uncertainty of 14% in the concentrations of particulate species.
Thus an uncertainty of 14% was applied to all particulate species measured from
isokinetic tests.

o A 5% uncertainty was applied to the heat rate factor which was provided by the plant.
The heat rate is defined as:

Heat' Rate,—2%
MW-hr

= HHV of fuel, Buflb x Fuel Flow, Ibjhr -+ Load, MW -

The heat rate is used in all exhaust gas flow rate calculations. The uncertainty applied
to the heat rate is used instead of a separate uncertainty applied to fuel flow rates.

. An uncertainty of 307% was used on furnace hopper ash rates. This uncertainty
represents the large variability in the measured ash rate from the three ash dumps. This
value is calculated as the uncertainty in the three ash dumps based on the mass of ash per
unit mass of oil burned at the 95% C.]. This uncertainty is applied because of concerns
that not all of the ash was completely dumped from the furnace hopper on individual
cleanings. The uncertainty in an emission measurement of a target substance in the ash
includes this collection variability of 307%.

. A bias of 200% was applied to boiler wash results. This bias is applied because it is
estimated that half of the surface area downstream of the economizer was missed during
sampling.

In interpreting and understanding the uncertainty values, it should be pointed out that when two

levels of uncertainty are combined using a root-sum-squared process, the larger uncertainty predominates.
A few examples are presented below:

. Combining two uncertainties of 10% results in a total uncertainty of 14%.
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. Combining uncertainties of 50% and 8% results in a total uncertainty of 51%.
. Combining uncertainties of 90% and 10% results in an uncertainty of 90.5%.

Confidence Interval Calculations

In this report the confidence interval is reported with the sample results. The uncertainty values
calculated for this report are based on the 95% confidence interval calculated for mass emissions of the
target species. This confidence interval equation propagates the error associated with the parameters
required to determine concentration, mass emissions, and emission factors. The uncertainty is then
calculated as a percentage so that it may be applied to an average result expressed in the required units.

Emission factors are calculated in units of 1b/10'* Btu. However, the equations used for
uncertainty calculations are in mass emission units of lb/hr since these equations allow for an estimate
of overall uncertainty incorporating all parameters.

The foliowing are sample calculations for the 95% confidence interval around the mean emission
rate for flue gas, fuel and ash samples. This procedure utilized the same method outlined earlier in this
section and used in the computer program.

FLUE GAS
E, Ibjar = Concentration, H&_ . Heat Rate, B x F-Factor, dscf X
Nm? MW -hr MMBtu
20.9
Load, MW x 5.8127 x 107V
209-0,(test), % g *

FUEL
E, Ibjhr = Concentration, =2 | B 0 1

f onc auon,kngcatRate MW-thI XMMWXHHV,WH;
AS

Bru

E, Ibjhr = Concentration, %f’i x Heat Rate, = x 107 x Load, MW x

1 x(AshFlowRatc) Ib (ash)
HHYV, Buflb ~ \Fuel Flow Rate) Ib (fuel)
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The following example calculation shows how the overall uncertainty of the ESP outlet cadmium
value from this program was determined.

Parameter Units Run 1 Run 2 Run 3 Mean
Concentration pg/Nm? 0.96 0.13 0.18 0.42
Heat Rate Btu/MW-hr 9.78 x 10° 9.78 x 10° 9.78 x 10° 9.78 x 10¢
F-Factor dscf/MMBtu 8980 9019 N/A 9000
O, (test) % 6.83 6.62 6.23 6.56
Load (net) MW 350 354 354 353

The sensitivity of each variable is calculated with a perturbation for each parameter that is equat to the
larger value of the standard deviation of the average, %, or the bias error, B,. For the concentration
variable:

. = 2 = 2802 5268
E = 0.42 x 978 x 10° x 9000 x —2°2 _ , 353 x 5.8127 x 10" = 0.0011
c =04y = % ‘ 209-656 aiel X '
E = 0.69 x 978 x 105 x 9000 x — 202 . 353 x 5.8127 x 10" = 0.0018
(e =0 = 57 X 209656 Rl ‘

0 = Egpi.ariy ~Ep; - Eccom Ee0m

¢ AP, 0.27
0.0018 -0.0011
8, = = 0.0026
¢ 027

Similar calculations for each parameter produce the following results:
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PARAMETER
Concentration, Heat Rate, Bu/MW-hr F-Factor, dscf/MMBtu
#g/No’

Mean 0.42 9.78 x 10° 9000
Sy 0.47 0 28
55 0.27 0 20
N, 3 3 3
B.* 0.059 489,000 0
0, 2.6x10° 1.1 x 10% 1.2x 107
\2 2 2 2
AP; 0.27 489,000 20

Notes: The bias estimate for concentration includes no bias for anslytical results and a 14% collection bias. The bias estimate
for heat rate is 5%.

Theprecision and bias components are then calculated by root-sum-squaring the product of the parameter S5
or B and the sensitivity:

S, = JOSRY + @57 + @Sy

S, =7 x10%

B, = (8 +B,) + (6,%B,) + (6,+B, )
B, =2 x 10

The Student "t" factor for two degrees of freedom and a 95% confidence interval is 4.3,

The uncertainty in the result is then

U, = {B = (5,517 = J@x107F + (7x107 x43) = 0.0030

The overall emission rate is reported as

0.0011 £ 0.0030 Ib/hr or 274 % uncertainty
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ESP REMOVAL EFFICIENCY UNCERTAINTY

Substance D C A éB &C 8D
Ba 0.536 12.12 6.95 4.60 8.33 0.404
Be 0.773 197 0.287 0.179 0.338 0.159
cd 0.299 0.14 0.081 0.211 0.226 0.485
Cl —

Cr 0.568 4.86 1.05 0.92 1.40 0.177
Co 0.747 28.91 1.66 3.21 3.61 0.099
Cu 0.792 2431 - 4.02 1.62 4.33 0.175
Pb 0.527 29 1.00 0.276 1.04 0.211
Mn -_—

‘Hg 0.825 1.13 0.479 0.052 0.482 0.455
Mo 0.598 8.8 0.780 1.12 1.36 0.098
Ni 0.736 845 36.4 90.8 97.8 0.088
P 0.682 234 258 14.9 29.8 0.101
v 0.778 839 99.9 7.7 126.6 0.138
S (as sulfate) 0.058 90,000 62,452 23,334 66,669 0.043
F 0,053 26 132 184 226 0.461
Particulate 0.7712 0.060 0.0051 0.0010 0.0052 0.0839

(b/MMBt)

ESP inlet = A + 8A
ESP outlet = B + 6B

ESP inlet - ESP outlet = C + V(54)* + (8B)’

ESP eficiency = ESP inlet - ESP outlet _ \M(bA)z - (w)z] . (&4_)2] o)

ESP inlet c A

All values in 1b/10"? Btu except for particulate
“Use ND values at half value for Hg

No apparent ESP removal of Ci and Mn
Arsenic and selenium not detected at ESP outlet
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ESP REMOVAL EFFICIENCY UNCERTAINTY

.

Substance D C . bA B &C 8D
Ba 0.536 12.12 " 6.95 4.60 .33 0.404
Be 0.773 1.97 0.287 0.179 0.338 0.159
Cd 0.299 0.14 0.081 0.211 0.226 0.485
) —

Cr 0.568 4.86 1.05 0.92 140 0.177
Co 0.747 28.91 1.66 3.21 3.61 0.099
Cu 0.792 24.31 4.02 1.62 433 0.175
Pb 0.527 2.9 1.00 0.276 1.04 0.211
Mn -—

He 0.825 1.13 0.479 0.052 0.482 0.455
Mo 0.598 8.8 0.780 1.12 1.36 0.098
Ni 0.736 845 36.4 90.8 97.8 0.088
P 0.682 234 25.8 14.9 29.8 0.101
\Y 0.778 839 99.9 7.7 126.6 0.138
S (as sulfate) 0.058 90,000 62,452 23,334 66,669 0.043
F 0.053 26 132 184 26 0.461
Particulate - 0.772 0.060 0.0051 0.0010 0.0052 0.0839
(b MMBw)

ESPinlet = A + A
ESPoutlet = B + éB

ESP inlet - ESP outlet = C 3 V(34 + (6B)’

ESP efficiency = o0 iniet - ESP outlet _ p, \J(____‘“)z = (“’)2] + (E‘;)z )

ESP inlet C A

All values in 1b/10** Bt except for particulate
“Use ND values at half value for Hg

No apparent ESP removal of Cl and Mn
Arsenic and selenium not detected at ESP outlet
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Notes:

# =  For mercury data from multimetals tests, one half the non-detect value was used to calculate the
mean, This is a variation of the FCEM reporting convention.

* =  Fuel composition and heating value was analyzed for two replicates only.
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APPENDIX G
QUALITY ASSURANCE AND QUALITY CONTROL DATA
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This appendix presents detailed quality assurance and quality control (QA/QC) data for the gas,

fuel oil and bottom ash samples. The QA/QC data includes results of duplicate samples, spiked samples
and laboratory check standards (LCS). Additional QA/QC data such as instrument calibration data
required by the sampling and analytical methodology is maintained by Carnot and the laboratory. QA/QC
data is grouped by sample type and analysis. All data pertaining to an analysis is presented together,
Analytical data and blank analyses are presented in Appendix H. QA/QC results are presented in the
following tables.

G-1
G-2
G-3
G4
G-5
G-6
G-7

G-8
G-9
G-10

G-11
G-12
G-13

Summary of Quality Control Results for ESP Inlet and Outlet Metals Analyses

Summary of Quality Control Results for ESP Inlet and Outlet Particulate Analyses

Summary of Quality Control Results for ESP Inlet and Outlet Anion Analyses

Summary of Quality Control Results for ESP Inlet and Outlet PAH Analyses

Summary of Quality Control Results for ESP Inlet and Outlet VOC Analyses

Summary of Quality Control Regults for ESP Inlet and Outlet Formaldehyde Analyses
Summary of Quality Control Results for ESP Inlet and Outlet Total and Hexavalent Chromium
Analyses

Summary of Quality Control Results for ESP Mercury Evaluation Test Analyses

Summary of Quality Control Resuits for Metals by ICP-AES, GFAAS and CVAAS in Fuel Qil
Summary of Quality Control Results for Metals by ICP-AES, GFAAS and CVAAS in Furnace
Hopper Ash

Summary of Quality Control Results for Chloride and Fluoride, in Furnace Hopper Ash
Summary of Quality Control Results for PAH in Furnace Hopper Ash

Fuel Oil Analysis of NIST Standard Reference Material 1634b.
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Table G-1
Summary of Quslity Control Results
for ESP Inlet and Outlet Metals Analyses

li e

1-MTLS-OUT
Element Method Sample Vatue Duplicate Value, RPD  Data Quality Objective Comments
ug/train ug/train for Duplicates

Arsenic ICP-AES NIX14) ND(14) - 10
Barium ICP-AES 117 120 25 10
Beryliium ICP-AES 43 42 24 10
Cadmium ICP-AES 4.5 47 43 10
Cobalt ICP-AES 74.7 T73.5 1.6 10
Copper ICP-AES 443 435 1.8 10
Lead ICP-AES 34.5 275 26 10 Docs not meet DQO
Manganese ICP-AES 376 36.9 19 10
Meroury

FHBH CVAAS 36 4.6 244 10 Does not meet DQO

KMnO4 CVAAS i3 1.2 8.0 10
Molybdenum ICP-AES 36.7 356 30 10
Nickel ICP-AES 2230 2190 18 10
Sclenium 1CP-AES NIXZ9) ND(29) - 10
Fhosphons WP-ALS 596 758 8.5 10
Vansdium ICP-AES 1790 1700 52 10
Spike Results

Lab blank 1-MTLS-OUT 1-MTLS-IN
Element Pre-digestion Post-digestion Pont-digestion Data Quality Objective Comments
% Recovery % Recovery % Recovery for Spikes

Anenic 134 MSA MSA -
Barium 96 3 14 75-125 1-MTLS-INOUT does not meet DQO
Beryllium 64 108 75-125 1-MTLS-OUT does not meet DQO
Cadmium 68 69 B4 75-125 1-MTLS-OUT does not meet DQO
Chromivm 84 NM 80 75-125
Cobalt 74 41 75 75-128 1-MTLS-OUT does not meet DQO
Copper 110 49 83 75-128 1-MTLS-OUT does not meet DQO
Lead 929 NM 21 75-12% 1-MTLS-IN docs not meet DQO
Mangancse 83 52 81 75-125 1-MTLS-OUT does not meet DQO
Mercury

FH/BH NP 103 NP 75-125

KMnO4 NP NP %4 75-125
Molybderm, 85 48 83 75-125 1-MTLS-OUT does not mect DQO
Nickel 71 48 81 75-125 1-MTLS-OUT does not meet DQO
Seleaium 3s 1024 NP 75-125
Phosphorus NP 114 NP 75-124
Vanadium 80 0 101 75-125 1-MTLS-OUT does not meet DQO
Notes:
RPD- relative peroent difference

MSA= method of standard additions chosen duc to poor spike recovery.
NM=not measprable. Spike concentration to low to measure.
NP= not performed
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Table G-1 (continued)
Summary of Quality Control Results
for ESP Inlet and Qutlet Metals Analyses

Laboratory Check Standards Results

Initial
Element Calibration Continuing Calibration Data Quality Objective
% Recovery % Recovery for L.CS

Arsenic MSA MSA MSA -
Barnum 1019 96.2 0955 90-110
Beryllium 101.5 958 949 90-110
Cadmium 103.3 98.0 98.0 90-110
Chromium 105.4 104.8 104.1 90-110
Cobalt 104.5 99.4 100.2 90-110
Copper 101.8 95.3 96.2 90-110
Lead 100.8 78.7 - 90-110
Manganese 104.0 986 97.8 90-110
Mercury

FH/BH 890 96.3 - 80-120

KMnO4 100.1 923 - 80-120
Molybdenum 96.6 94 8 93.5 90-110
Nickel 106.6 993 991 90-110
Selenium MSA MSA MSA -
Phosphorus 97.6 109.3 109.2 90-110
Vanadium 997 94.4 91.8 90-110
Correlation Coefficients for MSA Data, R2
Sample ID Arsenic, R2 Seleniumn, R2 Data Quality Objective

for MSA
LAB BLANK 0.9990 0.9961 0.995
1-MTLS-IN 0.9981 0.8611 0.995
2-MILS-IN 0.9992 0.6200 0.995
3-MTLS-IN 0.9985 0.4001 0.995
FB-MTLS-IN 0.9971 0.9981 0.995
RB-MTLS-IN 0.9998 0.9999 0.995
1-MTLS-OUT 1.0000 0.9333 0.995
2-MTLS-OUT 0.9997 0.7963 0.995
3-MTLS-OUT 0.9984 0.9991 0.995
FB-MILS-OUT 0.9983 0.9541 0.995
RB-MTLS-OUT 0.9987 0.9997 0.995 —
Notes:
MSA= method of standard additions
The MSA data was not used where R2 <0.995. N
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Table G-2
Summary of Quality Control Results for
ESP Inlet and Outiet Particulate Analyses

—— — - — M —
Method Quality Data Quality Comments

Control Objective
Particulate Acetone Blank <=0.608 mg/ml meets EPA criterion of <=
EPA Method 5 0.008 mp/ml

Balance Calibration +/-0.0003 at >20 g NBS traceable weights

Check
+-0.0001 at <=20 g

e
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‘Table G-3
Summary of Quality Control Results for
ESP Inlet and Qutlet Anion Analyses

Sample Duplicate Results

Anion Sample value Duplicate value RPD Data Quality Objectives
mg/ mg/1 for Duplicates
Filter:
Chioride 0.618 0.552 11 15
Fluoride ND(0.3) ND(0-3) - 15
Phosphate ND(2) ND(2) - 15
Sulfate 15.593 15.901 2 15
Bicarbonate/
carbonate:
Chloride 0.317 0323 2 15
Fluoride ND(0.3) NIDX0.3) - . 15
Phosphate ND(2) ND(2) - 15
Sulfate 6.614 6.860 4 15
3% Peroxide
Chloride ND{0.5) NIX0.5) - 15
Fluoride NIX0.3) ND(0.3) - 15
Phosphate ND(2) ND(2) - 15
Sulfate 40.453 40.983 1 15
Spi Its
Anion Matrix Spike  Quality Control Objective Commeuts
% Recovery for Spikes
Filter:
Chloride 64 80-120 Does pot meet DQO
Fluonide 137 80-120 Does not meet DQO
Phosphate 50 80-120 Does not meet DQO
Sulfate 124 80-120 Does not meet DQO
Bicarbonate/
carbonate:
Chloride 91 80-120
Fluoride 122 80-120 Does not meet DQO
Phosphate 98 80-120
Sulfate 96 80-120
3% Peroxide
Chloride 98 80-120
Fluoride 9% 80-120
Phosphate 97 80-120
Sulfate 105 80-120
Notes:

RPD= relative percent difference; not used for species that were not detected.
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Table G-4 _
Summary of Quality Control Results for
ESP Inlet and Outlet PAH Analyses

kil

Duplicate Matrix Spike Results Data Quality

Blank Matrix  Blank Matrix RPD Objective for

Spike #1 Spike #2 Duplicates
Component ug ug
Naphthalene NA NA NA 50
Acenaphthylenc 026 0.25 39 50
Acenaphthenc 028 027 36 50
Fluorenc 025 0.25 0.0 50
Phenanthrene 028 029 35 50
Anthracenc 027 0.29 7.1 50
Fluoranthene 0.26 0.26 0.0 50
Pyrene 025 026 39 50
Benz(a)anthracene 025 026 39 50
Chrysene 027 028 36 50
Benzo(b)fluoranthene 024 024 0.0 50
Benzo(k)fluoranthene 028 033 16.4 50
Benzo(a)pyrene 028 028 0.0 50
Indeno(1,2,3-cd)pyrenc 026 024 80 50
Dibenzo(a,h)anthracene 027 027 0.0 50
Benzo(g h,i)perylene 028 027 36 50
2-Methvinaphthalenc NS NS NS -
7,12-Dimethylbenz(a)anthracenc NS NS NS -
3-Methyicholanthrene NS NS NS -
PAH Blank Matrix Spike Results Blank Matrix  Blank Matrix Data Quality
Spike #1 Spike #2 Average Objective

Component % Recovery % Recovery % Recovery for Spikes
Naphthalene NA NA NA 50-150
Acenaphthylene 104 100 102 50-150
Acenaphthene 112 108 110 50-150
Fluorene 100 100 100 50-150
Phenanthrenc 112 116 114 50-150
Anthracene 108 116 112 50-150
Fluoranthene 104 104 104 50-150
Pyrene 100 104 102 50-150
Benz(a)anthracene 100 104 102 50-150
Chrysene 108 112 110 50-150
Benzo(b)fluoranthene 96 26 96 50-150
Benzo(k)fluoranthene 112 132 122 50-150
Benzo(a)pyrene 112 112 112 50-150
Indeno(l,2,3-cd)pyrenc 104 96 160 50-150
Dibenzo(a h)anthracene 108 108 108 50-150
Benzo(g,h,i)perylene 112 108 110 50-150
2-Mcthylnaphthalenc Ns NS Ns -
7.12-Dimethylbenz(s)anthracene NS NS NS -
3-Methyicholanthrene NS NS NS -

RPD: Relative Percent Difference
NA: Not Availsble
NS: Not Spiked
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Table G-5
Summary of Quality Control Results for
ESP Inlet and OQutlet VOC Analyses

N —
le icate ts
Data Quality
Run#1 Run #2 R¥D Objective for
Component _ Sample ID ppb ppb Duplicates Comments
Benzene 1A-VOC-IN 0.26 0.24 80 20
1A-VOC-OUT 0.90 0.52 53.5 20 Does not meet DQO
1C-VvOC-0UT 0.78 1.07 314 20 Does not meet DQO
1D-VOC-OUT 0.87 0.56 434 20 Does not meet DQO
Toluene 1A-VOC-IN 8.65 7.29 17.1 20
1A-VOC-OUT 442 438 13 20
1C-VOC-0OUT 18.1 18.2 0.6 20
1D-VOC-OUT 6.68 6.41 4.1 20
Matrix Spike Results Data Quality
Expected Measured Objective for
Component Sample ID Value Vaiue % Recovery spikes
Benzene 1A-VOC-OUT 40.2 39.1 97.3 70-130
Toluene 1A-VOC-OUT 746 "75.1 - 100.7 -— 70-130 - -
I
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Table G-6

Summary of Quality Control Results for
ESP Iniet and Outiet Formaldehyde Analysis

L P
Sample Duplicate Results
Data Quality
Sample Duplicate Objective
Sample ID ug/sample ug/sample RPD for Duplicates
2-2-FB-IN 1.30 1.35 38 10
2B-FORM-IN - 1.20 1.20 0.0 10
2C-FORM-IN 1.17 1.12 44 10
2B-FORM-OUT 3.43 342 0.3 10
Spike Results Data Quality
Expected Measured Objective for
Field Spikes: Value Value % Recovery Spikes Comments
Inlet 50 104 208 60-140 Does not meet DQO
Cutlet 5.0 8.0 160 60-140 Does not meet DQO
Trip Spike 50 5.9 s 60-140
DO NOT CITE OR QUOTE
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Table G-7
Summary of Quality Control Results for ESP Inlet and Outlet
Total Chromium and Hexavalent Chromium Analyses

s o —

Duplicate Analysis Result

Sample ID Sample Duplicate

6-OUT-CR ug/ml ug/ml RFD

Chromium (VI) ND<0.0015 ND<0.0015 -

EPA Audit Spike is ts

Sample ID Expected Measured Data Quality
valye value % Recovery Objective

Cr(VI) Spike _ug ug for Spikes

5-IN-CR i2 i4.0 117 20-120

5-0UT-CR 12 12.3 107 30-120

Lab Check Standard Results

Samptle ID Expected Measured Data Quatity
value value % Recovery  Objective for LCS

_ ug/mi ug/ml

QC1

Total Chromium 1.00 0.977 97.7 95-105

Chromium (VI) 0.0100 0.0100 100 95-105

QC2

Total Chromium 1.00 0.987 98.7 95-105

Chromium (VI) 0.0100 0.0104 104 95-105

QC3

Total Chromium 1.00 0.996 99.6 95-105

Chromium (VI) - - - -

SRM WP481

Total Chromium 0.0522 0.0510 97.7 95-105

SRM WP481

Total Chromium 0.0522 0.0520 99.6 95-105
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Table G-8

Summary of Quality Control Results for

Mercury Evaluation Tests Analyses

|

Brooks Rand Method
Mercury concentrations, ug/m3
Parameter Hg (total) Hg (II) Hg(0) MMHg Probe
Reagent Blank - 0.022 0.052 0.002 0.0001
SD - 0.013 0 0.001 -
N - 3 3 3 1
Fuel oil replicate #1 replicate #2 replicate #3 mean SD
Analysis (10/92); ng'g ng/g ng/g
11 11 04 0.87 0.40
Fuel Oil Spike Expected Measured % Recovery Data Quality
Analysis: Value Value Objective
ng/g nglg for Spikes
48.47 48.2 99.4 75-125
Multimetals Method
Data Quality
Sample ID Sample Duplicate RPD Objective
5-0UT-HG ug/fraction ug/fraction for LCS
KMnO4 fraction ND<0.26 ND<0,26 NC 10
front/back-half 1.1 ND< 1.1 NC 10
Matrix Data Quality Data Quality
Spike Objective LCS Objective
% Recovery for Spikes % Recovery for LCS
KMnO4 fraction 94 75-125 100.1 75-125
imntlback-half 94 75-125 96.9 75-125
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Metals by ICP-AES, GFAAS and CVAAS in Fuel Oil

Duplicate Analtysis Results

Table G-9
Summary of Quality Assurance Results for

fuel oi] 7/16/92
Method Sample Value Duplicate Value RPD Data Quality Objective Comments
ug/g ug/g % for Duplicates
Arsenic GFAAS 0.008 0.019 T2 10 Does not meet DQO
Berivm ICP-AES 21 13 47 10 Does not meet DQO
Beryllium ICP-AES 0.053 0.054 24 10
Cadmium ICP-AES 0.01 0.01 0.2 10
Chromium ICP-AES 0.22 0.2 6.2 1¢
Cobalt ICP-AES 1.2 12 3.2 10
Copper ICP-AES 0.69 0.69 0.2 10
Lead ICP-AES 037 039 42 10
Manganese ICP-AES 031 0.24 0.24 10
Mercury CVAAS 0.20 0.04 139 10 Doces not meet DQO
Molybdenum ICP-AES 0.24 0.24 09 10
Nickel ICP-AES 395 387 23 10
Selenium GFAAS ND <0.005 ND <0.005 - 10
Phosphorus ICP-AES 167 125 28.5 10 Does not meet DQO
-Vanadijum - ~ICP-AES 220 .20 0.1 10
Spike Results
fuel oil 7/16/92
Post-digestion  Data Quality Objective Comments
% recovery for Spikes
Arsenic 48 75-125 Does not meet DQO
Barium 85 75-125
Beryllium 84 75-125
Cadmium 82 75-125
Chromium 77 75-125
Cobalt 75 75-125
Copper 80 75-125
Lead 80 75-125
Manganese 83 75-125
Mercury 22 75-125 Does not meet DQO
Molybdenum £3 75-125
Nicke] NM 75-125 Does not meet DQO
Selenium 0 75-125 Doces not meet DQO
Phosphorus 107 75-125
Vanadium NM 75-125 Does not meet DQO
(continued)
NM= not meaningful, It is likely that the sample was not spiked for V or Ni.
PRELIMINARY DO NOT CITE OR QUOTE




Table G-9 (continued)

Summary of Quality Assurance Results for
Metals by ICP-AES, GFAAS and CVAAS in Fuel Oil

Laboratory Check Stapdards Results

nitial
Element Calibration Contimuing Calibration Data Quality Objective
% Recovery % Recovery for LCS
Arsenic 104.9 110.1 NP 90-110
Barium 101.4 102.2 101.2 90-110
Beryllinm 98.3 100.1 99.5 90-110
Cadmium 101.5 - - 90-110
Chromium 106.3 1064 105.2 $0-110
Cobalt 103.7 103.7 103.4 90-110
Copper 102.8 102.7 101.4 90-110
Lead 993 - - 90-110
Manganese 104.1 - 100.2 90-110
Mercury 109.4 101.3 100.2 80-120
Molybdenum 96.1 98.8 97.4 90-110
Nickel 105.1 105.2 105.0 90-110
Selenium 102.7 92.0 NP %0-110
Phosphorus 101.8 105.7 NP 90-110
Vanadium 100.4 99.5 97.8 90-110
Sulfur Expected Measured % Recovery Data Quality Objective
Value, % Value, % for LCS
0.5 0.498 99.6 90-110
1.48 1.470 99.3 90-110
2.04 2.04 100.0 %0-110
3.12 3.18 101.9 90-110
[ i M ]
Notes:
NP=mot performed
Sulfur per LECO 5C 132
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Metals by ICP-AES, GFAAS and CVAAS in Furnace Hopper Ash

Table G-10
Summary of Quality Assurance Results for

Duplicate Analysis Results

Bottom Ash
7/21/92 Method Sample Value Duplicate Value  RFD Data Quality Objective Comments
ug/g _ug/g % for Duplicates
Arsenic GFAAS 138 152 94 10
Barium ICP-AES 185 168 94 10
Beryllium ICP-AES 56.8 56.1 1.3 10
Cadmium ICP-AES 4.8 35 302 10 Doces not meet DQO
Chromium ICP-AES 296 214 321 10 Does not meet DQO.
Cobalt ICP-AES 521 441 16.7 10 Does not meet DQO
Copper ICP-AES 378 250 40.7 10 Does not meet DQO
Lead ICP-AES 166 137 19.5 10 Does not meet DQO
Mangancse ICP-AES 641 650 13 10
Mercury CVAAS ND<0.1 - - 10
Molybdenum ICP-AES 344 357 3.7 10
Nickel ICP-AES 15800 16000 1.6 10
Sclenium GFAAS ND<2.5 25 - 10
Phosphorus ICP-AES 1570 - “NP- - 10 —
Vanadivm ICP-AES 24900 24200 29 10
Duplicate Analysis Results
Blank spike
Blank spike Duplicate RFD Data Quality Objective Comments
ppm Ppm for Dupiicates
Arsenic 1713 1713 0 10
Barium 1898 1920 12 10
Beryllium 54.8 559 2 10
Cadmium 523 495 55 10
Chromium 196.8 205 4.1 10
Cobalt 444 8 4559 25 10
Copper 230.8 2355 2 10
Lead 514.8 4526 129 10 Does not meet DQO
Mangancse 4996 5042 09 10
Mercury 0.428 0419 19 10
Molybdenum 382 378.6 09 10
Nickel 493.4 4986 1 10
Selenium 181.7 181.7 0 10
Phosphorus 8825 9163 38 10
Vanadium 463.3 4654 0.5 10
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Table G-10(continued)
Summary of Quality Assurance Results for
Metals by ICP-AES, GFAAS and CVAAS in Furnace Hopper Ash

I N

Spike Results Average Data Quality Objective

Blank Spike for Spikes

% recovery
Arsenic 106 75-125
Barium 95.5 75-125
Beryliium 110.7 75-125
Cadmium 101.8 75-125
Chromium 100.5 75-125
Cobalt 90.1 75-125
Copper 93.3 75-125
Lead 96.8 75-125
Manganese 100.4 75-125
Mercury 106 75-125
Molybdenum 95.1 75-125
Nickel 99.2 75-125
Selenium 113 75-125
Phosphorus 90.0 75-125
Vanadium 92.9 75-125

Note: matrix spike recovery data is unavailable for ICP-AES results
due to the high levels of metals relative to the spike level,
The results of a pre-digestion laboratory method blank spike are presented here.
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Table G-11
Summary of Quality Control Results for
Chloride and Fluoride in Furnace Hopper Ash

S — R

Dupljcate Analysis Results

Spike Analysis Results

Data Quality
Species Sample Duplicate RPD Matrix Spike Objective = Comments
ug/g ug/g % Recovery for Spikes
Chloride ND<250 ND<250 - 109 80-120
Fluonde ND<150 ND<150 - 65.1 80-120 Does not meet DQO
Table G-12
Summary of Quality Control Results for
PAH in Furnace Hopper Ash
L I ]
Duplicate Analysis Results
- —— R - — A - I Data Q“ah'ty -
Sample Duplicate RPD QObjective for
Component ug ug Duplicates
Naphthalene ND <0.01 ND <0.01 - 50
Acenaphthylene ND <0.01 ND <0.01 - 50
Acenaphthene ND <0.01 ND <0.01 - 50
Fluorene 0.02 0.02 00 50
Phenanthrene 0.27 0.23 16.0 50
Anthracene 0.029 0.018 46.8 50
Fluoranthene 0.012 0.013 8.0 50
Pyrene 0.096 0.087 9.3 50
Benz(a)anthracene ND <0.01 ND <0.01 - 50
Chrysene ND < 0.015 ND <0.01 - 50
Benzo(b)fluoranthene ND <0.01 ND <0.01 - 50
Benzo(k)fluoranthene ND <0.01 ND <0.01 - 50
Benzo(a e ND <0.01 ND <0.01 - 50
Indeno(1,2,3-cd)pyrene ND <0.01 ND <0.01 - 50
Dibenzo{a h)anthracene ND <0.01 ND <0.01 - 50
Benzo(g,b, i)perylene ND <0.01 ND <0.01 - 50
2-Methylnaphthalene 0.013 0.017 267 50
7,12-Dimethylbenz(a)anthracene ND <0.005 ND <0.005 - 50
3-Meﬁ121cholanthm1e ND <0.005 ND <0.005 - 50
(continued)
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Table G-12(continued)

Summary of Quality Control Results for
Analyses of PAH in Furnace Hopper Ash

Data Quality
Internal Recoveries, % Method Bottom Ash Duplicate Average Objective for
_(added pre-extraction) Blank 7721/92 721192 Spikes
Napthalene-2H8 50 50 73 62 50-150
Acethenapthylene-2H8 80 68 76 72 50-150
Acenapthene-2H10 80 78 88 83 50-150
Fluorene-2H10 85 85 95 90 50-150
Phenanthrene-2H10 90 97 100 99 50-150
Anthracene-2H10 84 60 n 66 50-150
Fluoranthenc-2H10 83 140 130 135 50-150
Pyrene-2H10 92 100 100 100 50-150
Benz(a)anthracenc-2H12 83 130 120 125 50-150
Chrysene-2H12 87 126 120 120 50-150
Benzo(b)fluoranthene-2H12 94 110 99 105 50-150
Benzo(k)fluoranthenc-2H12 100 110 110 110 50-150
Benzo(a)pyrene-2H12 91 92 85 8¢9 50-150
Indeno(1,2 3-c.d)pyrene-2H12 110 110 120 115 50-150
Dibenzo(a h)anthracenc-2H14 120 120 120 120 50-150
Benzo(g h,ijperylene-2H12 110 120 120 120 50-150
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' APPENDIX H
ANALYTICAL AND BLANK CORRECTION DATA
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This Appendix contains summary tables of the laboratory analysis results for the ESP inlet and
outlet gas, fuel samples and bottom ash samples. These tables indicate the analytical results obtained for
field blanks, reagent blanks and laboratory preparation blanks. Field blanks are a sampling train that is
set-up and recovered at the test site using the same procedure as an actual sample. In general, field
blanks are not used to correct the result but do indicate the level of the analyte present in the sample train
introduced by the recovery procedures. Reagent blanks are collected in the field and consist of reagents
and filters used for each sample train. Laboratory preparation blanks consist only of the chemicals
needed to decompose and analyze the samples. All bianks are carried through the entire analytical
procedure. Corrections to the data for reagent or preparation blanks are noted. The blank correction
contribution is the percentage of an analyte that was subtracted from the original value. For a series of
tests the blank correction contribution is calculated as

i Amoun: .of blank correction 104 ]
Original sample value
n

n=]l

For example, the ESP inlet manganese result was corrected for the reagent blank of 9.2 pg. Raw data
for the test series was 120, 59 and 45 ug per train. The blank correction contribution is calculated as

-9—'2-x100+21100+2x100
120 59 45
3

or (1.7% + 15.6% + 20.4%)
3
or 14.6%

Blank corrections in no case bring the sample value below the reporting limit. Tables in this Appendix
include:

H-1  Trace Metals Analytical Results Summary
H-2  PAH Analytical Results Summary

H-3  Anion Analytical Results Summary

H-4  Particulate Analytical Results Summary
H-5 Formaldehyde Analytical Results Summary

H-6  Benzene and Toluene Anaiytical Results Summary
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H-3
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H-7  Total and Hexavalent Chromiur;n Analytical Results Summary
H-8  Mercury Evaluation Test Analytical Resuits Summary

H-9  Fuel Oil Analytical Results Summary

H-10 Bottom Ash Analytical Results Summary

H-11 Summary of Blank Corrections Made to Analytical Data
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EPR1E-10106/R016C374.T

TABLE H-5
FORMALDEHYDE ANALYTICAL RESULTS SUMMARY

SITE 112 ESP INLET AND OUTLET
iR R e e ]

Blank Correction
Sample 1.D. ug/Test Reagent Blank, ug Contribution Field Blank, pg
2A-Form-In 3.49 1.1 315% 4.13
2B-Form-In 3.54 1.1 31.1% 3.33
2C-Form-In 2.19 1.1 50.2% 6.62
Average: 37.6%
2A-Form-Out 2.19 1.1 50.2% 3.33
2B-Form-QOut 6.83 1.1 16.1% 4.83
2C-Form-Out 1.53 1.1 71.9% 4,05
Average: 46.1%
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TABLE H-6
BENZENE AND TOLUENE ANALYTICAL RESULTS SUMMARY

SITE 112 ESP INLET AND OUTLET
L

Sample 1.D. Benzene, ppb Toluene, ppb
1A-VOC-Inlet 0.25 7.97
1B-VOC-Inlet 0.32 3.97
1C-VOC-Inlet 0.25 436
1D-VOC-Inlet ND <0.15 3.7
1A-VOC-Outlet 0.71 4.5
1B-VOC-Qutlet 1.12 30.2
1C-VOC-Outlet 0.92 i8.2
1D-VOC-Outlet 0.72 6.54

e

Note: No blank corrections have been made to the results. No tedlar bag blanks were performed.
Laboratory blanks indicated no detectable benzene or toluene.
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TABLE H-7
TOTAL AND HEXAVALENT CHROMIUM ANALYTICAL RESULTS SUMMARY

SITE 112 ESP INLET AND OUTLET
i e e P e e e e

Total Chromium, Reagent Blank, Blank Correction
Sample [.D. Fraction pg/train pglteRin Coatribution
5-IN-CR KOH Filtrate 2.4 14.2 43.8%
HNO, Impinger 0.900 0.600 66.6%
HNO, Rinse 1.05 0.600 57.1%
Filtrant (filter) 27.8 0.600 2.16%
5-OUT-CR KOH Filtrate 17.2 11.80 19.6%
HNO, Impinger 1.30 0.600 46.1%
HNO, Rinse 1.25 0.600 48.0%
Filtrant (filter) 24.5 0.600 245%
6IN-CR KOH Filtrate 15.9 7.99 50.2%
HNO, Impinger 0.550 0.600® 54.5%
HNO, Rinse 0.400 0.600% 5%
Filtrant (filter} 16.6 0.600 361%
6-OUT-CR KOH Filtrate 13.4 8.32 62.1%
HNO, Impinger 0.300 0.600° 100%
HNO, Rinse 0.300 0.6007 100%
Filtrant (filter) 3.75 0.600 i6.0%
8-IN-CR KOH Filtrate ND <2.55% - 0.0%
. - HNO, Impinger ... . ND<4.92 - 0.600 . 0.0%
HNO, Rinse ND<1.77 0.600 T 0.0%
Filtrant (filter) 293 0.600 2.05%
8-OUT-CR KOH Filtrate ND<1.59 - 0.0%
HNO, Impinger ND «<3.24 0.600 0.0%
HNO, Rinse ND<1.50 0.600 0.0%
Filtrant (filter) 1.30 0.600 8.22%
Field Blank Inlet/Outlet KOH Filtrate ND <6.90
HNO, lmpinger ND <2.01
HNO, Rinse ND <1.50
Filtrant (filter) ND <3.00
————— /... _— — - —
Hexavalent Chromium, Reagent Blank,* Blank Correction
Sample L.D. Fraction pg/rain pgltrain Contribution
5-IN-CR KOH Filtrate 4.28 3.26 0.0%
$-OUT-CR KOH Filtrate ND<1.68 3.26 0.0%
6-IN-CR KOH Filtrate ND <0.89 3.26 0.0%
6-0UT-CR KOH Filtrate ND <0.83 3.26 0.0%
8-IN-CR KOH Filtrate ND<4.25 3.26 0.0%
8-OUT-CR KOH Filtrate ND<2.65 3.26 0.0%
Field Blank Inlet/Outlet KOH Fiitrate ND <1,15

Note:  Reagent blank not subtracted. Result at same level as reagent blank. The result was reported at the reporting limit
of (1) 3.37 pg/train and (2) 0.300 sg/train.
* Reagent blank not subtracted from results.
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TABLE H-8
MERCURY EVALUATION TESTS ANALYTICAL RESULTS SUMMARY
SITE 112 ESP OUTLET

| —

Hg Total Hg D) Hg(O) MMHg Probe

Brooks Rand Method, ng/train
(with blank corrections)

5-MIT/BR ND<2.1 ND <0.80 ND <0.80 0.60 -
6-BR ND<1.8 ND<0.70 ND <0.70 0.10 0.072
7A-BR ND<«<1.9 ND<0.70 ND «<0.70 0.50 0.072
7B-BR ND<1.8 ND<0.70 ND <0.70 0.40 0.037
Blanks - 0.88 2.08 0.08 0.004
sD - 0.52 0.000 0.04 -
MIT Method, ng/train (Hg Total)
(with blank corrections)
TA-MIT Blank™® 1746

7Al 34049

TA2 143+6
78-MIT

7B1 7543

7B2 31548

Multimetals Method, zg/train Hg Total®

5-O0UT-Hg 6-OUT-Hg 7-0UT-Hg Prep Blank
KMnO, ND«<0.26 ND<0.22 0.33 ND<0.22
front/back half 1.1 ND<«1.1 ND<«1.2 ND<1.1

RN e e o e
Note:
o The blank level of Hg is determined from a series of measurements on the lot of carbon used. The average
value was 17+6 ng Hg per cartridge.
@ Multimetals results are not blank corrected.
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(ICP-AES, GFAAS, CVFAS)

H-15

TABLE H-9
FUEL OIL ANALYTICAL RESULTS SUMMARY

SITE 112

EPRI1E-10106/R016C374.T

Laboratory  Blank Correction

Average

Trace Metals, pg/e 7/16/92 7717/92 7/18/92 Blank Contribution
Arsenic 0.008 ND <0.005 ND <0.005 ND <0.005 0.0%
Barium 2.1 2.3 3.6 0.40 15.9%
Beryllium 0.053 0.066 0.062 ND <0.002 0.0%
Cadmium 0.010 0.015 0.014 ND <0.005 0.0%
Chromium (total) 0.22 0.24 0.28 0.03 12.2%
Cobalt 1.2 1.4 1.3 ND <0.02 0.0%
Copper 0.69 0.68 0.67 0.05 7.3%
Lead 0.4 0.36 0.4 ND <(.3 0.0%
Manganese 0.31 0.33 0.49 0.07 18.6%
Mercury 0.20 0.10 0.06 0.12 69.0%
Molybdenum 0.24 0.25 0.23 ND < 0.01 0.0%
Nickel 40 42 40 0.08 0.2%
Phasphorus - — 17 - 16 - — .} ND <5 0.0%
Selenium ND < 0.005 ND <0.005 ND <0.005 ND <0.005 0.0%
Vanadium 22 26 25 0.05 0.2%
INAA
Trace Metals, pg/g 7/16/92 717192 7118192
Arsenic 0.059 0.070 NA
Barium 1.1 1.2 1.6
Cobalt 1.3 1.5 3.0
Chromium (total) 0.23 0.28 0.20
Mercury 0.0028 0.0043 0.011
Manganese 0.32 038 031
Molybdenum 0.13 0.15 0.12
Selenium 0.056 0.044 NA
Vanadium 24 33 24
Chlorine 30.0 340 25.0
(continued)
Note:  No blank corrections for INAA results
NA - Not avaijlable
PRELIMINARY DO NOT CITE OR QUOTE
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TABLE H-9 (continued)

EPRIE-10106/R016C374.T

FUEL OIL ANALYTICAL RESULTS SUMMARY

SITE 112
-
7116192 711792

% Water 0.04 0.04

% Carbon 85.87 85.85

% Hydrogen 10.03 10.06

% Nitrogen 0.50 0.43

% Sulfur 0.86 0.84

% Ash 0.01 0.05

% Oxygen {diff.) 2.69 2.73

% Chlorine 0.05 0.04
Fluorine, ug/g <10 <10
Higher Heating Valne 18,620 18,544

(btw/Ib)

CHROMIUM AND MERCURY EVALUATION TESTS

Composite for Hg, ne/g Cr, pg/e
7121-7/23/92
Brooks Rand 0.0009 _
MIT/INAA 0.015 0.64
ICP-AES/CVAAS
fuel sample 0.045 0.40
prep blank 0.12 0.07
Blank correction 0.0% 17.5%
contribution

Note: No blank correction available for composition or heating valize

Chlorine values by ASTM D 808
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TABLE H-10
BOTTOM ASH ANALYTICAL RESULTS SUMMARY
SITE 112

[N o o o o o -}
Metals ug/g 7121193

Arsenic 14

Barium 190

Beryllium 57

Cadmium 5

Chromjum (total) 300

Cobalt 520

Copper 380

Lead 93

Lead 170

Manganese 640

Mercury ND<0.1

Molybdenum 340

Nickel 16,000

Phosphorus 1,600

Selenium ND <3

Vanadium 25,000

PAH puglg

Species 7/24/93 Method Blank
Naphthalene ND < .01 ND < 0.005
Acenxphihyienc ND <001 ND<0.002
Acenaphthene ND«0.01 ND < 0.005
Fluorene 0.020 ND <0.005
Phenanthrene 0.25 ND <0.005

Anthracene - 0.024 = o ND<0.005 -
Fluoranthene 0.013 ND < 0.005
Pyrene 0.092 ND <0.005
Benz(a)anthracene ND<0.01 ND <0.005
Chrysene ND<0.015 ND <0.005
Benzo{b)fluoranthene ND <0.01 ND < 0.005
Benzo{k)fluoranthene ND<0.01 ND <0.005
Benzo{a)pyrene ND <0.01 ND < 0.005
Indeno(1,2,3-cd)pyrene ND <0.01 ND«0.01
Dibenzo(a,h)anthracene ND «0.01 ND <0.01
Benzo(g,h,i)perylene ND <0.01 ND<0.01
2-Methylnaphthalene 0.013 ND <0.005
3-Methylcholanthrene ND <0.005 ND <0.005
7,12-Dimethylbenz(a)anthracene ND <0.005 ND <0.005
Anions Bglg 7124193

Chloride ND <250

Fluoride ND <150

Phosphate ND <1000

Sulfate 4,900

% Sulfur 2.32%

Loss on Ignition 4.58%

NOTES: Metals results are not blank corrected.
PAH results are not blank corrected.
Anion results are not biank corrected.
Phosphate and sulfate results not used in report.
Phosphorus results were used from metals analysis.
Sulfur results from the LECO annlysis were used to calculate sulfate:
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TABLE H-11

EPRI1E-10106/R016C374.T

SUMMARY OF BLANK CORRECTIONS
MADE TO ANALYTICAL DATA

SITE 112
Sample Type Parameter Type of Blank Blank Correction
Correction Contribution
Exhaust Gas, ESP Inlet Arsenic None 0.0%
Barium Laboratory Blank 10.8%
Beryllium Reagent Blank 1.8%
Cadmium None 0.0%
Chromium Laboratory Blank 4.8%
Cobalt Reagent Blank 2.0%
Copper Reagent Blank 1.2%
Lead Laboratory Blank 41.7%
Manganese Reagent Blank 14.6%
Mercury - FH/BH None 0.0%
XMnO, Impinger Reagent Blank 26.8%
Molybdenum Reagent Blank 8.0%
Nickel Reagent Blank 0.1%
Selenium None 0.0%
Phospborus None 0.0%
Vanadiumn Reagent Blank 0.1%
Exhanst Gas, ESP Outlet Arsenic None 0.0%
Barium Laboratory Blank 21.1%
Beryllium None 0.0%
Cadmium None 0.0%
Chromium Laborztory Blank 09%
Cobalt Reagent Blank 4.4%
Copper Laboratory Blank 46%
Lead Laboratory Blank 40.4%
Manganese Reagent Blank 2.2%
Mercury - FH/BH None 0.0%
KMnO, Impinger None 0.0%
Molybdenum Reagent Blank 9.5%
Nickel Laboratory Blank 0.0%
Selenium Nope 0.0%
Phosphorus None 0.0%
Vanadium Laboratory Blank 0.3%
Exhaust Gas, ESP Inlet PAH (all species) None 0.0%
Exhaugt Gas, ESP Outlet PAH (all species) None 0.0%
(continued)
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TABLE H-11
SUMMARY OF BLANK CORRECTIONS
MADE TO ANALYTICAL DATA
SITE 112
Sample Type Parameter Type of Blank Blank Correction
Correction Contribution
Exhaust Gas, ESP Inlet Chloride (all sample train fractions) Nozne 0.0%
Fluoride (all sample train fractions) Noze 0.0%
Sulfate (all sample train fractions) None 0.0%
Phosphate (all sample train fractions) None 0.0%
Exhaust Gas, ESP Outlet Chloride (all sampie train fractions) None 0.0%
Fluoride (all sample train fractions) None 0.0%
Sulfate (all sample train fractions) None 0.0%
Phosphate (all sample train fractions) None 0.0%
Exhaust Gas, ESP Inlet Particulate Acetone reagent blank 1.0%
Exhaust Gas, ESP Outlet Particulate Acetone reagent blank 04%
Exhaust Gas, ESP Inlet Formaldehyde Reagent blank 37.6%
Exhaust Gas, ESP Outlet Formaldehyde Reagent bisnk 46.1%
_Exhanst Gas, ESP Inlet Benzene and Toluene None 0.0%
Exhaust Gas, ESP Outlet Benzene and Toluene None - 0.0%
Exhaust Gas, ESP Inlet Total Chromium
KOH Filtrate Reagent blank 31.3%
HNO, impinger Reagent blank 40.4%
HNO, rinse Reagent blank 44.0%
Fiiter Reagent blank 2.61%
Exhaust Gas, ESP Outlet Total Chromium
KOH Filtrate Reagent blank 27.2%
HNO, impinger Reagent blank 48.7%
HNO, rinse Reagent blank 49.3%
Filter Reagent blank 8.89%
Exhaust Gas, ESP Inlet Hexavalent Chromium None 0.0%
Exhsust Gas, ESP Outlet Hexavalent Chromium None 0.0%
(continued)
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TABLE H-11

SUMMARY OF BLANK CORRECTIONS
MADE TO ANALYTICAL DATA

EPR1E-10106/R016C374.T

SITE 112
Sample Type Parameter Type of Blank Blank Correction
Correction Contribution

Exhaust Gas, ESP Outlet Mercury Evaluation

1. Brooks Rand Reagent blank Data received was
blank corrected
2. MIT Reagent blank Data received was
blank corrected

3. Multimetals None 0.0%

Fuel Oil (ICP, GFAAS, CVAAS) Arsenic None 0.0%
Barium Laboratory blank 15.0%
Beryllium Noae 0.0%
Cadmium None 0.0%
Chromium Laboratory blank 12.2%
Cobalt None 0.0%
Copper Laboratory blank 7.30%
Lead None 0.0%
Manganese Laboratory blank 18.6%
Mercury Laboratory blank 69.0%
Molybdenum None 0.0%
Nickel None 0.0%
Selenium Laboratory blank 0.2%
Phosphorus None 0.0%
Vanadium None 0.2%

Fuel Oil (INAA) Arsenic None 0.0%
Barium None 0.0%
Cobalt None 0.0%
Chromium None 0.0%
Mercury None 0.0%
Mangapese None 0.0%
Molybdenum None 0.0%
Selenium None 0.0%
Vanadium None 0.0%

Bottom Ash Metals None 0.0%

Bottom Ash PAH None 0.0%

Bottom Ash Anions Noene 0.0%

Bottom Ash 101 None 0.0%

e © o S
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