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March 21, 1994

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

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

Dear Mr. Maxwell:

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

This site report presents a preliminary summary of data gathered during a
sampling program conducted at one of the FCEM sampling programs - Site 20.
Site 20 consists of a 680 MW pulverized coal-fired boiler burning a lignite coal,
with an electrostatic precipitator (ESP) for particulate control and a wet-
limestone flue gas desulfurization (FGD) system for SO; control. In the Site 20
sampling and analytical program, mercury speciation measurements were
conducted using the Nick Bloom/Frontier Geoscience's solid sorbent speciation
train. Recently, it was determined that the analytical recovery procedure could
lead to the formation of methyl Hg. This recent finding affected the methyl Hg
results at Site 20 as well as all previous field sites by EPRI and other
organizations. The methyl Hg measurements are considered invalid and are
not included in this report. The methyl Hg and the Hg*2 are summed together
to obtain a total oxidized Hg. At this time, EPRI is not able to quantify methyl
Hg in flue gas. EPRI is following up with additional studies to evaluate this
analytical artifact.

It should be noted that the results presented in this report are considered
PRELIMINARY. The results are believed to be essentially correct except as
noted. As additional data from other sites are collected and evaluated,
however, 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). '

Headquarters: Breﬂmnauy Post Office Box 10412, Palo Alto, CA 94303, USA e (415) ssE3@dN Qtefmbemm%m-. (415) 855-2954
Washington Office’ 2000 L Street, NW, Suite B0S, Washington, DC 20038, USA e (202) 8728222 e Fax: (202) 296-6040




The primary objective of this report is to transmit the preliminary results from
Site 20 to the EPA for use in evaluating select trace chemical emissions from
fossil-fuel-fired steam generating plants. In addition to the raw data inthe -~
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. Because the discussion only focuses
upon the suspect or invalidated data, please keep in mind that most of the data
meet the standards of quality established for this study. This report does not
compare the results from Site 20 with the results from previous utility sites.
Generic conclusions and recommendations were not drawn concerning the
effectiveness of an ESP or wet FGD system as potential control technologies for
trace elements; 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,

[ Yoale s

Paul Chu
Manager, Toxic Substances Characterization
Environment Division
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7

INTRODUCTION

This report summarizes field data gathered during June 1993, by Radian Corporation at
a power plant designated as Site 20. The Electric Power Research Institute (EPRI)
sponsored this effort as part of its Field Chemical Emissions Monitoring Project (FCEM,
RP-3177). The primary objective of this project is to measure the concentrations of
selected inorganic and organic substances in power plant process and discharge streams.
The data are being used to determine the fate and control of these substances.

The primary objectives of this report are to summarize fuel and gas concentration data
for Site 20 and to evaluate these data according to the criteria outlined below. The
concentration data are in a format suitable for use by the U.S. Environmental Protection
Agency to study emissions from fossil-fuel-fired power plants, as mandated by the Clean
Air Act Amendments of 1990,

Site 20 has an opposed wall-fired boiler and burns medium-sulfur lignite coal. Emissions
are controlled by an electrostatic precipitator (ESP) and a wet-limestone flue gas
desulfurization (FGD) system.

Test Objectives
The four major objectives for testing at Site 20 were to:

¢ Measure the emissions from a lignite-fired power plant equipped with an ESP/wet
FGD system.

¢ Measure the emission control efficiency of a wet FGD system on a lignite-fired power
plant.

¢ Collect size-fractionated fly ash from a lignite-fired power plant. The various size
fractions may be analyzed for trace element concentrations-in the future.

¢ Compare two methods for determining mercury concentrations in flue gas. This
effort compared the EPA multi-metals method (Draft Method 29) with the mercury
speciation method developed by Frontier Geosciences.

The first three objectives address the lack of information available for describing trace
element emissions from lignite-fired power plants. These objectives are important
because a significant number of plants burn lignite coal. The last objective is important
because previous comparisons at different sites have shown fairly good agreement

1-1
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Introduction

between the total flue gas mercury concentrations as determined by EPA Method 29 and
by the mercury speciation method. The data from Site 20 augments the comparison
between these two methods.

Table 1-1 lists the substances of interest to the FCEM project. A subset of these
substances was chosen for study at Site 20 (i.e., no organic substance concentrations were
determined).

Process Operation

The unit operated at high, steady load during each test run, although an upset in the
ESP operation occurred during the second day of testing. Also, for all tests, the FGD
system treated more gas than it does in normal operation because no flue gas was
bypassed around the FGD system when FCEM testing was in progress (the normal
operation is to bypass some gas around the FGD system while still complying with the
SO, emission regulations). The impact of these operations is minimal with respect to the
measurement results. Both of these topics and the impacts on test data are discussed in
Section 4. By all other indicators, process operation during testing was representative of
~normal operation for this unit. '

Sampling and Analysis Protocol

Appendix A describes the sampling and analysis protocol for Site 20. The methods used
are comparable to those used at other FCEM sites sampled by Radian, with the
following exceptions:

¢ In addition to ICP-AES analysis (employed at other FCEM sites), flue gas samples
were analyzed for chromium and nickel using GFAAS.

o The reported selenium concentrations in the flue gas streams were based on samples
analyzed by ICP-MS, instead of GFAAS (as was employed at other FCEM sites).

Quality Assurance/Quality Control (QA/QC)

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 20 indicate that the samples are
well characterized. An evaluation of the accuracy, precision, and bias of the data, even if
only on a qualitative level, is considered to be an important part of the data evaluation.
A full discussion of each of these components can be found in Section 4.

Standard QA/QC checks for this type of sampling program involve the use of;

1) replicate tests, duplicate field samples and lab analyses, and matrix spike and lab
control duplicates to determine precision; 2) matrix spikes, surrogate spikes, and
laboratory control samples to determine accuracy; and 3) field blanks, trip blanks,
method blanks, and reagent blanks to determine if any of the samples were

1-2
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Table 1-1
FCEM Substances of Interest

| Elements Organic Compounds

Introduction

|

Arsenic Benzene®
Barium Toluene *
Beryllium Formaldehyde*
“_Cadmium Polycyclic Organic Matter (POM)*®

Chlorine (as chloride)

Chromium

Cobalt

Fluorine (as fluoride)

Lead

Manganese

Mercury

Molybdenum

Nickel

Phosphorus

Selenium

Vanadium

|

*Not measured at Site 20.

b Also referred to as semivolatile organic compounds. Includes polynuclear aroqlzitic hydrocarbons (PAHs).

Preliminary
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introduction

contaminated during collection or analysis. Most of these standard QA/QC checks were
used on samples from Site 20, except for surrogate spikes (which do not apply to metals
and anions analyses) and the duplicate analysis of samples. The absence of any of these
"standard” quality control checks does not necessarily reflect poorly on the quality of the
data but does limit the ability to measure the various components of measurement error.

Data Quality

The QA/QC results were compared to the data quality objectives shown in Section 4.
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. Based
on the detailed information presented in Section 4, the following conclusions can be
made:

e Arsenic concentrations in the coal may be biased low. The measured concentration
for a certified coal was only 43% of the certified value.

e Cobalt concentrations in the coal may be biased high. The measured concentration
__for a certified coal was 193% of the certified value.

¢ Selenium QA/QC data for impinger solutions exhibited poor precision and accuracy
for GFAAS analyses. Therefore, the ICP-MS data were used to report selenium
concentrations in the gas streams and to calculate the selenium emission factors and
material balance closures.

¢ The validity of the mercury speciation data is suspect. Frontier Geosciences has
stated that all reported values for methyl mercury are biased high and may in fact be
ionic mercury.

Report Organization

Section 2 of this report describes the plant and the sample locations. Section 3 presents
the concentration data for the coal and gas streams. Section 4 discusses the QA/QC and
engineering evaluations of the data. Section S presents additional data. Section 6
presents example calculations, and a glossary of terms is provided in Section 7. The
appendices contain information on sampling and analytical methods, stream concentra-
tions, sampling data, error propagation equations, and detailed QA/QC data.

14
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2

SITE DESCRIPTION

The FCEM project has a policy of assigning a site code to each plant sampled. The
plant discussed in this report was designated Site 20. This section describes the test site
and the sampling locations.

Facility Information

Site 20 has one lignite-fired boiler with a normal full-load value of 680 MWe. The wall-
fired, sub-critical, drum-type boiler was designed by Babcock and Wilcox and began
operation in the mid-1980s. The furnace consists of a single chamber with no partition.
Table 2-1 summarizes the unit design values.

Figure 2-1 presents a process flow diagram of Site 20. The plant burns lignite coal from
a nearby mine. The lignite has typical ash, moisture, and sulfur levels of 11, 33, and
1.3%, respectively. Bottom ash is removed from the boiler by an ash sliicing system,
and electrostatic precipitators (ESPs) remove fly ash from the flue gas. The plant has a
FGD system that removes approximately 90% of the sulfur dioxide (SO,) from the flue
gas. The flue gas treatment and solids handling facilities are described in greater detail
below.

Flue Gas Treatment Facilities

Site 20 is equipped with two parallel cold-side ESPs that have weighted-wire discharge
electrodes. The collection plate spacing is 9 inches and the plate height is 36 feet. The
design specific collection area (SCA) is 544 f2/10° acfm. The ESP outlet gas streams
pass through induced draft fans (two fans total) before they are combined, just down-
stream of the fans. Most of the combined gas enters the FGD system, but a fraction is
bypassed around the FGD system. The normal operation of the plant is to bypass as
much gas as possible, while still meeting its required SO, emission limits. During FCEM
testing, the plant operated with essentially no flue gas bypass, based on energy and
material balance calculations using flue gas temperatures and SO, concentrations. The
impacts of operating without flue gas bypass are discussed in Section 4.

The FGD system (Figure 2-2) is a dual-loop system that uses limestone slurry for
reagent. Emulsified sulfur and ethylene-diamine-tetra-acetic acid (EDTA) are added to
the system to control the sulfite oxidation to about 15 percent. The emulsified sulfur is
added to the limestone slurry storage tank once every one to three days at a rate
required to maintain a dissolved thiosulfate (S,0;") concentration of about 2,000 ppm in
the FGD liquor. The EDTA is normally added once a month, at a rate calculated to

2-1
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Site Description

Table 2-1
Site 20 Summary

» — 1
" Maximum gross electrical output (MW) 720 (normal full load = 680)
Boiler type Opposed wall-fired, subcritical
Boiler additives None
Fuel type Lignite
Fuel sulfur content (avg. % S, as received) 13
Fuel ash content (avg. %, as received) 11
Fuel heating value {avg. Btu/lb, as received) | 6,760
Particulate controls Cold-side ESPs
| ESP design efficiency (%) 99.75
ESP design SCA (ft? /kacfm) 544
__|. SOy flue gas conditioning None - L
SO, emission Limits (ib/10° Btu) 12
SO, controls® Wet limestone FGD
Dual-loop, UOP designed
Inhibited oxidation
Sulfur addition to form S, 0,
. EDTA addition®
Number of FGD modules 4°
Gas/module (acfm) 660,000
Module design efficiency (%) 9%
Fly ash disposal Landfill
Bottom ash disposal Pond
Bottom ash sluice water source Bottom ash pond
l Cooling water system Once through
Cocling water source Lake _

*No EDTA was added to the system during FCEM testing.

*Dibasic acid (DBA) was present in all FGD system modules during FCEM testing.

2-2
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Site Description

maintain 20 ppm in the FGD liquor. No EDTA was added to the system during FCEM
sampling activities. Dibasic acid (DBA), an additive for improving SO, removal, was
present at significant concentrations during FCEM testing. The presence of DBA in the
FGD system was not typical for Site 20, but it is doubtful that the DBA affected the test
data because the removal of trace metals by the FGD system should not be affected by
the increased liquid-phase alkalinity caused by the presence of DBA (i.c., the removal of
trace metals does not depend on the liquid-phase alkalinity). Radian sampled the FGD
system to document the DBA levels during the field testing effort. The DBA concentra-
tion during the test period was nominally 400 ppm (Section 5).

The FGD system consists of four absorber modules, each of which treats 660,000 acfm of
flue gas. All four modules are required when the boiler operates at full-load conditions.
The design L/G’s are 17 and 35 gal/kacfm for the upper and lower loops, respectively.
The system has 4 reaction tanks: two for the upper loops and two for the lower loops.
Each reaction tank is shared by two absorber modules.

Solids Handling Facilities

Lignite coal is excavated from a nearby mine and trucked to the plant site. The plant
has seven coal bunkers, which feed the’coal pulverizers. The residence time downstream
of the bunkers is insignificant (seconds) compared to the residence time in the coal
bunkers (12 hours).

FGD solids are dewatered only at night. That is, the FGD system’s thickener underflow
is stored during the day shift and dewatered at night using rotary vacuum filters.

Dry fly ash collected by the ESPs is pneumatically conveyed to an ash silo on a continual
basis. At night, the ash is removed from the silo and blended with the FGD filter cake
solids. The blended material is sent to an on-site landfill for disposal.

Bottom ash is removed from the boiler and intermittently sluiced to a bottom ash
disposal pond. The shicing water supply comes from the bottom ash pond. The ash
pond water is made up with rainwater or with water from a nearby lake when necessary.

Sampling Locations

Samples were collected at several locations in the plant. These locations are identified
on the process flow diagram, Figure 2-1. Brief descriptions of each sampling location are
given below:

e Coal composite samples were collected from four of the seven coal bunkers at a
location near the coal mills. The coal obtained at this location was considered to be
more representative than the daily composite coal sample obtained by the plant
because of the long residence time in the coal bunkers. Individual coal samples were
collected every two hours during each test. These samples were combined to form
the composite coal sample for the test.

2-5
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All
the

Flue gas exiting the ESPs was sampled from a horizontal duct located just down-
stream of the induced draft fans and FGD bypass takeoff ductwork.

Flue gas was also sampled at the stack at a location well downstream of where the
FGD outlet gas combines with the FGD bypass gas.

Bottom ash that had accumulated in the boiler during testing was sampled from the
discharge of the sluice pipe during the evening sluicing event.

Fly ash samples were collected from the outlet of the screw conveyor that empties the
fly ash silo.

FGD solids were collected as the FGD filter cake fell off the rotary drum vacuum
filters onto a conveyor belt, during the FGD solids dewatering procedure.

FGD makeup water samples were collected from a tap at a location near the
entrance to the FGD system.

FGD liquor samples were collected from each of the two lower loop-reaction tanks:: —

of the above sampling locations should have allowed for representative sampling of
Site 20 process streams. Appendix A presents the procedures for collecting,

pretreating, and analyzing the samples.

2-6
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3

RESULTS

This section presents the trace substance concentration data for the process streams
sampled at Site 20. Additional data for mercury speciation and particle size distribution
appears in Section 5. Sampling, preparation, and analytical methods are summarized in
Appendix A and detailed analytical data can be found in Appendices B and C.

Before the concentration data are discussed, the sampling schedule and the data
treatment conventions are described.

Sampling Schedule

Site 20 was sampled in June 1993. Four types of flue gas sampling trains were used to
collect samples from the ESP outlet and stack gas streams. The gas streams were
traversed with the multi-metals and anions sampling trains; single-point sampling was
used for the mercury speciation and particle size distribution (PSD) sampling trains. All
trains were operated within acceptable limits for isokinetic conditions.

Figures 3-1 and 3-2 present the collection time periods for the flue gas and process
samples, respectively. Bad weather interrupted gas and process sampling for about three
hours on'6/10/93 (Run 3) and interfered with bottom ash sampling on 6/11/93 (Run 4).
Test data were not adversely affected by these two weather episodes.

Data Treatment

Several conventions were developed for treating FCEM test data and developing average
concentrations of the target species in the various streams. To determine the total gas
concentration for each run, both the solid and vapor phase contributions were consid-
ered. However, the absence of some detectable (above the method detection limit)
concentrations in either (or both) phase(s) required conventions for dealing with these
data. These conventions are summarized below.

For each substance, there are three possible combinations of vapor and solid phase
concentrations in the gas stream. These are:

Case 1: The concentrations in both the solid and vapor phases are above the detec-
tion limits.

3-1
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Results

Case 2: The concentrations in both the solid and vapor phases are below the
detection limits.

Case 3: The concentration in one phase is above the detection limit, and the
concentration in the other phase is below the detection limit.

For constituents of interest other than HCl, HF, and mercury, the flue gas stream data
from previous studies of coal-fired power plants have indicated that most of the material
is present in the solid phase and that only a small fraction is generally found in the vapor
phase. Thus, the following conventions were selected for defining the total gas stream
concentrations for analytes other than HCl, HF, and mercury:

For Case 1, the total concentration is the sum of the concentrations in the vapor and
solid phases.

For example, the total selenium concentration in the ESP outlet gas for Run 3 is
calculated as follows:

__Se in solid phase = 77ug/Nod
Se in vapor phase = 723 ug/Nm?’
Total Se in the ESP outlet gas = 800 ug/Nm’

For Case 2, the total concentration is considered to be the detection limit in the solid
phase. (This case is not represented by the data for the FCEM target species at Site 20).

For Case 3, the total concentration is considered to be the one above the detection limit,
regardless of which phase this represents.

For example, the arsenic concentration in the stack gas is calculated as follows for
Run 2:

As-in solid pbase = 0.86 pg/Nm>
As in vapor phase = ND (0.13 ug/Nm?)

where ND(0.13) ug/Nnr indicates that the analytical result was below the detection
limit of 0.13 pg/Nm?3 1.

Total As in the stack gas = 0.86 pg/Nmr®

Detection limit is defined as: Method detection Iimit (per 40 CFR Part 136, Appendix B) multiplied by
sample specific dilution and digestion factors.

3-4 _
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The above conventions agree with guidance provided by EPA (Technical Implementation
Document for EPA’s Boiler and Industrial Furnace Regulations, U.S. Environmental
Protection Agency, Office of Solid Waste, Washington, D.C., March 1992).

Testing at several previous sites has indicated that HCl, HF, and mercury are present
primarily in the vapor phase. For Case 2, then, the total concentration is considered to
be the detection limit in the vapor phase. For Cases 1 and 3, the methodologies are
unchanged from those described above.

The following criteria were used when averaging the results of different runs:

e When all values for a given variable were above the detection limit, the mean
concentration was calculated as the true arithmetic mean.

e For results that include values both above and below the detection limit, one half the
detection limit was used to calculate the mean. For example:

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

By convention, the calculated mean is not allowed to be smaller than the largest
detection limit value. In the following example, using one-half the detection limit
would yield a calculated mean of 2.8. This is less than the highest detection level
obtained, so the reported mean is ND(4).

Analytical Values Calculation Mean Value
5, ND(4), ND(3) [5+(4/2)+(3/2)]/3 = 2.8 ND(4)

e When all the analytical results for a given variable are below the detection limit, the
mean is reported as ND(x), where x is the largest detection limit. The bias estimate
(used to calculate confidence intervals about the mean) is one-half of the detection
limit, and no confidence interval is reported.

None of the data in this report have been corrected for the blank results. Blank values
were very low compared with the concentrations found in actual samples; therefore,
correction for the blank results was not warranted. Detailed mformauon on blank
samples can be found in Appendix F.

Process Solids Results
Coal

Table 3-1 shows the analytical results for the coal samples. For each substance, a mean
concentration has been calculated, along with the 95% confidence interval about the
mean. The mean, plus and minus the confidence interval, represents the range where
the probability is 95% that the true mean lies. For example, there is 95% confidence
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Table 3-1
Coal Composition (mg/kg dry basis, unless noted)
Measurement Rua 1 Run 2 Run 3 Run 4 Mean 95‘}? Cl

Gross Load (MWe) 652 655 657 656 655 3
Coal Rate (Ib/hr, dry) 630,000 ] 614,000 619,000 | 618,000 620250 | 10,900
HHV (Btu/lb, dry)® 9,996 10,142 10,067 9,861 10,017 190
Ash (%, dry) 21.1 20.0 20.1 226 21.0 19
Moisture (%) 335 342 336 34.4 339 0.7
Sulfur (%, dry) 2.15 2.03 232 2.47 2.24 031
F;CEM Substances
Arsenic 4 3 3 1 28 20
Barium 210 180 160 210 190 39
Berylium ~— - 511 <64 0] ~ a6 651 397
Cadmium 03 02! ND(O.)°!| ND(0.1) 0.14 0.15
Chloride 90 165 180 71 128 83
Chromium 16 14 17 17 16 23
Cobalt 6 6 9 4 63 33
Fluoride 50 57 79 56 61 20

| Lead 21 11 9 7 12 99
Manganese 54 68 98 69 2 29
Mercury (DGA/CVAAS)¢ 028 022 0.27 026 026 0.04
Mercury (CVAFS)* 027 024 028 029 027 0.03
Molybdenurn ND(4) ND(4) ND(3) ND(4) ND(4)
Nickel 15 11 18 13 143 4.3
Phosphorus 95 60 35 50 60 41
Selenium 6 5 4 3 45 21
Vanadium 23 32 37 36 33 65

*CI = Confidence interval.
*HHV = Higher heating value.

°ND = Concentration was less than the method detection limit. Detection limit shown in parentheses.
“DGA/CVAAS = Double gold amalgamation followed by cold vapor atomic absorption spectroscopy.

“CVAFS = Cold vapor atomic fluorescence spectroscopy.
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that the mean coal beryllium concentration was between 2.6 mg/kg and 10.4 mg/kg.
The calculation of this confidence interval is presented in Appendix E.

As will be discussed in Section 4, the quality of the coal analytical data is good, except
for arsenic and cobalt. The analytical result for arsenic in a standard reference material
was less than 45% of the certified concentration. The analytical result for cobalt in a
standard reference material was about 95% higher than the certified concentration. This
suggests that the coal analytical results may be biased low for arsenic and high for cobalt.

Gas Stream Results
Electrostatic Precipitator Outlet Gas

Table 3-2 presents concentration data for the flue gas exiting the ESP at Site 20. The
data are presented as solid and vapor compositions, along with the mean concentrations
and confidence intervals of the combined phases. The particulate concentration data
presented in Table 3-2 are averages of the values obtained from the metals and anions
sampling trains at the ESP outlet.

Concentrations in both vapor phase and solid phase blank samples were insignificant
when compared with the measured concentrations; therefore, no blank corrections were
applied. ‘

Arsenic, beryllium, cadmium, chromium, lead, and nickel concentrations were deter-
mined using GFAAS (a glossary of terms is presented in Section 7). The reported value
for selenium was determined using ICP-MS instead of GFAAS. Additional discussion on
this topic is presented in Section 4. Chloride was determined using ion chromatography;
fluoride was determined using an ion-specific electrode. Mercury concentrations were
. determined using CVAAS.

As at the FCEM sites tested previously, most of the target elements were found primari-
ly in the solid phase. The exceptions were chloride, fluoride, mercury, and seleninm.
Because of their high volatility at ESP outlet temperatures (= 300°F), these substances
are primarily found in the vapor phase.

Stack Gas

Table 3-3 presents the metal and anion concentrations in the stack gas. The data are
presented as solid and vapor compositions, along with the mean concentrations and
confidence intervals of the combined phases. The analytical methods chosen for each
analyte are identical to those mentioned for the ESP outlet gas.

The particulate concentration data presented in Table 3-3 do not include the measure-
ments obtained with the anions trains. The anions results were excluded because the
probe and nozzle rinses (PNR) for Runs 1 and 3 contained a large amount of solids that
appeared to be stack wall deposits. The solids are not believed to be representative of
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Results

the particulate matter present in the gas stream. The filter weight gains for all of the
anions runs were similar to those for the multi-metals runs, indicating that both trains
collected a similar number of small particles and that the difference in PNR weights was
due to material scraped off the sampling port walls when the anions probes were
removed from the stack.

Emission Factors

Table 3-4 presents mean emission factors for both the ESP outlet and stack gas streams.
Emission factors are presented for each of the substances on a mass-per-unit-energy
basis.

For both gas streams, chloride, fluoride, and selenium had the highest emission factors of
all the target species. All three of these species showed much lower concentrations at
the stack compared to the ESP outlet, indicating that these species were effectively
removed by the FGD system, as discussed below.

FGD System Control Efficiency

Table 3-5 presents the removal efficiencies for the FGD system, listed by species. The
average particulate removal was calculated to be 63 percent. The calculated particulate
removal is lower than the fly ash removal levels due to re-entrainment of scrubber solids
and acid mist formation. Based on the removal of other species that were primarily
present in the particulate phase at the ESP outlet (e.g., arsenic, beryllium, aluminum,
barium, iron, and vanadium), the average fly ash removal was about 75 percent.

The removal efficiencies for chloride and fluoride were based on vapor phase concentra-
tions only because both of these species should be present in the vapor phase at both
locations. The calculated removal efficiency would have been lower if the solid phase
resuits bad been included, due to the relatively high concentrations of chloride and
fluoride in the stack gas particulate. Most of this particulate is probably scrubber
generated material, which contains significant levels of chloride and fluoride.

When calculating the FGD system removal efficiency, the actual measured ESP outlet
gas flow was not used. Rather, it was assumed that the gas flow measured at the stack
was the same as the FGD inlet gas flow (i.e., it was assumed that no flue gas bypassed
the FGD system). This assumption was based on SO, and energy balances around the
FGD system. (Section 4 provides additional discussion.) Also, the ESP outlet sampling
location did not meet the requirements of EPA Method 2, due to the close proximity of
this sampling location to the induced draft fans and FGD system bypass ductwork.

ESP System Control Efficiency

Estimates of the ESP system control efficiency are also shown in Table 3-5. The ESP
inlet ash loading was estimated using coal flow rates and analyses and using the

3-10
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Table 3-4
Emission Factors (1b/102 Btu)

Resufts

" ESP Outlet Stack
L Combined 95% CI Combined 95% CI
Substance Mean About Mean Mean About Mean

Gas Flow (dscfm) 1,960,000 40,000 1,960,000 40,000
Gas Flow (Nm? /hr) 3,100,000 66,000 3,100,000 66,000 i
Coal Flow (ib/hr, dry) 620,000 11,000
Heating Value (Btu/Ib, dry) 10,000 190
Particulate (Ib/10° Btu) 0.051 0.026 0.019 0.012

| FCEM Substances
Antimony ND - ND =
Arsenic 3.4 2.9 0.63 0.34
Barjum 170 110 42 33
Beryllium 22 3.1 0.35 0.18
Cadmium ' 0.52 0.18 0.70 0.68
Chloride 5,000 9,900 390 610
Chromium 58 3.6 28 18
Cobalt 2.7 2.8 0.69 0.54
Fluoride 4.600 620 430 770
Lead 77 35 38 29
Manganese 27 28 8.5 8.6
Mercury 15 72 12 2.6
Nickel 55 6.0 43 2.1
Phosphorus 2 10 21 7.2
Selenium 780 ' 220 160 65
Vanadium 12 5.7 308 115 l

CI = Confidence interval.
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Table 3-5

Removal Efficiencies for ESP* and FGD Systems at Site 20

“ESP removal efficiencies estimated using an assumed fly ash collection rate.

*Removal of vapor phase anions only for FGD system.

CI = Confidence interval.

FGD Systems ESP Performance
% %
Reduction 95% CI Reduction 95% CI

Particulate 63 25 9.7 0.1
Target Species
Antimony ND ND - -
Arsenic 82 13 99.5 0.4
Barium 75 20 99.6 0.2
Beryllium 84 24 99.6 0.6
Cadmium -36 140 94.6 7.0
Chloride® 98 4 -0.54 200
Chromium 53 2 9.6 03|
Cobalt 75 2] 99.6 0.5
Fluoride® 98 1 22 9.2
Lead 55 .36_ __ . 987 _ _ D8 .

| —M;nganesc 68 28 99.6 0.4
Mercury 20 33 13 —
Molybdenum 3 44 98.7 09
Nickel 2 72 99.7 0.4
Phosphorous 47 32 9.3 0.5 “
Selenium 79 8 182 195 ||
Vanadium 75 11 99.6
Other Elements
Aluminum 83 9 99.7
Calcium 62 22 99.7
Copper 63 39 99.5
Iron 84 14 99.8

| Magnesium 0 47 99,7
Potassium 66 46 99.8
Sodium 32 17 99.4

[ Sulfur 95 2 28

ND = Concentration was below method detection limit. Removal calculation not performed.
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assumption that 80% of the coal ash is transformed into fly ash. The ESP outlet ash
loading used was the average value shown in Table 3-2.
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DATA EVALUATION

Several procedures can be used to evaluate the information developed during a field
sampling program. In the case of Site 20, 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 quality
assurance/quality control (QA/QC) protocol for sampling and analytical procedures used
at Site 20 (i.e., equipment calibration and leak checks, duplicates, blanks, spikes,
standards, etc.) were evaluated. Site 20 QA/QC data were compared with FCEM
project objectives. Third, material balances were calculated around the entire plant, the
boiler/ESP combination, and the FGD 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 coal and ash streams.

Process Operation

A major objective of this project was to estimate the emission rates of FCEM species
from the Site 20 power plant. Therefore, it was important that the plant operate under
representative and stable conditions throughout each test day. To ensure that the
desired conditions were met and maintained, the plant’s control room operators set up
special logs to record relevant data from the plant’s data acquisition system.

The logged data show that the boiler and FGD system operations were relatively
consistent and stable during sample collection periods. Table 4-1 and Figures 4-1
and 4-2 demonstrate this conclusion. An upset in the ESP operation occurred on the
second test day. The upset and its impacts on test results are described below. Note
that the large variability in the ESP outlet opacity data is commonly observed for ESPs
and results from ESP rapper cycling.

The logged data also showed that the boiler and ESP operations were representative of
“typical" plant operation except for the problems caused by the ESP opacity monitor
malfunction. However, the FGD system treated more gas than it usually does under
“typical" plant operation. The impacts of the higher gas flow to the FGD system are
discussed below. ‘
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Figure 4-1

Site 20 Process Data for Days 14
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Figure 4-2
Gas Concentration Data for Days 1-4
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Plant Operational Changes

Three changes were made to the "typical” plant operating procedures. These changes
have the potential to affect the test data, so they are described and discussed below.

Flue Gas Bypass Around FGD System

The plant can bypass flue gas around its FGD system. Typical plant operation is to
bypass as much gas as possible, while still meeting the required SO, emission limit

(1.2 Ib/MMBtu). The amount of bypass depends on the sulfur level in the coal, which is
highly variable. To ensure that the plant’s emissions were in compliance and that the
amount of bypass was constant during testing, the plant operated its bypass dampers at
an abnormally low value of only 10% open. This appeared to cause all of the flue gas to
enter the FGD system, based on gas temperature and SO, concentration measurements at
the scrubber inlet, scrubber outlet, and stack locations. The gas velocity measurements from
the sampling trains suggest that approximately 15% of the flue gas bypassed the scrubbers,
but the scrubber inlet velocity measurements were questionable because of the close proximi-
ty of the sampling ports to the induced draft fans and flue gas bypass ductwork.

The lower-than-typical amount of bypass might affect the estimated trace element emission
rates for "typical” plant operation. For example, the measured stack gas concentrations
might be lower than typical for species that are effectively removed by the FGD system.
Species that are not effectively removed by the FGD system are probably not affected by the
lower-than-typical amount of bypass. In any case, "typical" stack gas emissions can be
estimated if the amount of flue gas bypass is known. For example, the bypass gas concentra-
tions should be the same as those measured for the FGD inlet flue gas. Scrubber outlet flue
gas concentrations can be approximated by the measured stack gas concentrations (assuming
that 100 percent of the flue gas entered the scrubbers during the tests). Knowing these
concentrations and the amount of flue gas bypass, the "typical” emission rates from the plant
can be calculated.

Bottom Ash Sluicing

Bottom ash and economizer ash are sluiced to an ash pond. Plant personnel report that very
little economizer ash is produced, so only bottom ash was sampled at Site 20. The normal
plant procedure is to sluice the bottom ash every 24 hours, usually at night. This procedure
was modified to collect a bottom ash sample more representative of the gas sampling periods.
That is, the plant sluiced bottom ash early in the morning to remove most of the ash before
gas sampling activities started. After gas sampling was completed, the plant sluiced bottom
ash again, and the sluicing stream was sampled to obtain a bottom ash sample that corre-
sponded to the daily gas sampling activities.

The change in the bottom ash sluicing procedure should make the bottom ash sample more
representative.
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Soot Blowing

The plant normally operates soot blowers on an "as-needed” basis (about every other day,
according to plant personnel). During testing, however, one set of soot blowers, designated
as "3 IKS sequence 9" was operated for one hour every day while gas sampling activities
were in progress. No additional soot blowing occurred during the day, but plant personnel
operated soot blowers at night on an "as-needed” basis.

The change in soot blowing schedule may represent a "worst-case™ scenario for emissions
from Site 20. That is, particulate emissions from the ESP should increase when the ESP
inlet particulate loading increases. If all other parameters are held constant, the ESP inlet
particulate loading should increase during soot blowing operations. Therefore, higher ESP
outlet emissions would be expected. Since gas sampling activities were in progress during
soot blowing operations, the measured emissions from Site 20 may be higher than the
average values for "typical” plant operation.

Plant Operational Problems

The only plant-related problem occurred on 6/9/93 (Run 2) when the ESP energy manage- = _
ment system reduced the electrical power supplied to the A-side precipitator. The power was
reduced because the energy management system received a faulty signal from the opacity
monitor installed on the A-side ESP outlet duct work. Since the energy management system
uses the opacity monitor signal to control the power supplied to the ESP transformer/rectifier
(T/R) sets, the artificially low opacity signal resulted in less power supplied to the A-side

T/R sets. The B-side ESP was not affected by these events.

The opacity monitor failure was not discovered until 8:00 a.m. on 6/10/93. At that time, the
energy management system was set to manual control for the A-side precipitator. The
system remained in this mode for the last two test days (6/10/93 and 6/11/93).

The reduced power supply to the A-side T/R sets probably caused an increase in the
particulate grain loading at the ESP outlet during Run 2. The field data seem to support this
conclusion. That is, the highest particulate concentrations were measured during Run 2 (for
both the ESP outlet and stack gas locations). Even though the particulate data suggest that
the ESP problems occurred during Run 2, the test data from Run 2 were used in the
calculation of all concentration and emission factors.

One other item to note concerning the ESP at Site 20 was the large number of broken
discharge electrodes. According to plant personnel, Site 20 commonly experiences broken
electrodes and needs to repair broken electrodes every time the plant is shut down. Plant
personnel also indicated that the number of broken electrodes was high relative to normal
plant operation. Although the number of broken electrodes might have been higher than
during "typical” plant operation, the plant continued to operate without exceeding its opacity
limits, indicating that the broken electrodes had an insignificant effect on outlet mass
emissions. Also, because the number of broken electrodes stayed constant during the field
testing effort, any effect they caused should have been constant over the four days of testing.
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At this time, it appears that the large number of broken electrodes did not affect the data
from the field testing program.

Sample Collection

Appendix A describes the sampling procedures used at Site 20. Following are some
significant observations about sample collection:

* The multi-metals sample collected at the ESP outlet on 6/9/93 (Run 2) was voided
because of an accident that caused the sample to be collected at nonisokinetic conditions
for a substantial amount of time. The completeness objectives for the project were still
met in spite of this accident.

* A red precipitate coated the hot box exit glass pieces for the anions and multi-metals
trains at both sampling locations on every test day. The precipitate could not be recov-
ered from the glassware using the rinses described by the sampling methods. The
precipitate was removed by concentrated sulfuric acid during cleaning. This acid was not
used for sample recovery since it was not specified in the sampling method.

¢ The above observations suggest that the anions and multi-metals sampling methods did
not recover the elements in the red precipitate. If these elements were FCEM target
species, the field test data may underestimate their concentrations in the flue gas streams.

* A mercury speciation sample was not collected at the stack on 6/8/93 (Run 1) because of
sampling problems. The completeness objecnves for the project were still met in spite of
the sampling problems.

» Although the test plan called for one particle size distribution (PSD) sample to be
collected each day, only a small amount of solids were collected on the first day;
therefore, three-day composite samples were collected at the ESP outlet and stack
locations (2 samples total). This limits the ability to generate average values and to
estimate some of the uncertainties for the PSD data.

Analytical Quality Control Results

Generally, the type of quality control information obtained pertains to measurement preci-
sion, accuracy, and blank effects, 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. Table 4-2
summarizes the QA/QC measures commonly used as part of the FCEM data evaluation
protocol, and the characteristic information obtained. The absence of any of these types of
quality control checks from the data does not necessarily reflect poorly on the quality of the
data but does limit the ability to estimate the magnitude of the measurement error and,
hence, prevents estimating the confidence that can be placed in the results.
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Table 4-2
Types of Quality Control Samples

QC Activity Characteristic Measured “

Precision

Replicate samples collected over time under
the same conditions

Total variability, including process or temporal, ||
sampling, and analytical, but pot bias.

II Duplicate field samples collected
simultaneously

Sampling plus analytical variability at the actual sample
concentrations,

Duplicate analyses of a single sample

Analytical variability at the actual sample
concentrations.

Matrix- or media-spiked duplicates

Sampling plus analytical variability at an established
concentration. :

Laboratory control sample duplicates

Analytical variability in the absence of sample matrix
effects.

Accuracy (Includes Bias and Precision)

Mattix;s_ﬁiked sa:h;iles

Analyte recovery in the sample matrix, indicating

possible matrix interferences and other effects. In a
single sample, includes both random error (impreci-
sion) and systematic error (bias).

Media-spiked sampies

Same as matrix-spiked samples. Used where a matrix-
spiked sample is not feasible, such as certain stack
sampling methods.

Laboratory control samples (LCS)

| Analyte recovery in the absence of actual sample ma-

trix effects. Used as an indicator of analytical control.

Standard Reference Material

Analyte recovery in a matrix similar to the actual

samples.

Blank Effects

Field Blank Total sampling plus analytical blank effect, including
sampling equipment and reagents, sample transport
and storage, and analytical reagents and equipment.

Method Blank Blank effects inherent in analytical method, including

' reagents and equipment.
Reagent Blank Blank effects from reagents used.
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As shown in Table 4-2, different QC checks provide different types of information, particu-
larly pertaining to the sources of inaccuracy, imprecision, and 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 would be expected from existing
reference measurement methods and that would be considered acceptable. The precision and
accuracy objectives are not necessarily derived from analyses of the same types of samples
being investigated. 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, and 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.

Table 4-3 shows the types of quality control data reported for this site. The results of these
analyses can be found in Appendix F. Table 4-4 presents a summary of precision and
accuracy estimates. Most of the quality control results met the project objectives.

The quality control data show that the following information should be considered when the
analytical data are evaluated:

¢ The recovery of arsenic in the coal by GFAAS was low (43% compared to a 75-125%
objective), suggesting a low bias for arsenic in the coal.

o The recovery for cobalt in the coal by ICP-AES was high (193% compared to a- 75-125%
objective), suggesting a high bias for cobalt in the coal.

s The recovery of lead in the stack gas and ESP outlet solid phases measured by GFAAS
(70%) was slightly below the project objectives (75-125%). The recovery of lead in the
ICP-MS samples was higher (104 %); however, significant levels of lead were found in
the blanks for this method. The high blank levels could account for the higher recovery.
The GFAAS values were used in the mass balance. In the flue gas samples, lead was
contained primarily in the solid phase; therefore, the results for lead in the flue gas may
be biased slightly low. '

» The recoveries for all the metals (except for selenium and lead), as determined by ICP-
MS, were outside the specifications for metals in flue gas (solid phase). ICP-MS is an
evolving analytical technique, and the results seem to confirm that the technique needs
further refinement before it will produce consistently useable results. However, for
selenium, the recovery was 122% (within the 75-125% specification). In addition, no
selenium was detected in the method blanks.
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e Selenium in the vapor phase measured by GFAAS showed poor precision (>3500% RPD
compared to the 20% specification), and accuracy (8% compared to the 75% to 125%
specification), indicating a severe low bias in these data. The GFAAS data were not
used. The ICP-MS data were used to report selenium concentrations in the gas streams
and to calculate the emission factors in the selenium mass balance closure levels.

o The recovery of all the metals (except for arsenic and lead), as determined by ICP-MS,
were outside the specifications for metals in flue gas (vapor phase). In addition, the
blanks showed high levels of contamination for most analytes. The recovery for selenium
(61%), however, was well above the recovery by GFAAS. In addition, the precision was
well within the specification. For this reason, the ICP-MS data for selenium in the vapor
phase was used to calculate selenium concentrations in the gas streams.

¢ For measurements by ICP-AES, GFAAS, CVAAS, CVAFS, all blanks, except for one
field blank, showed either no contamination, contamination less than five times the
detection limit, or contamination at concentrations significantly below those found in the
corresponding samples. ‘

¢ TFor measurements by ICP-MS, the digestion blanks contained all of the analytes (except =~ . __

for selenium) at levels that would be expected to bias the results high.
Detailed QC Results

Precision is a measure of the reproducibility of measurements under a given set of condi-
tions. It is expressed in terms of the distribution, or scatter, of the data, calculated as the
standard deviation or coefficient of variation (CV, standard deviation divided by the mean).
For duplicates, 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 efficiency 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 measure-
ment steps occurring after the addition of the spike. A good spike recovery tells little about
the true value of the sample before spiking.

Representativeness expresses how well the 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.
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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 given study. The goal is to generate a sufficient quantity of valid
data.

A discussion of the overall measurement precision, accuracy, and blank effects appears
below for each measurement type.

Metals

Precision. The precision of metals analyses was estimated for coal samples using replicate
samples, which include a component of sampling variability.

For the flue gas metals in the vapor phase analyzed by ICP-AES, GFAAS, and CVAAS,
precision was estimated using matrix spike replicate analyses; seven out of eight met the
precision objectives. The exception was selenium (>500% RPD), for which the variability
was greater than the objective. For flue gas metals in the vapor phase analyzed by ICP-MS
precision was estimated by analyzing replicate laboratory control samples. The results for all
metals were found to meet the precision objectives.

For the flue gas metals in the solid phase analyzed by ICP-AES, GFAAS, and CVAAS,
precision was estimated using analytical spike replicate results, and all the metals were found
to meet precision objectives. For flue gas metals in the solid phase analyzed by ICP-MS,
precision was estimated using the analysis of replicate standard samples. Seven of the eight
metals met precision objectives. The exception was selenium (24% RPD), for which the
variability was slightly greater than the objective.

Accuracy. The accuracy of metals analyses was estimated for coal samples using standard
reference coal samples. Of the metals analyzed by ICP-AES, GFAAS, CVAFS, and DGAA,
10 of the 13 met the accuracy objective. Recoveries outside the objectives were identified
for chromium (193% recovery) and arsenic (43% recovery). The standard reference coal
sample was not certified for cadmium, so a recovery could not be calculated.

Matrix spikes were used to estimate the accuracy of metals analyses of flue gas vapor-phase
samples. Seven of the eight metals analyzed by ICP-AES, GFAAS, and CVAAS met the
accuracy objective. The recovery of selenium (8%) was well below the specification. Of the
metals analyzed by ICP-MS, two of the eight met the accuracy objective. Low recoveries
for cadmium (71%), chromium (61 %), nickel (73%), and selenium (61 %) were slightly
outside the accuracy objective. However, the accuracy of the selenium measurement for
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ICP-MS was significantly above that for GFAAS; therefore, the ICP-MS selenium value was
chosen as the primary value.

The accuracy of metals analyses was estimated for flue gas particulate phase samples using
analytical spike recoveries. The results show that the recoveries of seven of the eight metals
analyzed by ICP-AES, GFAAS, and CVAAS met the 75-125% accuracy objective. For
lead, the recovery of 71% was slightly below the objective.

The accuracy of metals analyses was estimated for flue gas particulate-phase samples
measured by ICP-MS using standard reference material (NIST 1633a fly ash). The matrix of
the standard is not identical to that of the samples, especially since flue gas particulate
samples are digested along with the filters; however, no better estimates of accuracy are
available for these samples. Except for selenium (122%) and lead (102%), the results for no
metal showed a recovery within the accuracy objective [arsenic (53 %), beryllium (56%),
cadmium (147%), chromium (38%), mercury (3100%), and nickel (40%)]. For that reason,
ICP-AES, GFAAS, and CVAAS were chosen as the primary values for the flue gas samples
(vapor phase + solid phase}, with the exceptions noted above.

Blank Effects. The only significant blank effect found for ICP-AES, GFAAS, or CVAAS
analyses was a field blank that contained significant concentrations of silicon. This was
probably the result of the digestion of an inappropriate filter.

Because of the increased sensitivity of ICP-MS, blank effects are more significant, although
compared with measurements at much lower levels than by ICP-AES, GFAAS, or CVAAS.
Nearly all of the ICP-MS digestion blanks contained significant quantities of seven of the
eight analytes. Both of the digestion blanks were devoid of selenium.

Anions

Precision. The precision of anion analyses was estimated for coal and ash samples using
matrix-spiked duplicates. The precision estimates for both chloride and fluoride met the
objective of 20% RPD. Replicate runs were used to estimate the precision of anions analysis
of flue gas samples. The CVs for both chloride and fluoride met the precision objective.

Accuracy. Matrix spikes were used to estimate the accuracy of anion analyses of coal, ash,
and flue gas samples. The 75-125% recovery objective was met for chloride and fluoride in
all of the samples.

Blank Effects. Field blank and trip blank impinger solutions were analyzed for chloride
and fluoride, and the concentrations were below detection limits in all of the blanks. No
blank contamination problems were identified.

Material Balances

Evaluating data consistency can be another overall data quality evaluation tool, especiaily the
evaluation of coal, ash, and flue gas flow rates. Material balances for ash and major
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elements can be used to verify the internal consistency of stream flow rates. Material
balance closures for trace species can be used to indicate whether the samples collected were
representative with respect to the trace element concentrations and can help identify analytical
biases in one or more types of samples.

The results of material balances performed around the boiler/ESP, the FGD system, and the
entire plant are shown in Table 4-5. Closure is defined as the ratio of outlet to inlet mass
rates for a particular substance. A 100% closure indicates perfect agreement. When trace
substances are analyzed, a closure of between 70% and 130% has been set as a goal for the
FCEM project. This range reflects the typical level of uncertainty in the measurements and,
therefore, allows one to interpret the inlet and outlet mass flow rates as being equivalent.
The 95% confidence intervals about the closures have been calculated using an error
propagation analysis, discussed in detail in Appendix E.

The material balances will be discussed for each of the three types of balances. Figure 4-3
illustrates the systems used to calculate material balance closures at Site 20. Table 4-6 lists
the steam flow rates used in the material balance calculations.

Boiler/Process ESP System

Good material balance closures were obtained around the boiler/ESP for most of the target
species for Site 20. Material balance closures between 70% and 130% were obtained for
beryllium, cadmium, chromium, cobalt, fluoride, manganese, phosphorus, and vanadium.
When the 95% confidence intervals (CI) were considered, the closures met the target criteria
for all the FCEM species except for barium (290 + 81). The large values for the calculated
95% Cls_ are primarily due to run-to-run concentration variability in the ESP outlet gas
stream and in the coal. The 95% Cls do not strongly depend on the standard deviations or
biases for the process stream flow rates.

FGD System

Material balance closures between 70% and 130% were obtained around the FGD system for
cadmium, cobalt, manganese, molybdenum, nickel, and phosphorus. When the 95%
confidence intervals were considered, the closures for barium, beryllium, chromium,
mercury, selenium, and vanadium met, or almost met, the FCEM target criteria. The poor
closures for arsenic and lead are not explainable, given the QC data reported in Table 4-4.

The closures for chloride (36% + 10%) and fluoride (13% + 16%) may have been low
because of the accumulation of these species in the FGD scrubber slurry. That is, these
species accumulate in the FGD scrubber slurry, making it difficult to obtain acceptable
material balance closures for these species when the fuel concentration varies.
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Data Evaluation

Table 4-5
Site 20 Material Balances

Boiler/ESP FGD System Entire Plant
FCEM Substances | Out/In, % | 95% CL % | Out/In,% | 95%CL % | Out/in, % | 95% CI, %
Arsesic 27| . 210 2 14 229 144
Barium 290 81 69 28 281 76
Beryllium 95 56 61 29 95 56
Cadmium 84 100 77 25 81 78
Chloride 40 85 36 10 17 10
Chromium 109 25 183 50 110 25
Cobalt 127 69 103 38 127 68
Fluoride 79 27 13 16 12 14
| Lead 46 37 29 16 46 37
| Manganese 110 46 101 31 108 44
I -Mercury_. ... 58 31 1481 . 2 86 16 |
Molybdenum - - 105 42 - -
Nickel 143 54 m 58 143 53
Phosphorus 95 68 77 28 93 60
Selenium 228 112 61 24 154 65
| Vanadium 104 77 142 39 105 27
| Other Species
Aluminum 98 25 117 28 98 25
100 2
107 37
101 32
104 24
9% 61

CI = Confidence interval.

NC = Not calculated. The beryllium content of the coal was less than the method detection limit.
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Data Evaluation

Table 4-6
Process Stream Flows at Site 20
Stream Mean Flow Rate Std. Dev. Source

Coal (Ib/hr, dry) 620,250 6850 Measured®
Ecoaomizer Ash® : - - ' -
Bottom Ash (Ib/hr, dry) 26,000 300° Calculated?

’:Fly Ash (Ib/hr, dry) 104,000 1150°¢ Calculated®
FGD Makeup Water (Ib/hr) 342,000 3800° Calculated®
Limestone Flow (Ib/hr) ' 60,300 - 670° Calculated®
FGD Solids Flow {Ib/hr, dry) 76,400 840° Calculated®
Flue Gas Flow (dry Nm® /h) 41,200 Measured®

s“As-received” coal flow rate determined from plant’s data acquisition system. Dry coal flow rate calculated
. using measured coal moisture values.

®Not measured. Flow rate assumed to be insignificant compared to ESP fly ash.
°Standard deviation assumed to be proportional to standard deviation for coal flow rate.

4Calculated from the dry coal flow rate, the measured coal ash content, and the assumption that 80% of the
coal ash is transformed into fly ash and 20% is transformed into bottom ash.

*Calculated from measured stack gas flow rate and moisture content and assuming a flue gas moisture
content of 13% of the FGD inlet. Also assumes that the wet FGD solids contain 35 wt % water.

fCalculations assume no flue gas bypass, 95% SO, removal, and that limestone is 90% CaCO;.
£Same assumptions as f, and that FGD solids oxidation is 15 percent.

BMeasured at the stack. Assumes that the ESP outlet gas flow equals the stack gas flow.
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Entire Plant

Table 4-5 shows that good closures around the entire Site 20 plant were obtained for
most of the target elements. Poor closures were obtained for chloride and fluoride,
presumably because of the accumulation of these species in Site 20’s FGD system.
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ADDITIONAL DATA

This section presents miscellaneous data from Site 20. These data are presented
separately because they are not direct measurements of trace substances. The methods
employed also have less stringent QA requirements. :

Specifically, this section presents the results from mercury speciation tests, the results of
the particle size distribution tests, and the measured concentrations of dibasic acid in the
FGD HLiquor.

Mercury Speciation Tests

The solid sorbent method developed by Frontier Geosciences was used to determine the
speciation of mercury in the flue gas. This method collects vapor phase mercury on two
KCl-impregnated soda lime traps followed by two iodated carbon traps. The traps are
installed in a quartz tube which is placed in a heated probe (maintained at 100-120°C).
All of the sampling is performed at a single point in the gas stream. At Site 20,
approximately 100 L of flue gas was collected at a rate of 0.5 L/min. The sorbent traps
were then removed by Radian personnel, packaged, and shipped to Frontier Geosciences
for analysis.

Oxidized mercury (Hg?*) and methyl mercury (CH 5-Hg) were determined by dissolving
the KCl-impregnated traps in an acetic acid/HCl mixture, followed by aqueous
ethylation, separation by GC, and detection by cold vapor atomic fluorescence spectrom-
etry (CVAFS). Oxidized mercury was detected as diethyl mercury and methyl mercury
as methyl ethyl mercury. Recently, the validity of the methyl mercury determination has
been questioned by Frontier Geosciences. Therefore, the distinction between methyl and
iomic mercury is questionable.

Elemental mercury (He’) was determined by digesting the carbon traps in 10 mL of 7:3
HNQ, /H,S0, at 70° C for two to three hours and then diluting them to 100 mL with

0.05 N BrCl. The mercury in the resulting digestate was reduced using SnCl,, trapped on
a gold surface, then detected by CVAFS.

The speciation procedure assumes that all the oxidized and methyl mercury is collected
on the KCli/soda lime trap and that all the mercury on the carbon trap is elemental (i.e.,

HY).

Table 5-1 shows that the ESP outlet gas contained about 3.2 ug/Nm?® elemental
mercury; the stack gas contained about 12.4 u« g/Nm?. These data suggest that a large
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Table 5-1
Mercury Speciation Data (ug/Nm?)
Frontier Method 29 Frontier Method 29
Geosciences | Permanganate Geosciences Peroxide
Location Run Hg® Impinger Hg?** Impinger
ESP Outlet 1 323 93 20.4 38
2 546 NC 21.0 NC
3 177 58 14.7 5.1
i 4 24 1.0 217 9.1
l Avg 322 74 19.7 6.0
Stack 1 NC 116 NC 11
2 142 9.6 0.44 0.8
3 104 8.0 1.88 1.7
88 052 08
95 095 TS -

*Frontier Geosciences Hg?* values include the data that was originally reported as methyl mercury.

NC = Sample not collected.
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fraction of the oxidized mercury (Hg?*) or methyl mercury was converted to elemental
mercury in the FGD system.

Table 5-2 compares the total mercury concentrations measured by the multi-metals
method (EPA Method 29) with the results from the mercury speciation method. At both
locations, the concentrations measured by Method 29 were lower than those determined
by the mercury speciation method. The difference was greatest at the ESP outlet,
ranging from 52-80%. The stack concentrations differed by 26-40%. Also, note that the
average mercury removal differs for the methods.

The theoretical flue gas mercury content in the ESP outlet gas is 23 xg/Nm?, based on
the levels of mercury in the fly ash, bottom ash, and coal at Site 20 (using the DGAA

values for mercury in the coal). The average value obtained by Method 29 was 134 +
6.5 ug/Nm?; the average obtained using the mercury speciation method was 22.9 + 7.1

pg/Nm3.

The method comparison results are surprising becanse data from previous sites have
shown good agreement between the two methods. Note that the low values for the field
blanks (Table 5-1) indicate that the solid sorbent traps were not contaminated.

Frontier Geosciences reported that an unexpected precipitate formed in three of the
soda lime traps for the ESP outlet location (first trap only). Frontier Geosciences
dissolved the precipitate by adding an extra 10 mL HCI to the digestion. Initially,
Frontier Geosciences attributed the precipitate to particulate on the glass wool or to
contamination by a flue gas species associated with the lignite coal. Further investigation
revealed that the initial acetic acid solution was too dilute. The extra HCl added
solubilized the soda lime by lowering the pH.

|
Dibasic Acid Concentrations '
|

Radian collected FGD liquor samples from both of the lower loop reaction tanks on
each test day. Radian analyzed these samples for dibasic acid (DBA) to document the
level of this additive in the FGD system. The DBA results are presented in Table 5-3.

Particle Size Distribution Tests

Table 5-4 presents the results of the particle size distribution tests for the ESP outlet and
stack locations. Samples from the various size fractions were archived for possible
elemental analyses in the future.

Fly Ash Enrichment Data

Although the particle size distribution samples were not chemically analyzed, the existing
test data were used to estimate whether certain trace species were enriched in the
smaller particle sizes at Site 20. For species that were enriched in the smaller particle
sizes, their concentration should be highest in the solids collected on the ESP outlet
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g::;:rizson of Method 29 with the Mercury Speciation Method (Total Hg zg/Nm?)
" Location Run Method 29 Solid Sorbent
ESP Qutlet 1 1313 23.66 |
2 NC 26.48
3 10.89 16.50
4 16.07 .11
Days 13,4 Average: 1336 21.76
Stack 1 12,70 NC
2 10.43 14.63
3 9.72 1228
4 974 823
Days 2,3,4 Average: 9.96 13.38
; | Average Hg Removak: s | 3w N
Average Hg Removal by FGD Days 3,4 28% 39% ||
Days 134 20% -
_ ) Days 2,3.4 - 41%
NC = Sa.ﬁ:ple not collected.
Table 5-3
Dibasic Acid Concentrations at Site 20
Reaction Tank B
(mmol/1) (ppm)
1 341 443
||; 2 322 419 3.2 406
3 268 348 3.4 395
4 248 322 297 386
Average 292 380 | 3.14 408
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Table 5-4
Particle Size Distribution Data for Site 20

Additional Data

ESP Outlet Location ||

'Gas Sampled 865.1 dscf “
263 Nm*
Percent Isokinetic 79 JI
Grain Grain
Cut Size Collected Loading Loading
Stage Number (um) Mass (g (gr/dsch) (mg/Nm*)
1 72 0.2337 0.0042 8.89
2 24 0.0258 0.0005 0.98
3 0.54 0.0034 0.0001 0.13
Filter 0.0062 0.0001 024 ||
. Total: 0.0048 1023
Stack Location
Gas Sampled 788.4 dscef
24.0 Nm*
Percent Isokinetic 97
Grain Grain
: Cut Size Collected Loading Loading
Stage Number (um) Mass (g) (gr/dscf) (mg/Nm?)
1 72 0.1994 0.0039 832
2 2.4 03201 0.0063 1336
I 3 0.54 0.0645 0.0013 269
“ Filter 0.0498 0.0010 2.08
I Total: 0.0124 26.45
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sample filers and lowest in the bottom ash solids. The concentrations in the bulk fly ash
and the fly ash collected in the last field of the ESP should be in between the other two
concentrations (the concentration should be lower in the bulk fly ash because the ash
collected in the last ESP field should have a smaller particle size than the bulk fly ash.

Figure 5-1 shows that arsenic, cadmium, lead, selenium, and phosphorus are the primary
species enriched in the finer particle sizes. These results were expected, because of the
relatively high vapor pressure of these elements at boiler temperatures. The concentra-
tions of arsenic and phosphorus were about twice as high in the last field ash compared
to the bulk fly ash. Selenium was about four times more concentrated in the last field
ash.

Comparison of Analytical Methods

Historically, three analytical techniques have been used to analyze for the FCEM target
metals. Because of its greater sensitivity, GFAAS is used to analyze for arsenic, cadmi-
um, lead, nickel, and selenium; CVAAS is used for mercury; and ICP-AES is used for
the others. - ICP-MS, which is sensitive enough for all of the target elements, was investi-
‘gated as an alternative analytical method at Site 20. ICP-MS analyses were done on

" both the front half (solid phase) and back half (vapor phase) of the three multi-metals
trains at the absorber outlet and the four multi-metals trains at the stack. Also, ICP-MS
analyses were done on digested and undigested fractions of the vapor phase samples and
the results were compared.

Table 5-5 compares GFAAS and ICP-AES with ICP-MS analytical results for the solid
phase fraction. These data show that the ICP-MS results are generally the same as
standard GFAAS or ICP-AES results. Although the mean values may vary slightly
between the methods, the 95% confidence intervals of these values overlap for most
analytes. The ICP-MS QA spike recoveries for a laboratory control sample (LCS) were
generally below the data quality objectives, indicating that a method (sample prepara-
tion/analysis) bias may exist. The LCS is a blank filter prepared in a standardized
aqueous solution. Since the entire sample filters were digested, it was not possible to
prepare matrix spike/duplicate QA samples for analysis. The matrix spike and matrix
spike duplicate (MS/MSD) samples might have been able to indicate if interferences or
method biases were responsible for these poor results. For these reasons, except for
selenium, the ICP-MS results were not presented in Section 3. ICP-MS data for
selenium were chosen over the GFAAS data since the QC results for GFAAS were
outside the control limits. Because the selenium concentrations in the samples were
high, the spectral interferences common to the ICP-MS determination of selenium are
minimized.

The impingers (vapor phase fraction) were analyzed by ICP-MS (digested and undigested
samples) and GFAAS or ICP-AES. The results for the vapor-phase fractions which
appear in Table 5-6, show that, in general, the analytes not detected by standard
methods (arsenic, beryllium, and chromium) were detected by ICP-MS at levels at or
below the standard method detection limits. Two analytes, arsenic in the undigested
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!

Arsenic J Bottom Ash
Bulk Fly Ash from ESP
. B Fly Ash from the
Beryllium Last Field of ESP
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Figure 5-1
FCEM Target Species Concentrations in Site 20 Ash Streams
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Table 5-5

Comparison of ICP-MS to Standard Methods for ESP Outlet and Stack Gas Solid

Phase (zg/Nm?) |

Method Substance Outlet Mean* 95% CI®* | Stack Mean® 95% C1®

GFAAS Arsenic 31 27 058 03
ICP-MS Arsenic 1.6 12 027 012
ICP-AES Beryllium 2.0 28 032 0.15
ICP-MS Beryllium 11 15 0.15 0.07
GFAAS Cadmium 03 02 0.48 0.59
ICP-MS Cadmium 0.24 0.16 028 029 i
ICP-AES Chromium 53 32 25 1.6
ICP-MS Chromium 26 1.8 090 054
GFAAS Lead 36 36 0.7 052
ICP-MS Lead 3.92 332 096 053

- GFAAS— -1 Nickel - . ] - 50— - }— - 53 -39 - 16— — —
ICP-MS Nickel 16.1 16.94 2.67 1.09
GFAAS Selenium 125 117 45.1 255
ICP-MS Selenium 64.6 49.47 179 657
CVAAS Mercury ND - 0.04 0.04
ICP-MS Mercury 0.06 0.11 0.06 0.05

*The mean was calculated using three data points.

bCI = Confidence interval.

°The mean was calculated using four data points.
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Table 5-6
Comparison of ICP-MS to Standard Methods for ESP Outlet and Stack Gas Vapor
Phase (ug/Nm?)

ESP

Method Substance | Outlet Mean* 95% CI® Stack Mean® 95% CI®
GFAAS Arsenic ND(0.14) - ND(0.12) -
undig /ICP-MS | Arsenic 026 0.15 0.008 0.008
dig ¢ /ICP-MS Arsenic 0.06 0.06 0.008 0.008
ICP-AES Beryllium ND(0.12) T e ND(0.12) -
undig/ICP-MS | Beryllium 0.01 0.02 ND -
dig/ICP-MS Beryllium 0.01 002 0.008 0.008
GFAAS Cadmium 0.18 0.12 0.17 0.18
undig /ICP-MS Cadmium 0.05 0.04 0.05 0.03
dig/ICP-MS Cadmium 017 0.04 0.14 0.12
ICP-AES Chromium ND(0.54) - ND(0.53) -
undig/ICP-M$S Chromium 0.40 0.30 0.14 0.02
dig /ICP-MS Chromium 0.76 0.15 0.47 0.04
GFAAS Lead 24 2.1 20 2.0
undig/ICP-MS | Lead 0.17 0.06 0.07 0.03
dig/ICP-MS Lead 31 26 245 2.54
GFAAS Nickel ND(2.13) - ND(2.08) -
undig/ICP-MS Nickel 0.89 0.46 026 0.1
dig/ICP-MS Nickel 0.85 0.49 0.44 0.14
GFAAS Selenium 9.5 3345 140 3
undig /ICP-MS Selenium 659 196 132 33
dig/ICP-MS Selenium 644 186 129 58
CVAAS Mercury 134 65 10.6 23
undig/ICP-MS Mercury 1107 10.45 219 16
dig/ICP-MS | Mercury 10.45 | 1077 1.68 1.59

*The mean was calculated using three data points.
*CI = Confidence interval.
“The mean was calculated using four data points.

4*Undig” = undigested sample; "dig" = digested sample.
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fraction and chromium in the digested fraction, were detected by ICP-MS above the
standard method detection limits. Arsenic results may be biased high because of the
formation of ArCl in the argon plasma. Cbromium was detected in the method blank at
levels similar to that observed in the digested sample, suggesting that a method (sample
preparation) bias may exist.

A comparison of the ICP-MS results for digested and undigested vapor-phase fractions
indicates that the results were essentially the same. While there is some variation
between the mean values for the digested and undigested fractions, the 95% confidence
intervals of these values overlap. Since the vapor-phase samples are trapped in aqueous
solution (i.e., the analytes are soluble) it is not unexpected that digestion of these
samples has little or no effect on the observed concentrations.

Further study is needed to address the apparent bias problem associated with the
analysis of solid-pbase fractions of the metals train by ICP-MS before this method can be
used as the primary means of analysis. The digestion of vapor-phase fractions was shown
to have virtually no effect on the observed analyte concentrations. We recommend that,
in the future, only undigested vapor-phase fractions be analyzed. :
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EXAMPLE CALCULATIONS

This section presents selected examples of the calculations used to develop the results
discussed in Sections 3 and 4. Specifically, the calculation of stream flow rates, mean
concentration values and confidence intervals, and emission factors are presented here.

Stream Flow Rates

Coal flow rates were determined from the plant’s calibrated coal feeders. Bottom ash
and fly ash flow rates were calculated based on the ash content of the coal and assuming
that 20% of the total ash was bottom ash and the rest was fly ash. This assumption was
based on the boiler design information for Site 20.

Flue gas flow rates were measured directly during sampling at the stack location. The
flow rate measurements at the ESP outlet location were considered to be unreliable, due
to the nonideal gas flow characteristics at this location. Since material (SO,) and energy
balances indicated that no flue gas bypassed the FGD system, the ESP outlet flue gas
flow rate was assumed to be the same as the stack flow rate (both flows on a dry basis).
A combustion calculation using data for the Site 20 coal showed the calculated gas flow
rate to be very close to the measured stack gas flow rate.

Estimates for the FGD system flow rates (i.e., limestone and FGD solids) were based on
the amount of SO, removed from the system (as determined by gas-phase analyses and
gas flow rates). The makeup water flow rate was estimated by a water balance around
the FGD system and was corrected for the amount of water lost with the FGD solids
(assuming the FGD solids contained 35% water).

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. The equations used to calculate the
95% confidence intervals are presented in Appendix E. Example calculations for arsenic
in the ESP outlet gas follow here; these results were shown in Table 3-10.

The concentration data (in zg/Nm *) given for arsenic in Table 3-10 are:
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Run1 Run 3 Run 4
Solid Phase 2.9 43 22
Vapor Phase ND(0.12) ND(0.13) ND(0.14)
Total 2.9 43 22

~ The mean is calculated from the individual run totals:
Mean = (29 + 43 + 22)/3
= 31

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

§ =V [29-37 + (43-33F + (22-3.9] 12

P

= 107

The standard deviation of the average is calculated according to Equation 6 in Appendix
E for N = 3¢

S; = L07A3

= 0.62

The bias error is found by root-sum-squaring the product of the bias error and the
sensitivity from each run (see Equation 2 in Appendix E). According to the conventions
listed in Section 3, no bias error is assigned to values above reporting limits, whereas a
bias error of one-half the detection limit is assigned to values below detection limits.
The sensitivity of the mean to each run in this case is 1/3.

8. = (1/3 x 0P +(1/3 x O +(1/3 x O
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The total uncertainty in the result is found from Equation 1 in Appendix E:

U -8+ ftxs)

-y ® + (43 x 062"

= 2.7
Thus, the result is reported as 3.1 + 2.7 ug/Nm 3.
Unit Energy Emission Factors

In addition to the gas phase concentrations, unit energy-based emission factors have been
developed for each target substance. These values were determined by calculating the
mass flow rate of a substance in the flue gas (mean concentration times mean flow rate)
and dividing by the mean heat input to the boiler during testing. The mean heat input is
_ the product of the mean coal flow rate and the mean higher heating value (HHV) of the
coal.

For example, note the calculation of the emission factor for arsenic at the ESP outlet.
The mean coal flow rate is 620,000 1b/hr on a dry basis. The mean HHV of the coal is
10,017 Btu/Ib on a dry basis. Multiplying the coal flow rate by the HHV gives a mean
heat input of 6.2 x 10° Btu/hr. The mean arsenic mass flow through the stack (the
product of the mean concentration, 0.57 xg/Nm ?, and the mean gas flow rate, 3,095,000
Nm 3 /br) is 1.8 x 10 pg/hr or 0.004 Ib/hr. When the mean mass flow rate is divided by
the mean heat input, an emission factor of 0.63 Ib/10 > Btu is obtained, as shown in
Table 3-12.

The 95% confidence intervals for emission factors were calculated according to the
equations presented in Appendix E. For each parameter (flue gas flow rate, concentra-
tion, coal flow rate, and HHV) the mean, standard deviation, oumber of points, and bias
estimates were used to calculate the combined uncertainty in the mean emission factors.
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GLOSSARY
AAS Atomic Absorption Spectrometry
Btu British Thermal Unit
CI Confidence Interval
CVAAS - Cold Vapor Atomic Absorption Spectrophotometry
DGAA Double Gold Amalgamation
DQO Data Quality Objective
dscfm Dry Standard Cubic Feet per Minute (1 atm, 68°F)
ESP Electrostatic Precipitator
FCEM Field Chemical Emissions Monitoring
GFAAS Graphite Furnace Atomic Absorption Spectrophotometry
HHV Higher Heating Value '
IC Ion Chromatography
ICP (ICAP, ICP-AES, Inductively Coupled Plasma Atomic Emission Spectroscopy
ICAPES)
ICP-MS, ICPES-MS Inductively Coupled Argon Plasma Mass Spectroscopy
INAA Instrument Neutron Activation Analysis
ISE Ton Selective Electrode
MDL Method Detection Limit
MSD Matrix Spike Duplicate
MW Megawatt
NBS National Bureau of Standards
ND Not Detected (below detection limit)
Nm? Dry Normal Cubic Meter (0°C, 1 atm)
PAH Polynuclear Aromatic Hydrocarbons
POM Polycyclic Organic Matter -
QA/QC Quality Assurance/Quality Control
RPD Relative Percent Difference
RSD Relative Standard Deviation

Preliminary
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APPENDIX A:
SAMPLING AND ANALYTICAL SUMMARY

This appendix presents details of the sampling and analytical activities performed at Site
20.

Sampling Summary

Sampling was performed from June 8 to June 11, 1993. Samples from several process
streams were collected during each day of sampling. These streams included:

e ESP outlet flue gas;

e Stack flue gas;

e Coal fed to the power plant boiler;
o ESP collected fly ash;

e Sluiced boiler bottom ash;

o Fly ash from one of the last ESP fields;
e Limestone;

o FGD makeup water;

e FGD solids; and

e FGD liquor.

Flue Gas Sampling

Flue gas samples were collected at the ESP outlet and at the stack to determine the
concentration of the following substances:

A-l
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o Trace metals;
o Mercury (speciated); and
e Anions.
Information about the sampling methods used for these substances is presented below.
Multi-Metals Collection

The sampling methodology specified in Section 3.1 of the 40 CFR Part 266, Appendix IX
was used to determine the particulate mass loading and simultaneously collect solid and
vapor phase samples of the stack fiue gas for trace metals analysis. This method was
modified for sampling at the ESP outlet location.

The first modification consisted of using Teflon® tubing to transfer flue gas from the
filter holder to the impinger train. This tubing was necessary because vertical sampling
was conducted using a very long sampling probe (20 feet). A three-inch filter holder was
__attached directly to the exit of this probe and a small oven was used to keep the filter at
- 250°F. The Teflon® tubing was needed because it was not practical or safe to attach the
impinger train directly to the exit of the filter holder as is specified by the published
method. At the end of each test day, the Teflon® tubing was soaked for a minimum of
15 minutes with nitric acid solution to recover any trace metals that might have adsorbed
during sampling. The resulting rinse was added to the first nitric acid impinger sample.

‘The second modification consisted of not monitoring the flue gas flow rate during actual
sample collection at the ESP outlet. A velocity profile was performed just prior to
testing and the flow rate data from the velocity profile was used to determine the
sampling rate needed to collect the sample at isokinetic conditions. The approach of
using velocity profile data to calculate isokinetic sampling rates was also used during the
collection of anions samples and Cyclade PSD samples at the ESP outlet.

Twelve sampling ports were present at the ESP outlet sampling location. A detailed
velocity profile was performed on June 7 at the ESP outlet to determine the distribution
of flue gas flow across the entire duct. Results of the 96 point (12 X 8) velocity profile
traverse are presented in Table A-1. The velocity profile data were used to select
suitable sampling ports for collecting the ESP outlet samples. On the first day of testing
(June 8), ports 2, 4, 8, and 10 were used to collect metals samples while ports 3, 5, 9, and
11 were used to collect the anions sample. The metals and anions samples were
collected from 32 sampling points (4 X 8). Ports 3, 5, 8, and 10 were use to collect both
the metals and anions samples at the ESP outlet on June 9,10, and 11.

Horizontal sampling was performed at the stack. The stack sampling ports were far
enough upstream and downstream from any disturbances to allow for the use of twelve
sampling points (4 x 3) to collect composite metals and anions samples on the stack.
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Appendix A

A summary of the ESP outlet and stack trace metals source sampling data is presented
in Table A-2. A total of four sets of ESP outlet and absorber outlet trace metal samples
were collected. The trace metals sample collected at the ESP outlet on the second day
of testing was voided because the isokinetic rate could not be maintained. The three
sets of ESP outiet and four sets of stack trace metal samples were submitted for analysis.

Anions Collection

A modification to the procedures specified in EPA Method 5 was used to collect solid
and vapor phase samples of the ESP outlet and stack flue gas for anions analysis. The
anions sampling trains were also used to determine the particulate mass loading.
Horizontal sampling was performed at the stack using a typical EPA Method 5-style
sampling train. Vertical sampling was performed at the ESP outlet using a modified
EPA Method 5 train similar to the one described for the collection of trace metals. A
Teflon® sample line was used to transfer the flue gas from the filter holder to the
impingers. At the end of each test day, the Teflon® sample line was soaked for a
minimum of 15 minutes with a carbonate/bicarbonate solution to recover any anions that
may have adsorbed onto the walls of the tubing during sampling. The resulting rinse

. solution was added to the first impinger sample for analysis. _ e
Two impingers containing 6% hydrogen peroxide were used to collect the vapor phase

anions. These impingers were combined into a single sample container. Upon comple-

tion of sampling, the probe liner and sampling nozzle (P&N) were rinsed with deionized

water and acetone to recover any solids that were present for mass loading determina-

tion. The probe liner and nozzle were then rinsed with a carbonate/bicarbonate solution

to recover any anions that may have adsorbed onto the walls of the tubing during

sampling. The deionized water/acetone P&N rinse was evaporated to determine the

mass of solids present. These solids were. combined with the carbonate/bicarbonate

P&N rinse and the filter to generate the solid phase anions sample.

A summary of the ESP outlet and stack anions sampling data is presented in Table A-4.
A total of three sets of ESP outlet and stack anions samples were collected over the
period of June 8, 9, and 10. All three sets of anion samples were submitted to the lab
for analysis.

Mercury Speciation

Samples of the ESP outlet and stack flue gas were collected for mercury speciation using
the Frontier Geosciences’ solid sorbent system. The sampling configuration consists of :
two KCl-saturated soda-lime traps and two iodated carbon traps. The mercury specia-

tion samples were collected at a single point approximately two to three feet from the

wall. A total of four sets of mercury speciation samples were collected at the ESP outlet
over the period of June 8, 9, 10, and 11. Attempts at collecting a mercury speciation
sample on the stack on June 8 were unsuccessful. This resulted in a total of three sets of
mercury speciation samples being collected at the stack over the period of June 9, 10,

and 11. A summary of the ESP outlet and stack mercury speciation sampling data is

A4
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Table A-2

FCEM Site 20 - Trace Metals Source Sampling Data

Appendix A

ESP Outlet
Flue Gas Composition
Sample Gas Moisture L co,* %
Run No Volume (dscf) (%) (%) (%) Isokinetic
1 288.33 13.1 6.5 10.0 100.3
9b
243.08 13.3 75 10.5 103.1
4 200.40 134 7 10.0 103.7
Stack
Flue Gas Composition
Sample Gas Moisture € [ co,? %
Run No. Volume (dscf) (%) (%) (%) Isokinetic
1 217.90 16.4/18.1 10 105 97.7
2 266.67 16.4/18.2 10 10.5 993
3 253.89 16.8/18.0 10 11.0 101.0
4 221.79 17.3/182 8.5 10.7 101.1

*Two composite bag samples were collected during multi-metals sample collection at the ESP outlet and
stack for CO, and O, analysis by Fyrite.

*ESP outlet metals Run 2 was voided.

“The stack flue gas moisture was supersaturated with respect to moisture. The first number represents the
saturation moisture content at the average stack temperature. The second number represents the measured
flue gas moisture content,
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Appendix A

presented in Table A-3. The three sets of ESP outlet and stack mercury speciation
samples collected over the period of June 9, 10, and 11 were submitted to Frontier
Geosciences for analysis.

Particle Size Distribution

Size-fractionated samples of the particulate matter were collected from the ESP outlet
and stack using a Cyclade Model 283-2 cascade cyclone sampler which consists of three
cyclones and a final filter. The aerodynamic cut-points of the cyclones are approximately
7.5, 2.7, and 0.57 microns for a flow rate of 1.0 acfm and temperature of 300 degrees F.
A point of average velocity was selected for use in collecting the size-fractionated sample
at both the ESP outlet and stack.

The ESP outlet and stack Cyclades were allowed to preheat for a minimum of 30
minutes and 60 minutes, respectively, before initiating sampling. The Cyclade final filter
was heated using heat tape and a variable voltage transformer to prevent blinding of the
filter. A thermocouple monitored the skin temperature of the filter holder during
prebeating and sample collection. The skin temperature of the stack Cyclade was

Observations made during the recovery of the PSD samples are documented below:

ESP Outlet

o A very small portion of the filter could not be recovered because parts of the filter
were. stuck in the holes around the outside perimeter of the support screen. This did
not affect the recovery of the filter solids.

o The center of the filter was lightly coated with beige colored solids.

e A small amount of solids were recovered from the No. 5 cyclone. Some of the solids
were in the cyclone body, but the majority of solids were recovered from the collec-
tion cup. The solids adhered to each other and to the cyclone. The solids had to be
scraped from the cyclone. The solids had the sweet aroma of sulfuric acid samples
collected at another site.

e There was a small amount of solids in the catch bulbs of cyclones No. 1 and 3. The
solids were easily recovered using a camel hair brush.

Stack

¢ The filter stuck to the support screen in a manner very similar to that encountered at
the ESP outlet. Some of the filter media was not recovered, but this should not have
affected the recovery of the collected solids.

e The solids on the stack filter were a lighter in color than the ESP outlet solids.

A-6
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Appendix A

Table A-3
FCEM Site 20 - Mercury Speciation Data

Integrator Yolume (liters)

Run No. ESP Outlet Stack
1 101.6 NC
2 1014 100
3 103.2 61.9
4 102.7 323

NC = Not collected.
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Appendix A

e There were no solids in the catch cup of the No. 5 cyclone. There were a small
amount of very fine red colored solids in the inlet throat of the No. 5 cyclone. The
solids did not appear to be rust. An attempt was made to recover these solids into
the sample bottle.

e Cyclone No. 3 contained a small amount of solids that were easily recovered using a
camel hair brush.

e Cyclone No. 1 had a layer of solids along the walls of the cyclone chamber, but there
were no solids present in the collection cup. The solids appeared to have been
wetted at some point and were left behind after the water evaporated.

o It was difficult to move the Cyclade into and out of the port. The Cyclade was
generally dirty when it was removed from the stack and contamination of the nozzle
area with wet solids is a possibility. '

e Amber glass bottles with Teflon® lid inserts were used to store all the cyclone
samples.

~ Flue Gas Flow Rate

The flow rate of flue gas entering the FGD system and exiting the stack were deter-
mined using the procedures specified in EPA Methods 1, 2, 3, and 4. Two velocity
profiles were performed during each day of testing at the ESP outlet. An initial velocity
profile was performed in the morning to determine the conditions necessary to achieve
the isokinetic sampling rate at the meter for both the metals and anions samples. A
second ESP outlet velocity profile was performed at the end of the day to verify that the
flow rate had not changed appreciably during the day. The velocity data showed that the
flue gas temperature increased from about 310°F in the morning to about 330°F in the
afternoon. The increase in flue gas temperature was attributed to a combination of
increasing ambient temperature during the day and heat loss to duct work structure and
fans early in the morning while the boiler load was being increased. The higher, end of
the day, ESP outlet flue gas temperatures were used to calculate the flue gas flow rate
each day because the plant’s process data indicated that these temperatures were more
representative of the average gas temperature for the entire run.A summary of the flue
gas flow rate data obtained at the ESP outlet and stack is presented in Table A-5.

Process Stream Sampling

Coal

Coal samples were collected every day from samplers on four of the six operating coal
feed chutes. The individual samples (approximately 500 ml each) were taken about
every two hours during the gas sampling activities and added to a plastic collection
bucket. At the end of the test day, the material in the bucket was well-mixed using a

A-8
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Table A4
FCEM Site 20 - Anions Source Sampling Data

|| ESP Outlet “

Flue Gas Composition
Sample Gas Moisture 0 co,? %

Run No. Volume (dscf) (%) (%) (%) Isokinetic
T 7298 135 6.5 100 | 1005 |
| 2 63.45 133 8.0 10 | 1024 |

3 62.21 13.9 7.5 10.5 102.4
Stack
Flue Gas Composition
Sample Gas | - Moisture® 0" co,* %

Run No. Volume (dscf) (%) (%) (%) Isokinetic
| 1 73.43 17.7/186 10 105 | 963 l.
E 74.81 17.7/18.9 10 10.5 98.0
|| 3 7232 17.7/21.0 10 11.0 99.6

*Two composite bag samples were collected during multi-metals sample collection at the ESP outlet and
stack for CO, and O, analysis by Fyrite.

®The stack flue gas moisture was supersaturated with respect to moisture. The first number represents the
saturation moisture content at the average stack temperature. The second number represents the measured
flue gas moisture content.
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Table A-5

FCEM Site 20 - Flue Gas Flow Rate Data

— vows ]

Average Flue Gas

AP* Temperature * Velocity Flow Rate
Ren No (inches H,0) CFH (Rt/sec) (dscfm E+06)
I’» 1 0.96 312 66.8 1.73
2 093 332 66.4 1.68
|| 3 0.92 332 66.0 1.68
|I 4 0.89 335 65.1 1.65

Stack

—_—

Average Flue Gas

Average Flow Rate
AP Temperature | Velocity Flow Rate of Metals & Anions
Run No. | Train | (inches H,0) CF (ft/sec) (dscfm E+06) (dscfm E+06)
Metals 148 133 74.4 193
1 Anions 1.61 136 Ti9 198 196
~ { Metals 1.56 133 76.1 198
2 Anions 1.61 136 718 198 198
Metals 151 134 749 194
3 Anions 149 136 745 1.98 192
149 135 745 192 N/A
—_— |

*The A Ps and flue gas temperatures for Day 1 are from the pre-test velocity traverse. The A Ps and flue gas

temperature for Days 2, 3, and 4 are from the post-test velocity.
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Appendix A

large plastic spoon. A daily composite sample was then obtained by scooping the well-
mixed material into a composite sample bottle.

There were two different types of samplers: continuous and batch. The continuous
samplers used a slow turning screw to extract coal from the feed chute. The coal
accumulated in a stainless steel collection pipe, which was emptied each time an
individual sample was collected.

The batch samplers consisted of a knife-gate valve and collection pipe mounted on the
wall of the feed chute. The collection pipe was constructed out of a combination of
carbon steel pipe and PVC pipe. The knife-gate valves did not close properly, so coal
accumulated in the collection pipe in between the collection of the individual samples.
The accumnlated coal was purged from the collection pipe before each of the individual
samples were collected, so the valve problem should have no impact on the collected
coal samples.

Bottom Ash

Bottom ash samples were collected using a PVC pipe that was manually inserted into the
bottom ash slurry stream as the slurry entered the bottom ash pond. The slurry samples
flowed through the pipe into a five-gallon bucket. The slurry was allowed to settle
before decanting most of the liquid. The concentrated slurry was then stirred and added
to another bucket, which accumulated the bottom ash sample for the test. Multiple
slurry samples were collected and processed in an identical manner. At the end of the
bottom ash sluicing process, the bucket containing the accumulated bottom ash slurry
sample was stirred and then allowed to settle. Most of the water was then decanted.
The composite bottom ash sample for the test was obtained by scooping a sample from
the settled bottom ash bucket.

Bottom ash samples were collected within one hour after the flue gas sampling was
completed. In order to provide a sample of the boiler bottom ash that was representa-
tive of the gas sampling period, bottom ash sluicing was suspended approximately one
hour before gas testing began and resumed after gas testing was completed. Grab
samples of the sluice were collected after bottom ash solids appeared in the sluice water.
Sampling continued until it became apparent by the amount of solids present in the
sinice water that the boiler bottom ash transfer was complete.

Fly Ash

Fly ash samples were collected during Site 20’s daily fly ash silo emptying procedure.
Four or five grab samples were collected each day using a plastic scoop to collect the ash
as it fell off the end of the fly ash silo’s screw conveyor. The grab samples were then
combined to form the composite sample for the test day.

A-11
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FGD Solids

FGD solids samples were collected during Site 20°s daily FGD sludge dewatering
procedure. Four or five grab samples were collected each day using a plastic scoop to
collect the solids as they fell off the rotary vacuum drum filter. The grab samples were
then combined to form the composite sample for the test day.

FGD Makeup Water

Radian collected two FGD makeup water samples each day. The samples were collected
from a tap near the entrance to the FGD system. The tap was opened and water was
allowed to flow at a high rate for at least 15 seconds before collecting the water samples.
One sample was cooled to 4°C and then analyzed for anions (in Austin). The other
sample was acidified using nitric acid. The acidified sample was analyzed for metals
(also in Austin).

Limestone

~ Radian collected limestone samples from the conveyor belts that feed the limestone ball

mills. Multiple samples were collected each day using plastic scoops. These samples
were composited to form the sample for the test day.

FGD Liquor

Radian collected daily FGD liquor samples from both of the lower loop reaction tanks.
These samples were immediately filtered into a sample bottle containing a known
amount of distilled water. The resulting liquid was then analyzed (in Austin) for dibasic
acid (DBA), an FGD system performance additive, using ion chromatography.

Detailed Sample Coliection/Preparation/Analysis Tables
Table A-6 lists the techniques used to collect, preserve, and handle the samples at Site

20. Analytical methods applied to the coal samples are listed in Table A-7. Analytical
methods for all other samples are listed in Table A-8.
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Table A-7
Preparation Procedures and Chemical Analysis Methods Applied to Coal at Site 20
Component I Method Reference
Ultimate Analysis of Coal
Ash ASTM D 3174
Carbon ASTM D 3178
Hydrogen ASTM D 3178
Nitrogen ASTM D 3179
Sulfur ASTM D 4239
Heating Value ASTM D 2015
Chlorine and Fluorine Analysis in Coal
Preparation
Oxygen Bomb Digestion | ASTM D 4208/ASTM D 3761
Analysis by Potentiometric Titration
Chloride [ sM 407C
Analysis by Ion Selective Electrode
Fluoride | ASTM D 3761
Other FCEM Species in Coal
Preparation
Ashing at 500°C/Acid Digestion ASTM 3683
Analysis by GFAAS
Cadmium SW 7131
Arsenic SW 7131
Selenium SW 7740
Analysis by ICP-AES
Ba, Be, Co, Cr, Pb, Ni, P, V SW 6010 It
Selenium ASTM D 4326-84
Mercury Analysis in Coal
Preparation
Double Gold Amalgamation Karr, Chapter 14
Analysis by CVAAS
“ Mercury | Karr, Chapter 14 _

Karr, C. Jr,, (ed)., "Analytical Methods for Coal and Coal Products.”
SW is EPA SW-846, "Test Methods for Evaluating Solid Waste".
SM is "Standard Methods for the Examination of Water and Wastewater,” 16th ed.

A-15
Preliminary Do Not Cite or Quote




X X X X ObLL MS WnIA[AS __
X | X X X IZVL MS pea]
X | X X X EIL MS wnnupe)
X | X X X 090L MS oasiy
| SVYVID £q ssdjeuy
! X V4-WED SpHos 10} uonsadiq MIN
X J-WHD s19)1d Joj uonsaBg MIN
uonwndalg
SYVAD Aq sjusun|g piie],
X b x X X 0109 MS 1PYIIN
X X X X 0109 MS WAIWoy)
X i X X X 0109 MS wnyjjAseg
: SaV-dOI q siskjeuy
: X VA-WED spYjo§ J0j uonsadig MW :
b X 4-WaD s1o)1,] Joj uonsaTIq MIN
. . uonetedarg
' SAV-dDI 4q sjuduniy e
spfuiduy | p @ ¢ sRdudwy | z 1 swadurduy spijos sjdung sp1joS AuRPRY juduoduio)
suouy S[eRI SR e [B0)-uoN poyI