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Mr. William H. Maxwell, P.E. (MD13) 
Office of Air Quality Planning and Standards 
U.S. Environmental Protection Agency 
Research Triangle Park, NC 27711 

Dear Mr. Maxwell: 

In response to the Clean Air Act Amendments of 1990, the Electric Power 
Research Institute (EPRI) initiated the PISCES (Power Plant Integrated Systems: 
Chemical Emissions Studies) program to better characterize the source, 
distribution, and fate of trace elements from utility fossil-fuel-fired power 
plants. As part of the PISCES program, the Field Chemical Emissions 
Monitoring (FCEM) program has sampled extensively at a number of utility 
sites, encompassing a range of fuels, boiler configurations, and particulate, Q, 
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 101. 
Site 101 consists of a pulverized coal-fired boiler burning a sub-bituminous 
coal, low-NOx burners, reversegas fabric filter, and a wet limestone flue gas 
desulfurization system. 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, EPFU may conduct verification tests at this site. If h s  is 
done, the new data will be made available to the Environmental Protection 
Agency (EPA). 

The primary objective of this report is to transmit the preliminary results from 
Site 101 to the EPA for use in evaluating select trace chemical emissions from 
fossil-fuel-fired steam generating plants. In addition to the raw data in the 
Appendix, the report provides an assessment of the trace metals and anions 
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 101 with the results from previous 
utility sites. Generic conclusions and recommendations were not drawn 
concerning the effectiveness of a fabric filter or 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. 

EPFU 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. 

Sincere 1 y , 

Paul Chu 
Manager, Toxic Substances Control 
Environmental Control Business Unit 

lW?n l l 4 T A l A  R V  DO NOT CITE OR QUOTE 



CONTENTS 

Section Page 

1 Introduction .............................................. 
Process Operation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sampling and Analysis Protocol .............................. 
Quality Assurance/Quality Control (QA/QC) Data Completeness . . . .  
DataQuality ............................................ 
Report Organization ...................................... 

1-1 
1-3 
1-3 
1-3 
1 4  
1-5 

2 Site Description ........................................... 2-1 
Facility Information ........................................ 2-1 

FlueGasTre~entFac~es .............................. 2-1 
S o w  Handling Facilities ................................... 2 4  

SamplingLoCations ........................................ 2 4  

3 

4 

Results ................................................... 3-1 
Sampling Schedule ........................................ 3-1 
DataTreatment .......................................... 3-1 

coal ................................................. 34 
Flue GPTSIT~ML( ....................................... 3-6 

SpeciationofMercury ...................................... 3-6 
EmissionFactors .......................................... 3-12 
Control Device Performance .................................. 3-12 
Other Substances Detected .................................. 3-12 

Stream Compositions ....................................... 3 4  

Data Evaluation ............................................ 4 1  
Process Operation ......................................... 4 1  

4 7  
Sample Collection ......................................... 44 
Analytical Quality Control Results ............................. 
Met& ............................................... 421 

Met& ............................................... 422 
Anions ............................................... 424 

Anions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4-21 

iii 

P U R  TMTWARV DO NOT ClTE OR QUOTE 



Volatile *ank Compounds ............................... 4-25 
Mernuy Speciation (Frontier Geoscienca Method) . . . . . . . . . . . . . . .  4-26 

Material Balances ......................................... 4-26 

5 Example Calculatlons . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5-1 
Stream Flow Rates ........................................ 5-1 
Means and Confidence Intervals for Stream Concentrations . . . . . . . . . .  5-1 
Unit Energy Emission Factors ................................ 5-3 
Removal Efficiencies ....................................... 5-3 

6 Glossary .................................................. 6.1 

Appendlx A Sample Collection. Preparation. and Analysis . . . . . . . . . . . .  A-1 
Appendix B: Analytical Data Used In Calculations .................... B-1 

Appendix C: Analytical Data Not Used In Calculations . . . . . . . . . . . . . . . .  C-1 

Appendlx D: Uncertainty Formulas ................................ D-1 

Appendlx E: QA/QC Results ..................................... El 

Appendlx F: Process Stream Flow Rates and Flue Gas Sampling Data . . F-1 
Appendix G: Process Data ....................................... G-1 



LIST OF TABLES 

Table  page 

1-1 FCEM Substances of Interest ................................... 1-2 

2-1 Unit Summary 2-2 

Process Stream Analyses Performed .............................. 2-6 

.............................................. 
23 

3-1 CoalComposition ........................................... 3-5 

3-2 FGD Met Gas Composition .................................... 3-7 

3-3 Stack Gas Composition ....................................... 3-9 

3 4  Mercury Speciation Results .................................... 3-11 

3-5 Fabric Filter Outlet and Stack Emission Factors ..................... 3-13 

3-6 Control Device Removal Efficiencies ............................. 3-14 

3-7 Other Substances Detected ..................................... 3-15 

41 Summary of Unit Operating Data ................................. 4-2 

4 2  FGD Process Data Summary ................................... 4-5 

4 3  Types of Quality Control Samples ........... i .................... 4-8 

4-4 

4-5 Summary.of Precision and Accuracy Estimates ...................... 4-10 

4 6  Material Balance Results ...................................... 4-27 

Types of Quality Control Data Reported for Site 101 . . . . . . . . . . . . . . . . .  4-9 

V 

DO NOT C m  OR QUOTE 



. .  . -  

LIST OF FIGURES 

Figure Page 

2-1 Process Flow Diagram for Site 101 ............................... 2-3 

3-1 Sampling Schedule for Site 101 .................................. 3-2 

vii 

DO NOT CITE OR QUOTE 
~ 



7 
INTRO DU CTI 0 N 

This report summarizes data gathered by Radian Corporation at a coal-ked power 
plant, designated Site 101, for a program sponsored by the Electric Power Research 
Institute (EPFU) in collaboration with utility partners. The concentrations of selected 
inorganic and organic substances were measured in the process and discharge streams of 
the plant 

Sampling was performed on an opposed wall-fied boiler burning subbituminous coal. 
Emissions are controlled by fabric filters and a wet lime flue gas desulfurization (FGD) 
system. The field test was performed January 10 through January 13, 1994. The specific 
objectives were to: 

Measure the stack emissions of target substances; 

Determine the removal efficiencies of the fabric filter and the FGD system for the 
target substances; 

Perform material balances around the entire unit, the FGD system, and the boiler/ 
fabric filter system; and 

Determine the species of mercury present in the FGD inlet and stack gas using the 
method developed by Frontier Geosciences (Bloom method). 

Table 1-1 lists the substances of interest to this program. At this site, formaldehyde and 
polycyclic organic matter were not measured because they are typically found at low 
levels at other test sites. 

EPRI is cosponsoring the work at Site 101 for several reasons. During the Power Plant 
Integrated Systems Chemical Emissions Studies (PISCES) project (EPRI RP-2933-1), a 
number of data gaps were identified for certain streams and substances within specific 
power plant configurations. The work discussed here was done in response to EPRI 
member utility concern about the concentrations of trace substances in process streams, 
the effectiveness of control technologies in reducing emissions of these substances, and 
the applicability of the results of previous studies discussed in the literature. 

The EPRI sponsored Field Chemical Emissions Monitoring (FCEM) project (EPRI RP- 
3177) was initiated to generate the missing data identifed by the PISCES project. 
prelminary reports on many of the plants sampled have been furnished to the U.S. 
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Table 1-1 
FCEM Substances of Interest 

Inorganic Substances 
Arsenic 
Barium 
Beryllium 
Cadmium 

ClXOmiUJIl  

Chlorine (as chloride) \ 

Organic Compounds 
Benzene 
Toluene 
Formaldehyde' 
Polycyclic Organic Matter (POM)'.b 

Cobalt 

. Copper 
Fluorine (as fluoride) 
Lead 
Manganese 
Mercury 
Molybdenum 

II Nickel I II 
Phosphorus 
Selenium 
Vanadium 

'Not measured at Site 101. 

ALSO referred to as semivolatile organic compounds Indudes polynuclear aromatic hydrocarbons (PA&). b 



Environmental Protection Agency (EPA) to use to study emissions from fossil-fuel-fired 
power plants, as mandated by the Clean Air Act Amendments of 1990. 

Radian Corporation conducted the testing and has prepared this report using the 
following procedures to evaluate the data: 

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

The QA/QC results were compared with data quality objectives to evaluate precision 
and accuracy. 

The results for each substance are presented by individual run and as averaged totals. 
To quantify the variability of the data, the 95% confidence interval about the mean is 
also presented. The confidence interval incorporates the combined process, sampling, 
and analytical variabilities. 

Process Operation 

The boiler operated at steady, full load (799 MW f 0.4%) during each of the sampling 
periods. Operating parameters were monitored to verify the process stability during 
sampling. No unusual process upsets were encountered. Process operation is discussed 
in more detail in Section 4. 

Two minor changes were made to the normal operation of the unit during flue gas 
sampling: 1) soot was not blown in the superheat section, and 2) the FGD bypass 
damper was controlled manually at a fured position Neither of these changes in 
operation compromised the representativeness of the samples. 

Sampling and Analysis Protocol 

Appendix A describes the sampling and analysis protocol for Site 101. The methods 
used are identical to those used by Radian in the FCEM project. 

Quality Assurance/Quality Control (QA/QC) Data Completeness 

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 101 indicate that the samples are 
well characterized. An evaluation of the accuracy, precision, and bias of the data, even if 
only qualitative, is considered to be an important part of the data evaluation A full 
d i swion  of each of these components of quality can be found in Section 4. 

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

I 
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introduction 

control samples to determine accuracy; and 3) field blanks, trip blanks, method blanks, 
and reagent blanks to determine if any of the samples were contaminated during 
collection or analysis. All of these standard QA/QC checks were used on various 
samples from Site 101. The absence of any of these quality control checks for a given 
measurement 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 available QA/QC results were compared to the data quality objectives discussed 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. From the detailed information in Section 4, several important issues have been 
identZed that may affect the data 

The FGD inlet sampling location did not meet the specifications of Method 1, 
because the ports were located immediately downstream of a section of the duct in 
which the top side and one vertical side converge at approximately 10 degrees. In 
addition, the location represented only one-fourth of the scrubbed gas. Although the 
location was not ideal, it was the most suitable among the available options. The 
FGD inlet gas has a low particulate loading consisting primarily of very h e  particles 
and is expected to be well mixed, which should minimize the effects of the non-ideal 
location 

The metals train particulate sample for Run 2 at the stack was lost due to a vessel 
rupture during the microwave digestion. As a consequence, the confidence intervals 
for the concentrations of metals in the stack tend to be larger than they might have 
been if three sample results had been obtained. 

Field blank results indicate that contamination of nitric acid impinger solutions by 
manganese fiom the permanganate impinger solutions may be a problem As a 
consequence, the vapor-phase manganese results at the FGD inlet and the stack may 
be biased high. 

Field blank results indicate that lead and molybdenum solid-phase concentrations in 
the FGD inlet and stack gas may be biased high due to low-level contamination. 

Method blank results for chromium, cobalt, and nickel indicate that low-level 
laboratory contamination may bias slightly high the solid-phase flue gas results for 
these metals. 

Matrix spike results for selenium in nitric acid impingers indicate that vapor-phase 
selenium results in flue gas may be biased approximately 50% low. 
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. .  lnrroducrion 

Report Organization 

Section 2 of this report briefly describes the plant and the sample locations. Section 3 
discusses the chemical analyses of the process streams. Section 4 presents engineering 
and analytical evaluations of the data Section 5 presents example calculations, and a 
glossary of terms is provided in Section 6. The appendices contain information on 
sampling and analytical methods, stream concentrations, error propagation equations, 
detailed QA/QC data, stream flow rates, and process data. 



2 
SITE DESCRIPTION 

The FCEM project assigns a site code to each plant sampled. The plant covered by this 
report has been designated Site 101. The test site and sampling locations are described 
in this section 

Facility information 

The characteristics of the unit are summarized in Table 2-1. The unit tested has a gross 
generating capacity of approximately 800 MW. Steam is generated in a Babcock & 
Wilcox, wall-fired boiler burning pulverized coal. The 48 low-NO, burners (controlled 
flow/split flame) are arranged on opposing walls with six burners in a row, four rows 
high. Each mill (eight mills total) feeds the six burners on a single row. 

Figure 2-1 is a process flow diagram of the unit. The feedstock is a western region, 
subbituminous coal. The typical coal composition is 15% moisture, 2M5% ash, 0.8% 
sulfur, and 8,800 Btu/lb heating value. Bottom ash is removed bom the boiler with an 
ash sluicing system. A fabric filter (baghouse) system removes fly ash born the flue gas. 
A wet lime scrubber system is used to control sulfur dioxide emissions. The flue gas 
treatment and solids handling facilities are described in greater detail below. 

Flue Gas Treatment Faciliries 

Particulate matter is removed from the flue gas in Research Cottrell baghouses. There 
are 4 baghouses, with 12 compartments per baghouse and 414 bags per c o m p m e n t .  
The bags operate at an air-tocloth ratio of about 15 acfm/ft2 (vs. 1.75 design). Each 
bag, 1 foot in diameter and 32 feet long, is constructed of 13 1/2 ounce fiberglass 3 x 1 
twill fabric with a Burlington I625 finish. The bags are suspended with the open end 
down, and high dust gas is introduced on the inside of the bags. 

Bag cleaning is accomplished with reverse air. Each c o m p m e n t  is cleaned approxi- 
mately every four hours. The 5ange-to-flange pressure drop is normally between 65 and 
9.0 inches of water. 

The flue gas is scrubbed by a Babcock & Wilcox wet lime flue gas desulfurization (FGD) 
system. The system contains five spray tower modules, with only four in operation at a 
given time. Each module operates at a liquid/gas ratio of about 55 gal/kad. Approxi- 
mately 25% of the flue gas bypasses the FGD system and is remixed with the scrubbed 
gas before discharge through the stack The bypass damper is normally controlled 

I 
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Site Description - - 

_ _ _ ~  

Maaimum Gross Electrical Output (MW) 

Boiler Type 

Boiler Additives 

NQ Gmtrol 

Fuel Type 

Fuel Sulhrr Content (% dry) 

Fuel Ash Content (% dry) 
Fuel Heating Value (Btu/lb. dry) 

Table 2-1 
Unit Summary 

800 

opposed d - h e d  

None 

Low-NQ (CFSF) burners 

Subbituminous coal 

0.79' 

25' 

l0,2€ns 

Particulate Matter Controls 
Particulate Emission Limit @/lo' Blu) 

Air-to-cloth Ratio (acfm/ftt') 

Flue Gas Conditioning 

Fabric filters 

0.04 

1.75 design; 15 actual 

None 

SQ Emission Limits 

SQ conkok 

Number of FGD Modules 

.R% removal 

Wet Lime FGD with sulfur addition to 
form sa 
FNC (typically only four are in I omt ion  and one is a s w e )  

Fly Ash & FGD Solids Disposal 

Bottom Ash Disposal 

Bottom Ash Sluice Water Sourec 

cooline Water Svstern 

Abandoned mine 

Abandoned mine 

LalrC 

onac throueh 

Cooling Water Source. 

' M a  values measured during sampling 

Jake 
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Site Description 

automatically, with feedback from the stack SQ monitor, to achieve a station-wide 72% 
SQ removal. To prevent varying gas flow rates during flue gas sampling, the bypass 
damper was set in a fixed position. 

The lime feed slurry is prepared in a large batch tank. Fresh lime is slaked with makeup 
water, then diluted to 15% solids with process (recycle) water. EmulsSed sulfur  is also 
added to the slurry. The tank is continually agitated, and the slurry is pumped around to 
the FGD modules in a loop, with the unused slurry returning to the feed tank. Spent 
sluny is purged from the recirculation loops of each module. 

Two types of water are used within the process. Fresh makeup water is available born 
an adjacent lake. Process water is available from the FGD sludge thickener overflow. 
The smbber modules have mist eliminators that use a mixture of these waters, and this 
mixture is stored in the spray blend tank. 

Solids Handling Facilities 

The coal burned at the plant comes from several areas within a single mine. The coal is 
blended in piles at the plant and transported on conveyor belts into the bunkers. 

The bottom ash is sluiced with makeup water about every three hours to a settling tank. 
The solids are loaded into trucks and hauled to an abandoned mine. The sluice water is 
sent to a pond, and is eventually discharged through an NPDES outfall into the lake. 

Baghouse ash falls into hoppers. There are 12 hoppers per baghouse. The hoppers are 
periodically pressurized and the ash is pneumatically conveyed to a solids handling area 
The baghouse ash is mixed with expended scrubber sludge and hauled to an abandoned 
mine. 

Spent scrubber slurry is dewatered to about 30% solids. The thickener overflow is 
recycled as FGD process water. The sludge is transported to the solids handling are& 
where it is mixed with baghouse ash and hauled to an abandoned mine. 

Sampllng Locations 

Samples were collected at several locations, identified on Figure 2-1. Each sampling 
location is briefly described below: 

Coal composite samples were collected from the coal conveyor belts by the plant’s 
automatic sampler. Plant personnel provided Radian with splits of all coal samples 
collected during the week of testing. 

FGD inlet gas samples were collected from three four-inch diameter sampling ports 
on top of the horizontal FGD inlet duct The ports were installed between the take- 
offs for Module 4 (out of service) and Module 5. The dud had a rectangular moss- 
section that measured 15 feet in width and 17 feet in depth at the sampling location 
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. Sire Description 

The gas flow was approximately one-fourth of the total flow to the scrubbers, and the 
ports were installed immediately downstream of a section of the duct in which the top 
and one side converged at 10 degrees. Although the location was not ideal, it was 
selected after considering the distance from upstream and downstream flow distur- 
bances, representativeness, and probe length requirements. Other options consid- 
ered, but rejected, included sampling the baghouse outlet duct (which would have 
required vertical sampling with 40-foot probes) and sampling the FGD bypass duct 
(considered to be less representative because of the 90 degree vertical take off). 

Stack gas samples were collected from four-inch square ports located around the 
stack every 90 degrees at the %?&foot level. The stack internal diameter was 28 feet. 

Bottom ash samples were collected bom the discharge of the sluice pipe as the ash 
entered the settling tank. 

Baghouse ash samples were collected from one hopper on each of the four bag- 
houses. Plant personnel had determined these hoppers to be representative of the 
total baghouse catch. 

h e  slurry feed samples were collected through the top of the slurry feed tank. 

Sluny blowdown samples were collected from taps on the slurry recycle pumps for 
each of the four modules in service. 

Process water samples were collected from a tap near the process water tank. 

Makeup water samples were collected from a tap near the spray blend tank. 

Spray blend water samples were collected from a tap near the spray blend tank. 

The procedures for collecting, pretreating, and analyzing the samples are discussed in 
Appendix k Table 2-2 presents an overview of the types of analyses performed on these 
streams. 
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Site Description - - . .  

Table 2-2 
Process Stream Analyses Performed 
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3 
RESULTS 

This section summarizes the results of the stream characterization at Site 101. Sampling, 
preparation, and analytical methods are summarized in Appendix A Detailed analytical 
data cau be found in Appendices B and C. 

Sampling Schedule 

The sampling was conducted the week of January 10, 1994. Figure 3-1 shows the sample 
collection schedule. Three valid sampling runs were completed on January 11, 12, and 
13, 1994. 

Multi-metals maim and anions trains were used to traverse the ducts during each 
sampling nm Volatile organic sampllng trains (VOST) and mercury speciation trains 
were used to collect samples at single points of average velocity. VOST sampling was 
limited to the stack. 

Data Treatment 

For the FCEM projecf several conventions have been developed for treating the test 
data and developing average concentrations of substances in the various streams. 

For those substances that could not be quantified, the notation "ND(x)" is used. This 
term means "not detected at a concentration of x." The detection limit can vary accord- 
ing to sample size, sample preparation, and analytical method. 

To determine the total gas concentration for each run, both the solid- and vapor-phase 
contributions were considered; however, the absence of some detectable concentrations 
in either (or both) phase(s) required that conventions be developed for dealing with 
these data. These conventions are summarized below. 

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

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

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

Case 2 
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Figure 3-1 
Sampling Schedule for Site 101 
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. .  Resulrs 

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

For constituents of interest other than Ha €IF, and mercury, the flue gas stream data 
fiom previous studies of coal-fired power plants have shown 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 Case 1, the total concentration is the sum of the concentrations in the vapor and 
solid phases. 

For example, the total cadmium concentration in the FGD inlet gas for Run 2 is 
calculated as follows: 

Cadmium in the solid phase = 0.19 pg/Nm’ 

Cadmium in the vapor phase = 0.12 pglNm’ 

Total cadmium in FGD inlet gas = 031 pg/Nm’ 

For Case 2, the total concentration is considered to be the detection limit in the solid 
phase. This m e  is not represented in the Site 101 data 

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 FGD inlet gas for Run 1 is calculated as 
follows: 

Arsenic in the solid phase = 0.89 pg/Nm’ 

Arsenic in the vapor phase = ND(0.15 pg/Nm’) 

Total arsenic in the FGD inlet gas = 0.89 pg/Nm3 

The above conventions also are in accordance with guidance provided by EPA (Technicd 
Implementaiion Document for EPA’r Boiler and Indurrrial Furnace Regularions. U.S. 
Environmental Protection Agency, Office of Solid Waste, Washington, D.C., March 
1992). 

Testing at several sites has indicated that HCl, HF, and mercury are present primarily in 
the vapor phase (although mercury is sometimes also detected in the solid phase). For 
Case 2, then, the total concentration of each of these species is considered to be the 
detection limit in the vapor phase. For Cases 1 and 3 the methodologies are unchanged 
from those described above. 
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Results . .  

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

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

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

Analvtical Values Calculation Mean Value 
10, 15 ND(8) [lo+ 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; 
therefore, the reponed mean is ND(4). 

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

When all 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 where calculating confidence intervals for other parameters) is one-half of the 
detection level, and no confidence interval is reponed. 

Appendix A describes the analytical methods used for each combination of substance 
and stream Measurements of the concentrations reported here were made using what 
Radian considered to be the best method for each matrix. Typically, the method with 
the lowest detection Limit was chosen, except when the QA/QC results indicated 
significant problems with precision or bias for a particular technique. 

Calculations were performed with mounded numbers, and the results were rounded for 
presentation in the table; therefore, slight differences in calculated means and confidence 
intervals are athibutable to round-off errors. 

Stream Composftions 

Coal 

Table 3-1 shows the analytical results for the coal samples collected during the test peri- 
od. For each substance, a mean concentration was calculated, along with the 95% confi- 
dence interval about the mean The confidence interval is the range about the mean 
wherein the probability is 95% that the true mean lies. For example, according to the 
three results shown in Table 3-1, it can be said, with 95% certainty, that the true mean 
cobalt concentration in the coal was between 1.3 and 4.9 mg/kg. Calculation of this con- 
fidence interval is discussed in Section 5. 
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Table 3-1 
Coal Composition (mgFg dry unless noted) 

Barium I 410 I 
Beryllium 15 12 
cadmium ND(O.10) 0.10 
chloride 210 240 

9.0 

copper 11 10 
Fluoride I50 I50 
Lead 14 

Maw-= n 66 
M u a v y  0.070 0.060 

Molybdenum 7.6 72 
Nickel ND(1.0) ND(1.0) 
Phosphorus 180 260 

Selenium 25 3.0 
VadiUm 27 24 

* 
10.160 10.190 
25 25 1.0 

14 I 14 1 
0.92 0.79 035 7 

038 
ND(O.10) ND(O.10) - 
Po 240 

8.0 I 7.7 38 
27 3.1 18 
9.0 I 10 25 
62 l20 I 130 
13 I3 1.4 

76 I 66 24 
0.060 I 0.063 I 0.014 

25 25 43 
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Resub .~ 

Flue Gas Streams 

Table 3-2 shows the concentrations of the target substances in the FGD inlet gas. Table 
3-3 shows the composition of the stack gas. Results are presented by individual runs, 
with the mean and 95% confidence interval calculated for the combined vapor and solid 
phases. Blank contributions for the target analytes were not sigruficant; therefore, no 
blank corrections were applied. 

The metals train particulate sample for Run 2 at the stack was lost during analysis. The 
vessel containing this sample ruptured during a microwave digestion, and the digestion 
solution could not be recovered. The particulate mass on th is  sample was determined 
before the sample was lost, but no analytical results for metals are available. Because 
the mean stack gas concentrations for metals involve only two measurements instead of 
three, the calculated 95% confidence intervals are larger. The agreement between Runs 
1 and 3 is very good. 

Speciation of Mercury 

FGD inlet gas and stack gas samples were collected with the Frontier Geosciences’ 
mercury speciation train. The results are shown in Table 3-4. The Frontier Geosciences’ 
analysis included vapor-phase mercury only (particulate-phase mercury was determined 
using the Method 29 train). 

The method used by Frontier Geosciences for the analysis of Site 101 samples was 
modified compared to that used on earlier FCEM project samples. The KCl/soda lime 
traps were dissolved in citric acid (instead of the acetic acid used earlier) to prevent the 
production of methyl mercury artifacts during the dissolution No methyl mercury was 
detected in the flue gas samples from Site 101 using this modi€ied method. 

For comparison, the results from the Method 29 multi-metals train impingers are shown. 
Although this method was not designed for mercury speciation, it may provide informa- 
tion on the forms of mercury present. Elemental mercury is much less soluble in 
aqueous solutions than is ionic mercury, and it is more likely to pass through the nitric/ 
peroxide impingers to the permanganate impingers, where it is captured through 
oxidation 

The total concentrations of vapor-phase mercury measured by the Frontier Geosciences 
method and by Method 29 agree within the uncertainty in the measurements. Both 
methods also show similar trends in speciatioq i.e, ionic mercury is the predominant 
form in the FGD inlet gas, and it appears to be more effectively removed by the FGD 
system than the elemental mercury. 
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Table 34 
Mercury Speciation Results 

Frontwccoxlenos 

FGD Inlet 

Ionic Inorgaoic Hg 

Elemental Hg 

Methyl Hg 

Total Vapor 

Ionic Inorganic Hg 

Elemental Hg 

Methyl Hg 
Total Vapor 

Metbod 29 M d t i - M d  

Speclation T 

4.6 

13 

ND(O.005) 

5.9 

0.89 

OM 

ND(0.005) 

1.4 

13 

ND(0.005) 

5.B 

13 

4.6 4.6 0.15 81% 

059 1.0 1.0 19% 

ND(O.005) ND(O.005) - cO.1% 

5.1 5.6 1.0 

1.0 
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Results . .  

Emission Factors 

Table 3-5 presents the mean fabric filter outlet (FGD inlet) and stack emission factors 
for the target substances. The mass emission rates (lb/hr) for each substance were 
divided by the heat input (Btu/hr) of the coal. 

Mean particulate matter emissions were 0.020 lb/106 Btu at the fabric filter outlet and 
0.0063 lb/106 Btu at the stack. Chloride and fluoride emission factors are the highest of 
the target species, but are substantially lower at the stack than at the fabric filter outlet. 
Most of the target elements show lower emission factors at the stack as well, indicating 
significant removal in the FGD system. 

Control Device Performance 

Table 3-6 shows the removal efficiencies of the fabric filter system, the FGD system, and 
the combined fabric 6lter/FGD system Because the bagbouse inlet gas was not 
sampled, the mass rates of target substances in this stream were calculated by subtracting 
the mass rates of substances in the bottom ash born the mass rates in the coal. The 
calculations are described in more detail in Section 5. 

The removal of particulate matter by the fabric filter is estimated to be 99.89 percent 
Most of the target elements are removed with high efficiency as well, with the exception 
of the predominantly vaporous speaes chloride, fluoride, and mercury. 

The FGD removal efficiencies are for the system as a whole, which includes a bypass of 
approximately 25 percent. The removal efficiencies of the modules (considering only the 
gas that was scrubbed) a n  be approximated by multiplying the FGD system removal by 
1.33. 

Other Substances Detected 

Other substances not on the target analyte list but listed in Title III of the Clean Air Act 
Amendments of 1990 were also measured as part of the multi-substance techniques used 
for the target analytes. Additional Title III substances include antimony and organic 
compounds available from the VOST. Table 3-7 shows the concentrations for substances 
detected in at least one flue gas sample. 
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Table 3-5 
Fabric Fiiter Outlet and Stack Emission Factors (lb/lOu Btu unless noted) 
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Table 3-6 
Control Device Removal Efficiencies 

'Indudcs approximately 25% bypass gas. 

'Zcro/negative apparent control efGcienacs are attributable to uncertaintics in the d e t  and outlet 
um=nrratioru For manganese, molybdenum, and nickel, the high efficiency of the fabric Liltcr leads to 
euremely low concenbations entering and exiting the FGD system. 

' B w u e  nickel was not detected in the coal, the mas rate of nickel entering the baghow was taken to be 
the mas rate of nickel in the ash collected by the baghouse. 

NC = Not calculated because substanee was not detected in inlet stream. 
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Results 

Table 3-7 
Other Substances Detected 

'Total of d i d -  a d  ~por-pbase ~ n - t r a t i ~ ~ ~ .  

bSubwance war deteded in field blanks and trip b w  suspcdcd contaminant. 

"The VOm tube pairs for a given m w e  averaged, then the mcan of the run avcraga was calculated. 
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4 
DATA EVALUATION 

Several procedures can be used to evaluate the information developed during a field 
Sampling program In the case of Site 101, three methods were used to evaluate the 
quality of the data. First, the process data were examined to determine if the unit 
operated at normal, steady-state conditions during the sampling periods. Second, the 
QA/QC protocol for sampling and analytical procedures used at Site 101 (Le., equipment 
calibration and leak checks, duplicates, blanks, spikes, standards, etc.) was evaluated. 
Site 101 QA/QC data were compared with project objectives. Third, material balances 
were calculated around the unit. Material balances involve the summation and compari- 
son 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. 

Process Operation 

Two changes were made to the normal operation of the unit, neither of which compro- 
mises the representativeness of the samples. First, the flue gas desulfurization (FGD) 
bypass damper was set in a fixed position at the star t  of each sampling period to 
maintain a constant gas flow at the FGD inlet sampling location. The damper was 
manually set in the position where the automatic controller had achieved an SQ removal 
level of 72 percent Second, the soot blowers in the superheat section, which are 
normally used twice a day, were not used during the test periods. This change was made 
to prevent soot blowing during the collection of flue gas samples, some of which have 
collection times considerably shorter than 12 hours. The wall blowers operated almost 
continuously, which is normal. 

Site 101 is a base load unit, and at the time of testing it was running at full load 24 hours 
a day. The boiler operated at steady, full load during each of the sampling periods. 
Table 4-1 summarizes the operating parameters. These parameters were logged every 
five minutes from the computerized boiler control system. The mean and coefficient of 
variance (CV) for each parameter were calculated for the sampling periods. The CV is 
the standard deviation divided by the mean value; it is expressed here as a percentage. 
The CV indicates the variability of the parameter during the test period. 

The C V s  for most of the parameters are less than 10% of the mean values, indicating 
that no large fluctuations occurred during the tests. The process trend plots, which are 
hduded in Appendix G, also indicate stable operation. 
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Data Evaluation - . . .  

Table 4-2 summarizes the parameters available in three-hour intervals from the FGD 
control room logs. In general, the results show stable operation The relatively large 
CV (20%) of the slurry solids content in the north center module on January 11 reflects 
the slowly increasing solids content throughout the day. This module was brought on 
line just before midnight on January 10. Because the module had been drained, it was 
filled with process water for startup, according to the normal procedure. The solids 
content in the module started out at 0% (normal is about 15%) and slowly increased as 
fresh slurry was added to control the pH. The pH of the module was maintained at its 
normal level of 6.0, and it should have been scrubbing at its normal efficiency. 

Sample Collection 

Several factors indicate the acceptable collection of gas samples. Key components of the 
sampling equipment-Pitot tubes, thermocouples, orifice meters, dry gas meters, and 
sampling nozzles-were calibrated before use in the Geld, and those calibrations were 
checked at the end of sampling. These calibrations are on Gle at Radian. The methods 
used to collect samples were comparable to those used at other sites sampled by Radian 
in the FCEM project. The sampling runs were well documented, and all flue gas 
samples were collected at rates between 90 and 110% of isokinesis. Sufficient data were 
collected using standard sampling and analysis methods to ensure acceptable data 
completeness and the comparability of the measurements. 

Appendix A desmies the sampling procedures used at Site 101. Following are some 
significant observations about sample collection: 

The FGD inlet gas samples were collected from ports in the FGD inlet duct immedi- 
ately downstream of the take-off for the fourth scrubber module. The gas sampled 
was essentially that which entered the fifth module and represents approximately one 
quarter of the scrubbed gas. The fourth module was taken out of service to provide 
the maximum length of undisturbed flow at the sampling location. The sampling 
ports were also located immediately downstream of a converging section of the duct, 
where the top side and one vertical side converge at approximately 10 degrees. This 
angle represents the maximum error in nozzle angle that might have been incurred at 
traverse points near the converging sides. Although the location was not ideal, 
representative samples are expected. The FGD inlet gas has a low particulate 
loading consisting primarily of very fine particles, and should not be stratified. 

Small tears, one on each filter, were found on the quartz filters used for metals 
sampling at the FGD inlet for Runs 1 and 3. These tears were identified during 
sample recovery. The edges of the tears appear to have overlapped, and there were 
no visible indications of particulate matter downstream of the filters. No substances 
appear to be present at elevated levels in the impingers relative to Run 2 as shown in 
Table 3-2. 

There is a substantial residence time in the coal bunkers and, therefore, a lag before 
the coal which passes the automatic sampler is burned in the boiler. In addition, the 
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coal which passes the automatic sampler m a y  actually be destined for another unit. 
An estimated lag time of eight hours was taken into account when selecting the 
appropriate sample splits to composite for each run. Despite the uncertainties, the 
automatic sampler was the best available location to obtain representative coal 
samples. The coal burned during the test came from a single source, and the 
consistency of the blend should minimize the effects of uncertainties in the lag time. 

Analytical Quality Control Results 

Generally, the type of quality conbol information obtained pertains to measurement 
precision, accuracy (which includes precision and bias), 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 meiuure the sources of variability. The QA/QC measures common- 
ly used as part of the data evaluation protocol, and the characteristic information 
obtained, are summarized in Table 4-3. The absence of any of these types of quality 
control checks 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 coddence in the results. 

As shown in Table 4-3, different QC checks provide different types of information, 
particularly pertaining to the sources of inaccuracy, imprecision, and blank effects. 
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 program are compared 
with the established data quality objectives (DQOs). 

These DQOs are not intended to be used as validation criteria but as empirical estimates 
of the precision and accuracy expected from existing reference measurement methods 
and that would be considered acceptable. Although analytical precision and accuracy are 
relatively easy to quantify and conbol, sampling precision and accuracy are unique to 
each site and each sample mamix. Data that do not meet these DQOs are not neces- 
sarily unacceptable; 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 are considered in light of the intended use of the data. 

Table 4-4 presents the types of quality control information reported for the test. The 
results for QC sample analyses can be found in Appendix E. Table 4-5 presents 
summaries of precision and accuracy estimates obtained during the test. 

Comparability is a qualitative parameter expressing the coddence with which one data 
set can be compared with another. Sampling data should be comparable with other 
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Table 4 3  
T y p e s  of Quality Control Samples 

QC Activity C- 'stic Measured 
M i o n  
Replicate samples collected over time 
under the same conditions 
Duplicate 6eld samples coUecred 
simultaneously sample mcentrations. 
Duplicate analyses of a single sample 

Total variability, including proccss or temporal, 
YUnp Lin& and analytieal. but not bias. 
Sampling plus analytical variability at the aaual 

Analytical variability at the actual sample 

Ma&- or media-spiked duplicates 

Laboratory control sample duplicates 

Sampling plus analytical variability at an established 
concentration. 
Analytical variabiility in the absence of sample matrix 

1 SurrOgate-spiLed sample sets 

1 Accuracy (kdudhg Bias and Recision) 
1 Matrix-spiked samples 

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

Analyte r-ry in the sample ma* indicating 
possiile matrix interferences and other effects. In a 
single sample, includes both random error ( i p r c d -  
sion) and systematic error (bias). 
Same as matrix-spiked samples. Used where a 
matrix-spiked sample k not feasible, such as ccrtaia 
staek sampling methods. 
Analyte recovery in the sample matrix, to the extent 
that the surrogate compounds are chemically simiiar 
to the compounds of interest. Primarily used as 
indicator of analytical efficacy. 
Analyte rctovcry in the absence of adual sample 
matrix efieds. Used as an indicator of analytical 
EootrOl. 
Analyte recovery in a matrix similar to the actual 

Mcdia-spikcd samples 

Surrogate-spiked samples 

Laboratory c o m l  samples (La) 

Standard Reference Material 

BlnnL Effects Y Field Blank I Total sampling plus analytical blaak effect. including 
sampling equipment and reagents, sample transport 
and storage. and analytical reagents and equipment. 
Blank effects arising from sample transport and 
storage. Typically used only for volatile organic 
compound analyscs. 
Blaak effects inherent in analytical method, including 
reagents and equipment. 
Blank effects from reagents used. 

Trip Blank 

Method Blauk 

Reagent Blank 
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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 

Representativeness expresses the degree to which sample data accurately and precisely 
represent a characteristic of a population, parameter variations at a sampling poinb 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. The results obtained for Site 101 are considered representative and 
comparable. 

Key characteristics of the QC results for the test are discussed in the following subsec- 
tions, including a discussion of the overall measurement precision, accuracy, and blank 
effects. 

Recision 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 datq 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 (RF’D). 

Accuracy is a measure of the degree of conformity of a value generated by a specilic 
procedure with the assumed or accepted true value, and 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 analylical 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 sampling, produce only estimates of recovery 
of the analyte through all of the measurement steps occurring after the addition of the 
spike. A good spike recovery tells little about the true value of the sample before 
spildng. 

Blank effects, including contamination and other artifacts, contribute to low-level 
measurement bias, which may or may not be significant, depending on the relative 
quantity of measure found in the investigative samples. 

Two areas of concern that should be considered by the data user involve sample 
preservation and holding time. AU liquor samples were received by the laboratory at a 
pH of approximately seven instead of the required pH of less than two due to an 
oversight in the field. Samples were adjusted to pH less than two and logged in for 
analysis; therefore, data quality should not be adversely affected. In addition, the 
analysis of six ash samples were performed outside the recommended holding time for 
anions (28 days) by three to fifteen days. These samples were originally leached with 
deionized water and analyzed, then were later logged in for sodium fusion with analysis 
of fluoride by SIE. As a resulf fluoride SIE results may be biased slightly low due to 
analysis outside holding time for the three bottom ash and baghouse ash samples. 
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The following potential areas of concern were indicated by the quality control data: 

Metals 

Matrix spike RPDs for barium in fly ash were well above the project precision 
objective ( ~ 2 0 %  RPD) and indicate that field sample results may also have very high 
variability in this matrix. 

Matrix spike recoveries for lime feed slurry solids showed good repeatability, but 
were slightly below project accuracy objectives for arsenic, lead, and selenium. 
Sample results for these analytes may be biased similarly low in this matrix. 

Matrix spike recoveries for blowdown slurry solids were below project objectives for 
lead and selenium. Matrix spike recoveries for blowdown slurry liquids were below 
project objectives for arsenic, selenium, and mercury. Matrix spike recoveries for 
process waters were low for arsenic, seleniuq and mercury. Sample results may be 
biased low for these matrices for arsenic, mercury, and lead. Selenium does not 
appear to be recovered hom these matrices. 

Matrix spike recoveries for stack nitric acid impingers indicate that selenium may be 
biased approximately 50% low in the sample results for this matrix. 

Method blank data indicate that several low-level metals results for field samples may 
be due to laboratory contamination Potentially affected results are listed in Appen- 
dix E and include quartz filter blank results for chromium, cobalt, and nickel; nitric 
acid impinger results for nickel and selenium; blowdown slurry and lime feed slurry 
solids results for phosphorus; and lime feed slurry solids, blowdown slurry solids, and 
process waters for cadmium 

Based on comparisons of field blank ICP-AES metal results and investigative sample 
ICP-AES metal results, the following FGD inlet and stack gas sample results may be 
affected by field contamination: manganese in nitric acid impinger samples, lead in 
the filter samples, and molybdenum in the filter samples. 

Anions 

Six anion matrix spike RPDs were above the project objective including fluoride in 
lime feed slurry solids, blowdown slurry solids, and fly ash. These results indicate 
that sample results for fluoride in these matrices may have greater than expected 
variability. 

Twelve anion matrix spike recoveries were below project objectives (80-120%) includ- 
ing fluoride in lime feed slurry solids, bottom ash, and fly ash. These results indicate 
that sample results for fluoride in these matrices may be biased low. 
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Anion method blank results were similar to anion results for several samples and 
indicated that some sample results may be due to laboratory contamination. Poten- 
tially affected results include fluoride in the three bottom ash samples. 

Based on field and trip blank results for volatile organics, two of eight field sample 
results for methylene chloride (10 ng and 71 ng during Run 1 at the stack) may be 
due to contamination. 

Metals 

Precision. Precision for metals analyses was estimated for sample and control matrices 
using field duplicate, matrix spike duplicate, and laboratory control duplicate results. 
One field duplicate pair was included with each matrix analyzed for metals except coal. 
Field duplicate results, presented in Table E-1 of Appendix E, indicate relatively low 
variability in duplicate pairs whose concentrations were above the detection limit. 
Relative percent differences (RF'Ds) outside the <20% project objective are not 
uncommon when sample results are at or near the detection limit; therefore, only field 
duplicate results that are at least three times the detection limit will be used to estimate 
precision. Field duplicate RPDs that indicate greater than expected variability include 
chromium (22%) in feed slurry solids, copper (28%) in feed slurry solids, and phosphorus 
(33%) in process water. Other sample results in these matrices may have similar 
variability for these analytes. Nonhomogeneity is a common contributor to variability in 
solid matrices, and may have been a factor in chromium and copper RF'Ds being slightly 
above the project objective. 

Matrix spike duplicate results indicate good overall precision for metals, as 297 out of 
304 RPDs were within the project objectives. Five RPDs for selenium and two for 
barium ranged fiom 65 to 544% RPD and were high in fly ash. Selenium RPDs were 
high because the matrix spike recoveries were near zero, and relative precision decreases 
substantially as the detection limit is approached; therefore, selenium results are more 
indicative of recovery problems instead of actual precision problems. In addition, a large 
amount of suspended solid was noted after fusion and had to be filtered out before 
analysis for the Run 2 fly ash sample and may have contributed to the high variability of 
these selenium results. Matrix spike RPDs for barium and selenium in fly ash may 
indicate greater than expected variability in field sample results for this matrix. 

Liboratory control duplicate results indicate that the analytical systems were in statistical 
control during sample analysis and that variability was within both laboratory and project 
objectives. 

Accuracy. Accuracy for the metals analyses was estimated in the actual sample 
matrices using matrix spike results, and in control sample matrices using laboratory 
control results. Accuracy for INAA and ICP-AES analyses of coal samples was estimat- 
ed using coal standard reference material results. Tables E-2, E-3, and E4 in Appendix 
E list results for matrix spikes, laboratory control samples, and standard reference 
materials, respectively. 
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Matrix spike recoveries for the large majority of target analytes were within the projed 
objectives (75-125%) and indicate acceptable overall accuracy. Three streams exhibited 
somewhat low matrix spike recoveries for arsenic, lead, and selenium. These streams 
were: lime slurry feed, FGD slurry blowdown, and process water. Spike levels may not 
have been high enough to differentiate between the spike and the native concentration. 
A large amount of suspended solid was noted that had to be filtered out before analysis 
for the selenium analysis of Run 2 fly ash sample. The suspended solid may have 
contributed to the low selenium recoveries for this sample. Matrix spike results indicate 
that the analytes listed above may be similarly biased in field sample results for corre- 
sponding matrices. 

Nitric acid impinger sample results for selenium were obtained using the method of 
standard addition because of unlmown matrix interferences. 

Metals in coal reference standard SARM-20 were analyzed by ICP-AES, GFAAS, 
CVAAS (by Commercial Testing and Engineering Co.) and by INAA @y North Carolina 
State University). Recoveries for all nine target analytes by ICP-AES, GFAAS, and 
CVAAS analysis were within the project objectives. As part of the INAA QC program, 
the laboratory also analyzed coal standard NBS 1632a along with the project samples; all 
recoveries were within the project objectives, indicating that the analysis was in control. 

Blank Effects. Blank effects were estimated for metals using method blank results (to 
monitor laboratory contamination), quartz filter blank results (to estimate levels of 
metals endogenous to the mter matrix), and field blank results (to gauge possible field 
contamination); blank corrections were not made for any sample results. Filter and field 
blank results are presented in Appendix E Tables E-5 and E-6, respectively. Filter blank 
results for several metals were not si@cantly different than one of the field blank 
sample results. Consequently, the results for selenium, phosphorus, and vanadium in the 
stack metals particulate field blank (sample FC101R-SG04MM",AF',FL) may be due to 
background metals in the blank filter media 

Filter and field blank results flagged with a "B also had some level of analyte measured 
in the corresponding method blank By referencing Table E-7, the probable source of 
contamination may be estimated. Any %-flagged" field blank results that are less than 
ten times the corresponding method blank result indicate that the field blank results may 
either be due to, or biased high by laboratory contamination. Any "B-flagged field 
blank results that are more than ten times the corresponding method blank result were 
not statistically affected by that method blank result. Based on comparisons of field 
blank results and investigative sample results, the following sample results may be 
affected by field or matrix contamination: manganese in nitric acid impinger samples, 
lead in the filter samples, and molybdenum in the filter samples. 

Method blank results for several analytes were similar to some of the sample results. 
Table E-7 in Appendix E lists the sample results that may either be due to, or biased 
slightly high by laboratory contamination based on method blank results. Those results 
that may be due to contamination include quartz filter blank results for chromium, 
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cobal6 and nickel; nitric acid impinger results for nickel and selenium; blowdown slurry 
and lime feed slurry solids results for phosphorus; and lime feed slurry solids, blowdown 
slurry solids, and process waters for cadmium. 

Anions 

Precision. Precision for metals analyses was estimated using field duplicate, matrix spike 
duplicate, and laboratory control duplicate results. Just as with the interpretation of 
metals duplicates, only concentrations three times the detection limit and greater were 
used to estimate precision. Only the blowdown slurry solids field duplicate RPD for 
chloride (35%) was greater than the project objective ( ~ 2 0 % )  and indicated greater than 
expected variability. All other matrices had field duplicate results that were either within 
the objective or had concentrations less than three times the detection limit 

Thirty-five out of forty-one matrix spike duplicate RPDs were reported as acceptable and 
indicate acceptable overall precision. All six of the RPDs above the project objective 
were for fluoride in the following matrices: lime feed slurry solids (32% and 40%), 
blowdown slurry solids (45% and 23%), and fly ash (158% and 30%). These results 
indicate that sample results for fluoride in these matrices may have greater than 
expected variability. 

Laboratory control duplicate results indicate that the analytical systems were in statistical 
control during sample analysis and that variability was within both laboratory and project 
objectives. 

Accuracy. Accuracy for anions was estimated using matrix spike results and laboratory 
control sample results. The large majority of matrix spike recoveries were within project 
spefications (8@120%). The spike recoveries outside the objectives were all for 
fluoride in various matrices including lime feed slurry solids, bottom ash, blowdown 
slurry solids, and fly ash. These results indicate that sample results for fluoride in these 
matrices m a y  be biased low. 

Laboratory control sample results were all within laboratory and project objectives, and 
indicate that the analyses were performed while the system was in statistical control. 
These results indicate that matrix effects may have caused the low bias in the fluoride 
recoveries for several matrix spike samples. 

Blank Effects. Blank effects for anions were estimated using method blank, iilter blank, 
and field blank results. The method blank results were similar to the results for several 
samples and indicate that the sample results may be due to laboratory contamination. 
Potentially affected results include fluoride in the three bottom ash samples (7.2, 5.9, and 
12.7 mg/kg); the associated method blank result for fluoride was 9.30 mg/kg. 

Filter and field blank results were at least 100 times less than the sample results for 
anions and should not affect data interpretation. 
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Volatile Organic Compounds 

Precision. Recision was estimated using data from three replicate sampling runs and 
include an element of intra-day sampling variability. The only results that could be used 
to calculate a coefficient of variation was for toluene (20%). This estimate indicates that 
precision was acceptable for this method. 

Accuracy. Accuracy was estimated using method spike and surrogate recoveries. Of 
the 39 volatile organics added to the method spike sample in the laboratory, only three 
compounds were outside laboratory tolerances (70-130%). Vinyl acetate (218%), 
o-xylene (60%), and 1,1,2,2-te~chloroethane (132%) were recovered above laboratory 
tolerances. None of these compounds was detected in the field samples, so no concern 
over bias is indicated for the investigative results. 

The field samples, method spike, and laboratory blank were spiked with three surrogate 
compounds (1,2-dichloroethane-4, toluene-&, and 4bromofluorobenzene). Out of 42 
surrogate recoveries, four were outside laboratory tolerances. Only one sample had 
more than one surrogate recovery outside lab tolerances. Toluene-4 (113%) and 
4bromofluorobenzene (79%) were just outside the tolerances (83-108% and 80-107%, 
respectively). 12-Dichloroethane-4 was recovered low (62% and 43%, tolerances 75- 
111%) in two samples. Because a majority of surrogate recoveries were acceptable, and 
because those recoveries that were out were just slightly out, data interpretation m a y  be 
considered unafEeaed and accuracy acceptable. 

Blank Effects. Blank effects for volatile organic analyses were estimated using a 
laboratory blank, a b-ip blank, and three field blanks (one for each sample collection 
day). No compounds were detected in the laboratory blank, indicating that data 
interpretation should not be affected by bias due to laboratory contamination. 

Trichlorofluoromethane and methylene chloride were detected in the trip blank at 19 
and 150 ng, respectively (detection limit, 10 ng for both compounds). Field sample 
results with concentrations of trichlorofluoromethane similar to that reported for the trip 
blank include FCIOlR-SGOlV09L (38 ng) and FCIOlR-SGOlV02L (23 ng). Methylene 
chloride was reported at levels less than that reported for the trip blank in samples 
FClOlR-SGOIVOlL (10 ng), FClOlR-SGOlV02L (71 ng), and field blank FClOlR- 
SG03V09L (12 ng). These results may be due to contamination from shipping or sample 
storage activities. 

Three compounds (trichlorofluoromethane at 38 ng, carbon disulfide at 30 ng, and 
methylene chloride at 770 ng) were detected in the field blank collected on the first 
sampling day; no compounds were detected in the field blank collected on the second 
day of sampling; one compound (methylene chloride at 12 ng) was detected in the field 
blank collected on the third sampling day. Trichlorofluoromethane was also detected in 
the trip blank, so the field blank result may be due to sample shipping or storage 
contamination. Carbon disulfide was not detected in any field samples, so data interpre- 
tarion was not affected by field contamination for this compound. Methylene chloride 

' 
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was detected in two of three field blanks and the trip blank at concentrations of 12, 150, 
and 770 ng. Due to the fact that the methylene chloride hits were sporadic, and that 
methylene chloride is a common laboratory contaminant, it is possible that the blank 
results were due to sporadic laboratory contamination However, because the laboratory 
blank did not have any methylene chloride detected, it is also possible that somehow the 
sampling activities contaminated two field blanks and the trip blank, although methylene 
chloride was not used by the field crew at this sampling site. Two of eight field samples 
had methylene chloride reported as present including FCIOIR-SGOlVOlL (at 10 ng) and 
FClOlR-SGOlV02L (at 71 ng); these results may be due to contamination. 

Mercury Speciation (Frontier Geosciences Method) 

Precision. Precision was estimated using data from three replicate sampling runs and 
include an element of intra-day sampling variability. Precision could not be estimated 
numerically for methyl mercury because none was detected in any field samples. 
Coefficients of variation for inlet FGD results for elemental and ionic mercury were 39% 
and 13%, respectively. Outlet FGD coefficients of variation for elemental and ionic 
mercury were 15% and 28%, respectively. The elemental mercury value from the third 
inlet FGD run was half that of the first two runs, and the ionic mercury value from the 
first inlet FGD run was about half that of the last two runs; however, the total mercury 
values (7.6% CV for inlet FGD and 21% CV for outlet FGD) indicate that overall 
precision was acceptable. 

Accuracy. Accuracy was estimated using laboratory spike recoveries, and was accept- 
able for both elemental and ionic mercury. No laboratory spike results were reported 
for methyl mercury, so accuracy could not be estimated for that specie. Elemental and 
ionic mercury laboratory spike recoveries ranged from 98 to 105% and indicated 
excellent performance for both species. 

Blank Effects. Blank effects were estimated using field blank results for all three 
mercury species. Results for elemental, ionic, and methyl mercury were corrected for 
field blank concentrations, so bias due to field or matrix contamination has been 
accounted for in the sample results. Combined trap A and B field blank results were 
21.8 ng/trap for elemental mercury, 153  ng/trap for ionic mercury, and <OS4 ng/trap 
for methyl mercury. 

Material Balances 

Evaluating data consistency can be another overall data quality evaluation tool. Material 
balances for major 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 identlfy analytical biases in one or more types of samples. 
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I 95% CI Substan- Outfln (%) 

Major Spuics 

cadmium 
UlIOrid.2 

Chromium 

NCb - 
126 29 

85 31 

I so 41 

Lead 38 23 

Manganm 83 23 

Mercury 111 30 
Molybdenum 7 7 

NICLCI NC - 
Phosphorus m 26 

. 

Vanadium 70 u 

, ‘A& balance dosure was forecd 
I 
I bNC = Not calculated becaw the substance vns not detected i0 the d. 
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The results of material balances around the unit as a whole are shown in Table 4-6. 
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 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, 
which is discussed in detail in Appendix D. 

The material balance calculation included the coal, the feed slurry, and the process water 
as inlet streams. The outlet streams were the bottom ash, the baghouse ash, the 
blowdown slurry, and the stack gas. 

Closures for the major species met the project goal, which supports the stream flow rates 
used in the material balances. Of the 15 target substances detected in the coal, 6 have 
closures which meet the project goal. Another six target substances have closures 
between 50 and 150 percent. The relatively poor closures for lead, molybdenum, and 
phosphorus may indicate a sigmhant bias in one or more process streams. 
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5 
EXAMPLE CALCULATIONS 

This section presents selected examples of the calculations used to develop the results 
shown in Section 3. Specifically, the calculation of stream flow rates, mean concentration 
values and confidence intervals, emission factors, and removal efficiencies are presented. 

Stream Flow Rates 

Appendix F contains information about the stream flow rates measured at Site 101 
during the sampling period. Coal feeder speeds were obtained from the data aquisition 
system, and were converted to coal flow rates using a factor of 119 lb/hr per rpm. Stack 
gas flow rates were measured during samphg, and the flow rate of the FGD inlet gas 
(or baghouse outlet gas), on a dry basis, was assumed to be equal to that of the stack 
gas. 

The bottom ash and baghouse ash flow rates were calculated kom the coal ash rate, 
using the bottom ash/baghouse ash split determined from truck disposal logs. Because 
the FGD sludge is mixed with he baghouse ash before being loaded into trucks, its 
contribution to the disposal rate of baghouse ash was subtracted. 

Totalizers were present on the two streams, makeup water and process water, used in the 
mist eliminator blend tank. These readings (in gallons) were recorded at midnight on 
the FGD control room logs. The water totals were divided by 24 hours to calculate an 
average flow rate for each day of testing. 

The flow rates of the slurry feed and the blowdown slurry were calculated from material 
balances around the FGD system on sulfur and calcium. The percent solids of each 
slurry sample was determined during sample preparation, and these values were used to 
determine the individual contributions of the solid and liquid fractions of the slurries. 

Means and Confidence Intervals lor 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 D. Example calculations for arsenic 
in the FGD inlet gas here; these results were shown in Table 3-2. 

The concentration data (in pg/Nm ’) given for arsenic in Table 3-2 are: 
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-1 -2 Run3 

Solid Phase 0.89 0.52 0.69 

Vapor Phase ND(O.15) ND(0.14) ND(0.14) 
Total 0.89 0.52 0.69 

The mean is calculated hom the individual run totals: 

Mean = (0.89 + 0.52 + 0.69)/3 

= 0.70 

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

S, = (I [(0.89-0.70r + (052-0.70r + (0.69-0.70)~] /2 

= 0.185 

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

s P = 0.185/6 

= 0.107 

The bias error is found by root-sum-squaring the product of the bias error and the 
sensitivity kom each run (see Equation 2 in Appendix D). According to the conventions 
listed in Section 3, no bias error is assigned to values above detection 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 rhis case is 1/3. 

B, = / (1/3 x 0)’ + (1/3 x 0)2 + (1/3 x 0). 

= o  
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The total uncertainty in the result is found from Equation 1 in Appendix D: 

= \Id + (4303 x 0.107)* 

= 0.46 

Thus, the result is reported as 0.70 f 0.46 pg/Nm 

UnR Energy Emlsslon Factors 

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

For example, note the calculation of the stack emission factor for arsenic. The mean 
coal flow rate is 661,000 lb/hr on a dry basis. The mean HHV of the mal is 10,200 
Btu/lb on a dry basis. Multiplying the coal flow rate by the HHV gives a mean beat 
input of 6.7 x 10 Btu/hr. The mean arsenic mass flow through the stack (the product 
of the mean concentration, 0.40 pg/Nm ’, and the mean gas flow rate, 2,580,000 
Nm’/hr) is 1.0 x 10 pg/ lu  or 0.0023 lb/hr. When the mean mass flow rate is divided 
by the mean heat input, an emission factor of 034 lb/10 l2 Btu is obtained, as shown in 
Table 3-8. 

The 95% confidence intervals for emission factors were calculated according to the 
equations presented in Appendix D. For each parameter (flue gas flow rate, concentra- 
tion, coal flow rate, and HHV) the mean, standard deviation, number of points, and bias 
estimates were used to calculate the combined uncertainty in the mean emission factors. 

I Removal Efficiencies 

Because the flue gas flow rates at the FGD inlet and the stack were assumed to be the 
same, the FGD system removal efficiencies were simply calculated from the mean 
elemental concentrations at the FGD inlet and the stack. For example, for arsenic the 
mean FGD inlet concentration is 0.70 pg/Nm’, and the mean stack concentration is 
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0.40 pg/Nm’. The removal efficiency is, therefore, lOO’(1-0.40/0.70) = 43%, as shown 
in Table 3-9. 

The composition of the baghouse inlet gas was not measured directly. Instead, the mass 
rate of elements in this stream were calculated by subtracting the elemental mass rates 
in the bottom ash from those in the coal. For example, the mass rate of arsenic in the 
coal (the product of the mean arsenic concentration, 2.6 mg/kg, and the mean flow rate, 
661,OOO lb/hr) is 1.72 lb/hr. The m a s  rate of arsenic in the bottom ash ( the product of 
the mean concentration, 4.8 mg/kg, and the mean flow rate, 38,500 lb/hr) is 0.18 lb/hr. 
Subtracting this mass rate from that in the coal gives a mass rate of 154  lb/hr in the 
baghouse inlet gas. 

The fabric filter removal efficiency was calculated from the FGD inlet (equivalent to 
baghouse outlet) mass rate and the baghouse inlet mass rate. For example, the mass 
rate of arsenic in the baghouse outlet gas (the product of the mean concentration, 0.70 
pg/Nm3 and the mean flow rate, 2,580,OOO Nm’/hr) is 0.0040 lb/hr. The fabric filter 
removal efficiency for arsenic is therefore 100*(1-0.0040/154) = 99.7%, as shown in 
Table 3-9. 

The combined fabric tilter/FGD removal efficiency was calculated bom the stack mass 
rate and the baghouse inlet mass rate. For example, the mass rate of arsenic in the 
stack is 0.0023 lb/hr, as calculated in the emission factor example. The combined fabric 
ater/FGD removal efficiency for arsenic is, therefore, 1OO’(1-0.0023/154) = 99.85%, as 
shown in Table 3-9. 

The 95% confidence intervals for removal efficiencies were calculated according to the 
equations presented in Appendix D. 



GLOSSARY 

BtU 
CAAA 
CI 
cv 
cvAAs 
DGA 
DQO 
dscfm 
GFAAS 
HGAAS 
HHV 
IC 
ICP-AES 
INAA 
ISE 
MS/MSD 
M w  
NC 
ND 
NlST 

Nm' 
QAIQC 
RPD 

British Thermal Unit 
Clean Air Act Amendments of 1990 
Confidence Interval 
Coefficient of Variation 
Cold Vapor Atomic Absorption Spectrophotometry 
Double Gold Amalgamation 
Data Qual@ Objective 
Dry Standard Cubic Feet per Minute (1 atm, 68°F) 
Graphite Furnace Atomic Absorption Spectrophotometry 
Hydride Generation Atomic Absorption Spectrophotometry 
Higher Heating Value 
Ion Chromatography 
Inductively Coupled Plasma Atomic Emission Spectrometry 
Instrumental Neutron Activation Analysis 
Ion Selective Elemode 
Matrix Spike/Matrix Spike Duplicate 
Megawatt or Microwave 
Not Calculated 
Not Detected (below detection limit) 
National Institute of Standards and Technology (formerly 
National Bureau of Standards, NBS) 
Dry Normal Cubic Meter (OOC, 1 a m )  
Quality hsurance/Quality Control 
Relative Percent Difference 
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APPENDIX A: SAMPLE COLLECTION, 
PREPARATION, AND ANALYSIS 

This appendix presents the methods used to collect and analp each type of sample. 

Multi-Metals Sampling Trains 

Multi-metals samples were collected according to the procedure described in Section 3.1 
of 40 CFR, Part 266, Appendix E, "Methodology for the Determination of Metals 
Emissions bom Hazardous Waste Incineration and Similar Combustion Processes," with 
modifications as noted here. This method provides for the collection of a flue gas 
sample at isokjnetic conditions while traversing the duct according to EPA Method 1. 
Particulate matter is collected on a filter (which is also used to determine particulate 
loading) and the vapor-phase species are absorbed in an impinger train consisting oE 

Two impingers containing 5% HNO,/lO% H,O,, which are analyzed for all metals 
of interest; and 

Two impingers containing 4% KMnO.,/lO% H,SO,, which are analyzed for mercury 
only. 

The multi-metals method specifies that HNO,/H,O, impinger solutions be evaporated 
to near dryness prior to analysis. However, due to concern over the possible loss of 
volatile metals, this procedure was not followed. Instead, the impinger solutions were 
analyzed as recovered to avoid any loss of volatile metals. 

Stack 

Samples were collected at the stack according to the multi-metals method. A Method 5 
type train was used, with particulate matter captured on an out-of-stack quartz filter 
maintained at 250°F during sampling. The glass-lined probe was also maintained at 
250°F. A 16-point (4 x 4) traverse was used. After sampling, the glass nozzle and probe 
liner were rinsed fist  with acetone, then with 0.1 N nitric acid according to the multi- 
metals method. 

A- 1 

DO NOT CTE OR OUOTE 



Appendix A Sample Collection, Preparation, and Analysis 

FGD Inlet 

The multi-metals method was modified to accommodate the 20-foof vertical probe 
required for sampling at the FGD inlet. A small oven (maintained at 250°F) containing 
the quartz filter was attached directly to the exit of the probe, and a Teflon@ transfer 
line connected the filter holder to the impinger t r a h  

The probe was not equipped with pitot tubes or a thermocouple, so velocity and 
temperature could not be measured during sample collection. Therefore, velocity and 
temperature profiles were performed just prior to the sampling each day to determine 
the isokinetic sampling rate. A second set of velocity and temperature profiles was taken 
immediately after sampling to venfy that the conditions were stable. 

A 24point (3 x 8) traverse of the duct was made in collecting the samples. After 
sampling, the glass nozzle and probe liner were rinsed first with acetone, then with 0.1 N 
nitric acid according to the multi-metals method. The Teflon@ transfer line was rinsed 
with 0.1 N nitric acid, and this rinse was added to the contents of the first impinger. 

Anions Sampllng Trains 

Anions samples were collected using a Radian procedure designed for collection of HCI, 
HF, and SO,. Particulate matter is captured on a filter and the acid gases are absorbed 
in an impinger train consisting of two impinges containing a solution of 0.013% 
Na,CO,, 0.013% NaHCO,, and 6% H,O,. 

Stack 

Except for the impinger solutions, the anions train was configured identically to the 
metals train used at the stack. A 16-point (4 x 4) traverse was used to collect the 
samples. After sampling, the glass nozzle and probe liner were rinsed with deionized 
water. 

FGD Inlet 

Except for the impinger solutions, the anions train was configured identically to the 
metals train used at the FGD inlet. A %point (3 x 8) traverse was used to collect the 
samples. During sample recovery, the glass n o d e  and probe liner were rinsed with 
deionized water. The Teflon transfer line was also rinsed with deionized water, and this 
rinse was added to the contents of the first impinger. 

Volatile Organic Sampling Traln (VOST) 

Samples for volatile organic compounds were collected at the stack according to SW-846 
Method 0030 "Volatile Organic Sampling Train (VOST)." Volatile organics are captured 
by a pair of sorbent resin traps in series and maintained at 20°C. The first trap contains 
Tenax and the second trap contains Tenax followed by petroleum-based charcoal. 
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Samples are collected at a rate of 05 liters per minute from a fixed point in the stack. 
After sampling, the resin traps are sealed and returned to the laboratory for analysis. 
Each run included the collection of three 20-L samples. 

Mercury Speclatlon Train 

The Frontier Geosciences mercury speciation method was used to collect samples at the 
stack and the FGD inlet The solid sorbent technique was developed by Nicholas 
Bloom, now with Frontier Geosciences, Inc., but formerly with Brooks Rand, Ltd. A 
quartz-lined probe was inserted into the duct, and flue gas was extracted non-isokinetic- 
ally from a single point at a rate of 05 liters per minute. The flue gas then passed 
through a series of four solid adsorbent cartridges which were used to trap the various 
vapor-phase mercury species. The cartridges were maintained at approximately 110" C in 
a heated jacket outside the duct. The fist two cutridges contained KCl-impregnated 
soda lime which is designed to capture ionic mercury species (Hg2'). The third and 
fourth camidges contained iodated carbon, which is designed to capture elemental 
mercury. A glass wool plug ahead of the adsorbent cartridges prevented particulate from 
entering the adsorbents. This plug was not analyzed, because the single-point, non- 
isokinetic sampling does not provide representative particulate capture. Only vapor- 
phase species were determined. 

The KCl/soda lime traps were dissolved in citric acid solutions. (Earlier in the FCEM 
project, acetic aad  solutions were used, but Frontier Geosciences switched to cihic acid 
to avoid the production of methyl mercury artifacts during dissolution.) Ionic and methyl 
mercury were determined by aqueous-phase ethylation, purging onto a carbotrap, 
cryogenic GC separation, and detection with cold vapor atomic fluorescence spectrome- 
try (WAFS). Ionic mercury was determined as diethyl mercury. Elemental mercury on 
iodated carbon traps was determined by digesting with a mixture of HN03/H2S0,  and 
BrC1, reducing with SnCl,, purging and preconcentrating on gold, and detecting with 
WAFS. 

Process Sample Collectlon 

The details of sample collection at each location are listed below. 

Coal 

Coal samples were collected by the plant's automatic system, which samples coal from 
the conveyor belts leading to the bunkers. Forty-pound bags of 8-mesh coal were 
available every one to two hours. Radian obtained two-pound splits kom each sample 
batch. For each run, the individual splits representative of the flue gas sampling period 
(accounting for an eight-hour lag time before the coal is burned) were combined into a 
composite sample and submitted for analysis. 
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Bottom Ash 

Bottom ash samples were collected using a plastic dipper during active sluicing, which 
occurred for approximately one hour every three hours. Individual grab samples were 
taken every ten minutes from the discharge of the sluice pipe (at the top of the settling 
tank) and combined in a plastic bucket. The composite samples were allowed to settle 
overnight, and the water was decanted before'the wet solids were scooped into sample 
bottles. 

Baghouse Ash 

Baghouse ash samples were collected with a polyester bag from taps on one hopper for 
each of the four baghouses. These hoppers were determined by plant personnel to be 
representative of the total baghouse catch. Equal portions of ash were collected from 
the hoppers every two hours and combined in a plastic bucket. 

Feed Slurry 

Lime slurry feed samples were collected from the feed tank by lowering a plastic bucket 
into the tank with a rope. Grab samples were collected twice a day, near the beginnins 
and the end of each test run, and combined into a single composite for each run. 

slurry Blo wdo wn 

Slurry blowdown samples were collected from taps on the slurry recycle pumps for each 
of the four modules in service. Equal portions of slurry from each module were 
collected twice a day, near the beginning and the end of each run, and combined into a 
single composite for each run. 

Process Wafer 

Process water samples were collected from a tap near the process water tank. Grab 
samples were taken twice a day, near the beginning and the end of each run, and 
combined into a single composite sample for each run 

Makeup Wafer 

Makeup water was collected from a tap near the spray blend tank. A single grab sample 
was taken near the end of Run 3. 

Spray Blend Wafer 

Spray blend water was collected from a tap near the spray blend tank. A single grab 
sample was taken near the end of Run 3. 
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Detailed Sample Collection/Preparatlon/Analysls Tables 

Table A-1 lists the techniques used to collect, preserve, and handle the samples at Site 
101. M y t i c a l  methods applied to coal samples are listed in Table A-2. Analytical 
methods for inorganic species in other samples are listed in Table A-3. The analytical 
methods applied to organic compounds are listed in Table A-4. 
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Table A-2 
Preparation Procedures and Chemical Analysis Methods 
Applied to Coal at Site 101 

Component Method Reference 

Ultimate Analysis of Coal 
Ash ASTM D3174 
Carbon ASTM D3178 
Hydrogen ASTM D3178 
Nitrogen ASTM D3179 
S d f U  ASTM D4239 
Heating Value ASTM D2015 

Proximate Analysis of Coal 
Moisture ASTM D3173 
Ash ASTM D3174 
Volatiles ASTM D3175 
Fixed Carbon Calculated 

Target Elements by INA4 
Reparation - None 
Analysis by INAA 

Arsenic 
Barium 
Cadmium 
Chlorine 
C h I O m i u m  
Cobalt 
Copper 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Vanadium 

Karr, Chapters 12 and 46 
Karr, Chapters 12 and 46 
Karr, Chapters 12 and 46 
Karr, Chapters 12 and 46 
Karr, Chapters 12 and 46 
Karr, Chapters 12 and 46 
Karr, Chapters 12 and 46 
Karr, Chapters 12 and 46 
Karr, Chapters 12 and 46 
Karr, Chapters 12 and 46 
Karr, Chapters 12 and 46 
Karr, Chapters 12 and 46 
Karr, Chapters 12 and 46 
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qDpendix k Sample Collection, Preparation. and Analpis 

Table A-2 (Continued) 

Component Method Reference 

Chlorine and Fluorine in Coal 
Preparation 

Oxygen Bomb Digestion 
Analysis by Potentiometric Titration 

Chloride SM 4500 
Analysis by Ion Selective Electrode 

Fluoride ASTM D3761 

ASTM D2361/ASTM D3761 

Be, Cr, (31, Mn, Ni, and P in Coal 

Ashing at 500" C/Acid Digestion 

Beryllium SW 6010 
(3hrOmium SW 6010 
Copper SW 6010 
Manganese SW 6010 
Nickel SW 6010 
Phosphorus SW 6010 

ASTM D3683 
Analysis by ID-AES 

As, Cd, Pb, and Se in Coal 
Preparation 

Analysis by GFAAS 
Oxygen Bomb CombustionfAcid Digestion 

Arsenic SW 7060 
cadmium SW 7131 
Lead SW 7421 
Selenium SW 7740 

ASTM D3684 

Mercury in Coal 
Preparation 

Analysis by CVAAS 
Double Gold Amalgamation Karr, Chapter 14 

Mercury Karr, Chapter 14 
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nppendk A. Sample Collection, Preparation, and Analysis 

Table A-2 (Continued) 

Component Method Reference 

Additional Inorganic Analytes in Coal 
Reparation - None 
Analysis by INAA 

Aluminum 
Antimony 
Iron 
sodium 
Titanium 

Karr, Chapters 12 and 46 
Karr, Chapters 12 and 46 
Karr, Chapters 12 and 46 
Karr, Chapters 12 and 46 
Karr, Chapters 12 and 46 

Karr, C. Jr, (4, 'Analytical Methods for Coal and Coal Products.' 

SW is EPA SW-846, Tcst Methods for Evaluating Solid Waste'. 

SM is Standard Methods for the ExamiDation of Water and Wastewater.' 16th Edition. 
ASTM is American Sodety for Testing and Materials. 
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Appendix A. Sample Collection, Preparation, and Analysis 

3 
U 

A-13 

DO NOT C m  OR OUOTE 



nppendbrk Sample Collection, Preparation, and Analysis . .  

Table A 4  
Preparation Procedures and Chemical Analysis Methods Used to Measure Organic 
Compounds at Site 101 

Method Water 
Component Reference Flue Gas Ashes Samples 

Volatile Organic Compounds 
Sample Collection 

VOST SW 0030 X O  

Benzene sw 8240 X O  
Toluene SW 8240 X O  

Analysis by GC-MS 

SW is EPA SW-846, Test Methods for Evaluating Solid Waste.' 
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APPENDIX B: 
ANALYTICAL DATA USED IN CALCULATIONS 

Key to Data Flags: 

Flae DescnDtion 

@ 
< 

Concentration is less than five times the detection limit. 
Less than the detection limit 

B-1 

DO NOT CITE OR QUOTE 



Appendix 8: Analytical Dam Used In Calculations 

B-3 

DO NOT CITE OR QUOTE 



nppendix 8: Analybcal Dam Used In Calculations 

N 

c . 
I 
c 

r: 
! 

: 

L 
L 
1 
I 

6 
L 

c 
; 
E 
c 
E c 
1 

E 
U 
I 

. 

.: 
I 

I 

i 

I 
E 

? 

? 

L 
L 
1 
I 

: 
L 

: 
f 

; 

f 

e 
E 

I 

L 

E 
U 
I 

a 
a 
1 

d 
a 
c 
6 

> > 

E 
2 ; 

I 
L 

I 
a 

! 

I 
V x 
e 
c 

c 
U 
3 
r 
U 
e 
I 
L 

I 

2 

! 

E 
n 
I 

i 
> 

h 
1 
E > 

e 
g 

r: 
L 

I 

6 

a 

L 

3 
I 

f 
f 

I 
! 

E 
i 
I 
I 

- DO NOT CITE OR OUOTE 



nppendix 8: Anawcd Data Used In Calculations 

m 

B-5 

DO NOT CITE OR QUOTE 



40pencfix 8: Analylical Data Used In Calculations 

B-6 

- DO NOT ClTE OR OUOTE 



Appendix 8: Analylical Dam Used In Calculations 

ul 

B-7 

DO NOT C T E  OR OUOTE 



&pendir B: A n w c a l  Data Used In Calculations 

B-8 

DO NOT CITE OR QUOTE 



qDpendix E: Analy?ical Data Used In Calculations 
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Appendix 13: Analytical Data Used In Calculations 
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APPENDIX C: 
ANALYTICAL DATA NOT USED IN CALCULATIONS 

Key to Data Flags: 

Flae Descrintion 

@ 
< 

Concentration is less than five times the detection limit. 

Less than the detection limit. 
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APPENDIX D: UNCERTAINTY FORMULAS 

An error propagation analysis was performed on calculated results to determine the 
contribution of process, sampling, and analytical variability, and measurement bias, to the 
overall uncertainty in the result. This uncertainty was determined by propagating the 
bias and precision error of individual parameters through the calculation of the results. 
This uncertainty does not represent the total uncertahty in the result since many 
important bias errors are unknown and have been assigned a value of zero for this 
analysis. Also, this uncertainty is only for the period of time that the measurements were 
taken 

This method is based on ANSI/ASME PTC 19.1-1985, "Measurement Uncertainty." 

Nomenclature 

Calculated result; 
Sample standard deviation of parameter i; 
Sensiti~ty of the result to parameter i; 
Bias error estimate for parameter i; 
Degrees of freedom in parameter i; 
Degrees of freedom in result; 
Precision component of result uncertainty; 
Bias component of result uncertainty; 
Student "t" factor (two-tailed dismbution at 95% confidence); 
Uncertainty in r; and 
Number of measurements of parameter i. 

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

u, = /- 
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nppendir D: Uncertainly Formulas 

The components are calculated by combining the errors in the parameters used in the 
result calculation. 

i= l  

i = l  

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

h e. = - 
' a P i  

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

Equation 5 was applied to the calculations in this report. The perturbation selected for 
each parameter was the larger of the normalized standard deviation, ST, or the bias, Bpi. 

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

The degrees of freedom for each parameter is found from 

V. = N.-1 
I I 
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Appendix D: Uncem'w Formulas 

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

s.' 

The student "t" in Equation 1 is associated with the degrees of freedom in the result. 

The precision error terms are easily generated from the collected data The bias error 
terms are more =cult to quantify. The following conventions were used for this 
report: 

5% bias on coal and ash flow rates. 

No bias in gas flow rates. 

No bias in analytical results if the result is greater than the detection limit. One-half 
of the detection limit is used for both the parameter value and its bias in calculations 
if the result is below the detection limit 

Assignment of the flow rate bias values is based on engineering judgment. No bias is 
assigned to the analyiical results (above the detection limit) or gas flow rate since a good 
estimate for magnitude of these terms is unknown. These bias terms may be very large 
(relative to the mean values of the parameters) and may represent a large amount of 
unaccounted uncertainty in each result. M y t i c a l  bias near the instrument detection 
limit m a y  be especially large. The uncertainty values calculated for this report are, 
therefore, subject to these limitations. 

The calculations assume that the population distribution of each measurement is normal 
and that the samples collected reflect the true population. Also, the uncertainty 
calculated is only for the average value over the sampling period. The uncertainty does 
not represent long-term process variations. In other words, the calculated uncertainty 
does not indude a term to reflect the fact that the sampled system may not have been 
operating (and emitting) at conditions equivalent to the average conditions for that 
system over a longer period. 

hprovements in bias estimates wil l  be made as more data are collected and the QA/QC 
database is expanded. Spike and standard recoveries can be used to estimate analytical 
bias. Also, as the analytical methods improve, accuracy 
m e  bias of the analy-tical results being closer to the zero bias now assigned. Accounting 
for long-term system variability will require repeated sampling trips to the same location. 

improve, resulting in the 
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qoPendix E: QA/QC Results 

Table E4 
Coal Standard Reference Material Results 

'Analyzed by Commercial Testing and Engineering Company. 
bUnecrti6ed/approximate value. 
'Based on dry weight values. 
*Anal& by North Carolina State University. 
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Appendix E: OA/OC Results 

8401574 
840 I574 
9401574 
9401574 
8101514 

8401514 
8441574 
9401574 
9401574 
9401574 

9401514 
9401574 
9401574 
9401574 
9401574 

9401574 
9401574 

9401574 
9401574 
9401574 
9401574 
9401514 

9401574 
9401574 
9401574 
9401574 
9401574 
9401574 
8401574 
9401574 
9401514 
9401574 

9401574 
9401574 
8401574 
9401574 
8401574 

9401 574 
9401574 

9401574 
9401574 
9401574 
9401574 

9401574 
9401574 
9401574 
8401574 
8401574 

9401292 
9401292 
9401292 

9401292 
9401292 

9401292 
9401292 

m o i n 4  

mois2 

FClOlR-SCO4MMNP,AP.FL 
FC I O 1  R - fl.TER 02 BANK 
tClO1R-flLTER03 BLANK 
FCIOIR-FILTER 04 BLANK 
FCIOIR-flLTER 05 BLANK 

FClOlR- SG04MMNPM.FL 
FClOIR-FILTER 02 BLANK 
GClOlR-FILTER 03 BLANK 
FClOlR-FILTER04 BLANK 
FClOlR-flLTER05 BLANK 

FClOlR-SG04MMNPAP.FL 
FC10lR-flLTER02 BLANK 
CClOlR-flLTER03 BLANK 
FClOlR-FILTER04 BLANK 
FClOlR-fl~TER05BANK 

FCIOIR-SCMMMNPAPSL 
FCIOIR-flLTW05 BLANK 

FClOtR-SGO4MMNPAPfL 
FClOlR-flLTER02 BLANK 
FClOlR-FILTER 03 BLANK 
FCIOlR-FILTER04 BLANK 
FCIOlR-FILTER05 BUNK 

FClOl R-SGOlMMNP.AP.FL 
FClOl R-SGWW4NPAP.F 
FClOlR-SGMMMNPAPFL 
FClOlR-HGOlMMNPAP.FL 
FClOl R-HG02MMNPAP.FL 
FClOl R-HGOSMMNPAP.FL 
FClOlR-flLTER02 BLANK 
FClOlR-flLTER03 BLANK 
FCIOIR-FILTER04 BLANK 
FClOlR-flLTER05 BLANK 

FCIOlR-SG04MMNPAP.R 
FClOlR-FILTER 02 BLANK 
FCI 01 R-  flLTEU 03 BLANK 
FClOlR-flLTW04 BLANK 
FClOlR-flLTER05 BLANK 

FCl 01 R- SGOIMMNPAPFL 
FC 101 R- SGMMMNPAPFL 
FClOl R-HG03MMNPAPfL 
FCl01R-flLTER02 BLANK 
FCl 01 R- flLTER 03 BLANK 
FClOlR-FILTER01 BANK 
FClO1 R-  flLTEU 05 BLANK 

FClOl R-SG04MMNPAP.FL 
FClOlR-flLTER02 BLANK 
FClOlR-flLTER03 BLANK 
FCl 01 R-flLTER 04 BLANK 
FClOIR-flLTER05 BLANK 

FClOl R-  SG03MMNI 
FClOlR-HCOIMMNI 
FClOlR-HG02MMNI 

FClOlR-SGOlMMNI 
FCl OIR- SCi02MMNI 
FCl 01 R-  SGOSMMNI 
FC IO1 R-  HtOlMMNl 
FCI 01 R-HG02MMNI 

Lead 
LMd 
LMd 
b a d  
Lead 

5.lenlum 
Sslanium 
Sslenium 
Sslanlum 
Sshnlum 

Pholphmr 
Pholphms 
Phwhmr 
Phmphmr  
P h w h m r  

Cadmbm 
Cad-m 

C h r d u m  
Chromium 
Chromium 
Chromium 
Chiomum 

Cdban 
b b a n  
cobalt 
C*& 
Coban 
Coban 
Coban 
Coban 
cobalt 
cobalt 

copp.r 
Copper 
C0PF-I 
C0Pp.r 
C0Pp.r 

Nlclr.1 
Nldd 
N l d d  
Nickel 
Nidd 
Nl&d 
Nlckel 

VMadUm 
VMadUm 
Vanadurn 
V d b m  
VMadbm 

Antimoy 
AmimDy 
AnP-may 

C h I D mi Y m 
Chromium 
Chromium 

Chromium 
Chromium 

0.430 ug 
0.1 18 ug 
0.110ug 

0.136"O 

0.212ug 
0.1eQug 
O.ll2ug 
0.198 ug 

649 ug 

9.89 Ue 
5.49 ug 

0.172~0 

0.238 ug 

11.3ug 

l l . 3ug  

0.317ug 
0.0880 Jug 

885 ug 
1 . 1 3 ~ 0  
1.32 ug 
1.09 ug 
0.824 ug 

1.02 Ue 
0.847 ug 
0.198Jug 
2.07 ug 
2.6) ug 
2.75 ug 
0.445 Jug 
0.03lOJug 
0.1 13 J Ug 
0.609 Ue 

1 . s  ug 

0.881 ug 
0.820 ug 

11.2ug 
4.26 ug 
9.46 ug 
0.796 Jug 
1.04 Jug 
1 .20 ug 
0.616 Jug 

0.508 ug 

0.490 ug 

0.471 ug 

0.323 Jug 
0.283 Jug 
0.345 Jug 
0.249 J Ug 

0.0357 mgn 
0.0109 J mgn 
0.00224 J man 

0.00635 mgn 
0.00259 mgfl 
0.00308 mgn 
0.w990 mgfl 
o.wt6.1 mgn 

0.0520 ug 
0.0520 ug 
0.0520 ug 
0.0520 ug 
0.0520 Ug 

0.0180 Jug 
0.0480 Jug 
0.0480 Jug 
0.0480 Jug 
0.0480 Jug 

1.61 Jug 
1.61 Jug 
1.61Jug 
1.61Jug 
1.61 Jug 

0~0550 Jug 
0.0550 Jug 

0.630 ug 
0.630 ug 
0.630 ug 
0.630 ug 
0.630 "9 

0.331 ug 
0.331 ug 
0.331 ug 

0.331 ug 
0.331 ug 

0.331 ug 

0,331 ug 
0.331 Ug 
0.331 ug 
0.331 ug 

0.471 ug 
0.471 ug 
0~471 ug 
0.471 ug 
0.471 Ug 

1.20ug 
1.20ug 
1.20ug 
1.20ug 
1.20 ug 
1 .20 ug 
1.20ug 

0.0550 Jug 
0~0550 Jug 
0.0550 Jug 
0.0550 Jug 
0.0550 Jug 

o.0150 J mgn 
0.0150 Jmgn 
0.0150 J mgn 

0.001 10 J mgn 
0.WI IO J mgn 
O~W110 J mgn 
0.001 i o  J mgn 
O.WllOJmg/l 

BLK94546 2/15/94 
BLK94546 2/15/94 
BLK94546 2/15/94 
BLK94546 2/15/94 
BLK94546 2/15/94 

ELK94546 2/15/94 
BLK34546 2/15/94 
BLK34546 2/15/94 
BLW4546 2/15/84 
BLK94546 2/15/94 

BL- 2/15/84 
B L W  2115194 
~ ~ ~ 9 4 5 4 6  2/15/94 
ELK94546 2/15/94 
BLK94546 2/15/94 - 

BLD4546 2/15/94 
B L m .  2/15/94 

B W 5 4 6  2/15/@4 
B L W W  2/15/84 
BLD4546 2/15/94 
BLW546 2/15/94 
BLM546  2/15PB4 

BLK94546 2/15/94 
BLK34546 2/15/94 
BLK34546 2/15/94 
B W 5 4 6  2/15/04 
BLK34546 U1W 
BLK94546 2/15/84 
BLW-6 2/15/94 
BLK34546 2/15/94 
ELK34546 2/15/94 
BL- 2/15/84 

BL- U 1 W  
B L W  2/15/94 
BL- 2/15/94 
BL- 2/15/84 
BL-6 2/15/94 

BLW546 2/15/94 
BLK34Y8 2/15/94 
EL- 2/15/94 
BLK94W 2/15/84 
BLK94546 2/15/94 
BLK94546 2/15/94 
BLK94546 2/15/94 

B L W S 6  2/15/94 

ELKS4546 2/15/94 
ELK34546 2/15/94 
ELM546  2/15/84 

BLK94247 1R7/94. 
BLK94247 1 R 7 N  
BLK94247 1127/94 

BLK94247 1127/84 
ELK94247 1/27/94 
BLK94247 1127/94 
BLK94247 1R7/94 
BLW4247 1R7/94 

~ ~ ~ 9 4 5 4 6  u i s m 4  
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Table E7 (Contihued) 

Work Order Sample 
Sample 
Con=. 

Elank 
CUlC. 

9401292 
9401292 

9401292 
9401292 
9401292 
9401282 
9401292 

9401292 
9401282 
9401m 
9401292 
9401292 
9401292 

9401292 
9401292 
9401292 
9401292 
9401292 
9401292 
9401292 

9401293 
9401293 
9401293 
8401293 
9401293 

9401293 
94012a3 
9401289 

9401291 

9401284 

9402029 
9402029 
9402029 
9402029 
9402029 
9402029 
9402029 
9402029 

9402029 
9402029 
9402029 
9402029 

9401500 
9401508 
9401500 
9401500 
9401500 
9401500 
9401y10 

9401510 
9401.510 
9401510 
9401510 
9401510 
9401510 
9401510 

E-28 

FCl 01 R - SGOZMMNI 
FClOtR-SGWMMNI 
FClO1R-HCOZMMNI 
FClO1 R-HGWMMNI 
FClOlR-SGWMMNI 

FClOlR-SGOlMMNI 
FClOlR-SG02MMNI 
FClOlR-SG03MMNI 
FC10lR-HG0lMMN. 
FClOlR-HGWMMNI 
FCl 01 R-HGOSMMNI 

FCl 01 R-SGO1 MMNl 
FClOlR-SG02MHNI 
FC101R-SGWMMNI 
FClO1R-HW1MHNI 
FC101R-HGGZMMNI 
FClOl R-HGWMHNI 
FCl01R-SGWMMNI 

FClOlR-SGOlMMNI 
FClOlR-SG03HMNI 
FClOlR-HG02MMNI 
FCIOlR-HG09MMNI 
FC101R-S004MMNI 

FC10lR-SGOlMMNI 
FClOl R-SG02MMNI 
FC1OlR-SGOWMNI 

FClOl R- SGOl  MUMI 

FClOlR-SGMHMNI 

FClOlR-EM1GRXX 
E l 0 1  R- EAOZGRXX 
FClOlR-EAOSGRXX 
FClOlR-FAOlGCXX 
FC101R-FAO2GCXX 
FClO1 R-  FAOSGCXX 
FClO1R-EAffiRXX 
FCl 01 R - FAOSGCXX 

FClOlR-ASOlGm 
FCl 01 R-ASWGRXX 
FCl 01 R -AS(UGRXX 
FC101 R-ASOSGRXX 

FClOlR-EAO1GRXX 
FC10tR-EAOZGRXX 
FClOl R-  EAWGRXX 
FC1 01 R-  AYnGRXX 
FC1 01 R-AS03GRXX 
FClOl R-BA03GRXX 
FClOlR-A,YISCRXX 

FClOlR-ESOIGRXX 
FCl 01 R-EYnGRXX 
fC101R-ESOX.RXX 
FCl 01 R -AS01 GRXX 
FClOlR-AS02CRXX 
FClOlR-ASOJGRXX 
FClO1R-ESO3GRXX 

C h i d u r n  
Chrorium 

copper 
copper 
CopP.1 
CopPOl 
C0Pp.f 

Nickel 
Nickel 
Nickel 
Nickel 
Nickel 
Nickel 

Selenium 
Sslenium 
Selenium 
Selenium 
Selenium 
Selenium 
Selenium 

Cadmium 
tadmhm 
Cad-m 
Cadmhm 
CadmLm 

Selenium 
Selenium. 
Sebnium 

Meroly 

Meray 

Runrlda 
Rudd0 
Fluoride 
Ruolide 
Ruaide 
RUorid. 
Rudds 
R"0Ilds 

Rudds 
RUU* 
Ruaids 
Ruaide 

Rumid. 
Ruaidm 
Rumde 
RUUidm 
Ruulde 
A"rnlds 
Rumids 

Phosphms 
Phosphords 
Phosphwr 
Phospholur 
Phosphws 
Phosphaus 
Phosphms 

o.ooi10 J mgn 
o.oo110 J mgn 

ELK94247 1/27/94 
I 1/27/94 

0.00319 J mgn 
0.00703 mgA 
0.00955 J mgn 
0.00733 mgA 
0 . ~ 3 3 9  J mgn 

0.01 1 I mgn 
0.01z.z mgn 
0 00936 J mgn 
o 00766 J mgn 
0.00893 J mgn 
0.00072 J mgn 

0.0354 J mgn 
0.0213 J men 
0.0126 J mgn 
0 . ~ 5 8 1  J mgn 
o .02~1  J mgn 
0.0354 J mgn 
0.0170 J mgn 

o.oooi40 J mgn 
0.000290 J mor 
o.000560 mgn 
0.0oo~oo mgn 
0.000240 J mgfl 

0.00297 S mgn 
0.0~240 s mgn 
o.oo(uBo SJ men 

0 . 0 0 0 ~ )  mgn 

O.Wo300 mgn 

7.71Jmgn 
5.86 J mghg 
12.7 mglkg 
65.0 mghg 
39.9 mghg 
30.7 mghg 
9.15 J mghg 
94.5 mglkg 

60.7 who 
67.1 mghg 
5 8 . 2 m g h g  . 
61.2 mghg 

0.897 mghg 
0.786 mghg 
0.743 mghg 
2.63 mglkg 
2.66 mghg 
0.717 mghg 
1.01 mglkg 

10.9mohg 
10.6mghg 
16.5 mghg 
13.2 mghg 
6.13mghg 
3.12 J mghg 
7.27 mghg 

0.00079 J mgn 
O.OW79 J mgfl 
0.00079 J mgn 
0~00079 J mgn 
0.00079 J mgn 

0.00595 J mgn 
O.WS95 J mgn 
0.00595 J mgn 
0.00595 J mgn 
0.00595 J mgn 
0.00595 J mgn 

0.0179 J 
0.0179 J mgP 
0.0179 J mgn 
0.0178 J mgn 
0.01m J mgfl 
0,0179 J mgfl 
0,0179 J mgn 

O.wOo700 J mgfl 
0 . ~ 7 0 0  J men 
O.WM)~OO J mgn 
O.oooO700 J men 
O.Ww7W J moll 

O.WO3ZO J mgn 
O.Wo920 J rngr 
O.Wo320 J rngn 

o . m w  mgn 

o.woo6w mgn 

9.90 J mglkg 
9.30 J mghg 
9.90 J mghg 
9.30 J mghg 
9.30 J mghg 
9.90 J mghg 
9.30 J mghg 
9.30 J mghg 

14.0 J mglkg 
14.0 J mghg 
14.0 J mghg 
14.0 J mghg 

0.289 J mghg 
0.209 J mghg 
0.209 J mghg 
0.289 J mghg 
0.289 J mgkg 
0.289 J mgmg 
0.209 J mghg 

13.7 mghg 
13.7 mghg 
13.7 mglkg 
13.7 mghg 
13.7 mghg 
13.7 mghg 
13.7 mahg 

ELK94247 1/27/94 
ELK94247 1/27/94 
ELK94247 1/27/94 
ELK94247 1/27/94 
ELK94247 1/27/94 

ELK94247 1R7/94 
ELK94247 1/27/94 
ELK94247 1/27/94 
ELK94247 1/27/94 
ELK94247 1R7/94 
ELK94247 1/27/94 

ELK94247 1R7/94 . 
ELK94247 1/27/94 
ELK94247 1/27/94 
ELKS4247 .1R7/94 
ELK84247 1/27/94' 
ELK94247 1/27/94 
ELK94247 1i27/94 

ELK94240 1/24/94 
ELK94240 1/24/94 
ELK94240 1/24/94 
ELK94240 1/24/94 
ELK94240 1/24/94 

ELK94240 2/9/94 
ELK94240 2/9/94 
ELK94240 2/9/94 

ELK94565 2/10/94 

ELK94566 2/10/94 

ELK94547 2/11/94 
ELK94547 U11134 
ELK94547 2/11/94 
ELK94547 2/11/94 
ELK94547 2/11/94 
ELK94547 2 / I I / 9 4  
ELK94547 2/11/94 
ELK94547 2/11/94 

ELKS4735 MVg4 
ELK94735 v23/94 
ELK94735 M3/94 
ELK94735 M3/94 

ELK94488 2/m 
ELK94488 yuol 
ELK94488 yuol 
ELK94480 uug4 
BlU94400 UU94 
ELK94408 2NM 
ELK94488 uug4 

ELK94651 2/10/94 
ELK94651 2/18/94 
ELK94651 2110/94 
ELK94651 2/10/04 
ELK94651 2/18/94 
ELK94651 2/18/94 
ELK94651 2/10/94 
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Appendbr E: QA/QC Results 

8401510 

9401510 
9401510 
94015lO 
9401510 
9401510 
9401510 
9401510 
9401510 
9401510 
9401510 
9401510 
9401510 
9401510 

9401510 
9401510 
9401510 
9401510 
9401510 
9401510 
9401510 
9401510 
9401510 
9401510 
9401510 
9401510 
9401 51 0 
9401510 

9401510 
8401510 
9401510 

9401510 
9401510 
9401510 
9401510 
9401510 
9401 51 0 
9401510 

9401510 
9401 51 0 
9401510 
9401510 
9401510 
9401510 

9401510 
9401510 

9401510 
9401510 
9401510 
9401510 
9401510 
9401510 

9401510 
9401510 
9401510 
9401510 
9401510 
9401510 
9401510 

Phosphms 1.47 J mgRg 

FCI O I R -  AWOlGRO( 
FClO1 R-AWWGW 
FCl 01 R-BLOI GRXX 
FClOlR-BLOZGRXX 
FCl 01 R- BLO3GRXX 
FCl 01 R- RWOl GRXX 
FCIOI R-RW02GRXX 
FCIOIR-RWWGRXX 
FClOtR-4MEW3 
FClOlR-4MAKEW3 
FCl 01 R - AWOSGW 
FC101 R -BLOXIRXX 
FCI 01 R - RWOSGRXX 

FClOlR-AWOlGRXX 
FCl 01 R- AW02GRXX 
FCl01R- AWWGRXX 
FClOlR-BLOlGRXX 
FClOl R- BLOZGRXX 
FClOlR-BLOSRXX 
FCIOIR-RWOIGRXX 
FClOlR-RW02GRXX 
FClOtR-RWOSGRXX 
FCIOlR-4MEWS 
FClOtR-4MAKNP3 

FClOlR-RWWGRXX 

FClOlR-AWOSCRXX 
FClOlR-4MAKNP3 
FClOl R-AWOSORXX 

FCIOlR-ESOIGRXX 
FCIOlR-BWZGRXX 
FCI 01 R-ASOIGRXX 
FCI 01 R-AS02GW 
FCIOlR-ASOXIRXX 
FCI 01 R -BSO3GRXX 
FCIOl R-ASOXIRXX 

FCIOlR-BSOlGRXX 
FCIOlR-BS03t.RXX 
FClOl R-ASOZGRXX 
FCIOlR-ASOXIRXX 
FCIOIR-BSMORXX 
FCIO1 R- ASOSGRXX 

FCIOl R-BSOZGRXX 
FC101R-BSOXIRXX 

FCIOlR-BSOlGRXX 
FCIOlR-BSOZGRXX 
FClOlR-ASOIGRXX 
FClOl R-ASO2GRXX 
FCl 01 R - ASOSGRXX 
FClOIR-ASOSGRXX 

FClOlR-BSOtGRXX 
FClO1 R- BSOZGRXX 
FClO1 R-BSWGRW: 
FClOlR-ASOIGRXX 
FClOl R-ASOZGRXX 
FClOlR-AS03GRXX 
FClOl R-ASOSGRXX 

Cadmium 
Cadmium 
Cadmium 
Cadmium 
Cadmium 
Cadmim 
Cadmum 
Cadmirm 
Cadmirm 
Cadmum 
Cadmum 
M m i m  
Cadmum 

copper 
Copper 
copper 
Copper 
copper 
Copper 
Copper 
copper 
coppar 
Copper 
copper 
copper 
copper 
copper 

Molybdenum 

o.oo0940 J mgn 

0.00328 mgn 
0.00311 mgn 
0.00146 J mgn 
O.wo&(O J mgn 
0.002s mgn 
0.00307 mgn 
0.00255 mgn 
O.Dw290 J mgA 
0.00351 mgn 
0.00370 mgn 
0.00320 mgn 

0.0188 mgn 
0.0191 mgn 
0.00521 mgn 
0.0-7 mgll 
o.oi(19 mgn 
0.0260 mgn 
0.0198mgn 
O.Ol70mgfl 
0.0375 mgn 
0 . 0 1 ~  mgn 
0 . 0 1 ~  mgn 
0.OOZP J mgn 
0.0262 mgn 
0 . M 5  mgn 

O.OC379 J mgS 
0.0132 mgn 
0.00475 mgn 

0.0560 J mghg 
O.OSl9 J mghg 
0.0890 J mghg 
0.102 J w h g  
01 67 J mghg 
0.120 J mghg 
0.0229 J mghg 

1.14 Jmghg 
0.0280 J mghg 
0.406 J mghg 
0.697 J mgkg 
0.0526 J mghg 
0.641 J mgRg 

4.32 mghg 
3.79 mghg 

2.42 J mghg 
1.27 J mghg 
1.75 J mghg 
2.37 J mghg 
1-60 J mghg 
1.62 J mghg 

4.- mgRg 
4.76 mghg 
2.60 mghg 
4.69 mghg 
4.02 mghg 
5.20 mghg 
3.02 mghg 

0.00249 mgn 
0.00142 mgn 
0.00142 mgn 
0.00142 
o.wi42mgn 
O.Wl42mgn 
O.qO142 mgn 
0.00142 moll 
0.00142 mgn 
0 . ~ 1 4 2  mgn 
0.00142 mgn 
0.W142 mgn 
0 . ~ 1 4 2  mgn 
0 . ~ 1 4 2  mgn 

0.00417 mgn 
0.00417 mgn 
0.004I7mgn 
0 . ~ 1 7  mgn 
0.00417 mgn 
0.00417 mgn 
0.00417 mgn 
0.00417 mon 
O.O(u17 mgn 
0.00417men 
0 .m17  mgn 
0.00417 mgn 
0.00417mgn 
0.00417mgn 

0.~193 J mgn 
0.00193 J 
0.00183 J mgn 

0.0180 J mghg 
0.0180 J mghg 
0.0180 J w h g  
O . O I 8 0  J q h g  
0.01no J mghg 
0.0100 J mghg 
0.0180 J mghg 

0.120 J m g h g  
0.120 J m g h g  
0.120 J mgRg 
0.120 J mghg 
0,120 J mghg 
0.120 J mgng 

0.508 mghg 
0.508 mghg 

0.358 J mghg 
0.359 J mghg 
0.359 J mghg 
0.359 J mgRg 
0.359 J mghg 
0.359 J mgRg 

1.55 mgkg 
1.55mgRg 
1.55mghg 
1.55mghg 
1.55mghg 
1.55mghg 
1.55 mghg 

ELK94639 2/21/94 
BLK94639 2/21/94 
BLK94639 2/21/94 
BLF-94639 2/21/94 
BLK94639 U 2 l I M  
BLK34639 2/21/94 
BLK94639 if21/94 
BLKS4639 2/21/94 
BLK94639 2/21/84 
ELK94639 2/21/94 
ELK94639 2/21/94 
BL-9 2/27/94 
BLK94639 2/21/94 

BLK34693 2/21/94.  
B L W 3  2/21/94 
BLKB4693 2/21/94 
ELK34693 . 2/21/94 
BLK94693 2/21/94 
B L W 3  2/21/94 
BLK94-3 2/21/94 
BLK94693 2/21/94 
BLK94693 2/21/94 
BLK94693 2/21/94 
BLKE34633 2/21/94 
ELK94693 2/21/94 
BLK94693 2/21/94 
B L W 3  2/21/94 

BLK94E39 2/21/94 
BLW(199 2,’221/94 
BLW639 2/21/94 

BLW651 2/21/94 
B L W 1  2/21/94 
BLK94651 2/21/94 
BL-1 2/21/94 
BLK94651 2/21/94 
BLK94651 2/21/94 
BL-4651 2/21/94 

BLK9465I 2/21194 
BLK94651 2/21/94 
BLK94651 2/21/94 
BLK94651 2/21/94 
BLK94651 if21194 
BLK94651 2/21/94 

BLK94651 2/21/94 . 
BLK94651 2/21/94 

ELK94651 2/21/94 
BLK34651 2/21/94 
BLW4651 2/21/94 
BLK94651 2/21/94 
BLK94651 2/21/94 
BLK94651 2/21/94 

BLK9465l 2/21/94 
BLK94651 2/21/94 
ELK94651 2/21/94 
BLW4651 2/21/94 
ELK94651 2/21/94 
ELK94651 2/21/94 
BLIW6.51 2/21/94 
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Appendk E: OA/OC Results 

Table E7 (Continued) 

9401510 
9401510 

9401510 
9401510 
9401510 

9 4 m  
9403022 
9403022 
9409Op 
94osop  
9409022 
9403022 
9403022 

glDsDp 
940902t 
9403Ofz 
9409022 
94OSop 
94ES27. 
s403022 

9401509 
8401509 
9401 509 
8401509 
9401509 
9401509 
9401509 
9401509 

9401509 
9401509 
9401509 
8401509 
9401509 
9401509 

FC l  01 R-ESOZGRXX 
FC l  01 R - ASOSGRXX 
FClOlR-AYUGRXX 

FClOIR-EAOIGRYX 
FClOI4-BAO2GRYX 
FClOlR-EAO3GRXX 
FClOlR-EAOSCRXX Dup 
FC 101 R- FA01 GCXX 
F C l  01 R - FAWGCXX 
FClOlR-FAOSGCXX 
FCl01R-FAWGCXX h p  

FClOlR-BAOlGRXX 
FClOl4- EA02GRXX 
FClOlR-BILLSC.RXX 
FClOlR-EAOXiRXX DJP 
FClOlR-FAOlGCXX 
FC 1 O W -  FM2GCxX 
FClOIR-FAOSGCXX Dup 

FClOlR-ESOIGRXX 
FC l  01 R-BS02GRYX 
FCIOIR-B-RU 
FClOlR-BYUGRXX Dup 
FClOtR-ASOlGRYX 
FClOt R-ASOZGRYX 
FClOlR-ASO3GRU 
FClOIR-ASOSGRYX Dup 

FClOlR-AWOZGRXX 
FClOlR-BLOlGRU 
FClO1 R-ELOZGRXX 
FCl  01 R-BLOSGRYX 

FClOlR-4MAKNFY 
FClOlR-ELOSGRYXD.lp 

Molybdenum 
Molybdenum 
Molybdenum 

Chrorrium 
Chromium 
Chrorrium 
Chromium 
Chromium 
Chromium 
Chromium 
Chromium 

Nickel 
Nickd 
Nickel 
Nickel 
N i d d  
Ni&d 
Nickd 

b a d  
Lead 
Lead 
M 
bad 
bad 
bad 
b a d  

Slmium 
Slenlum 
Slanlum 
S l n l u m  
Slenium 
Slenium 

E-30 

0.356 J mghg 
2.01 mghg 
0.641 J mghg 

27.0 mghg 

27.4 mghg 
29.5 mghg 

27.0 mghg 
26.7 mghg 
22.2 mghg 

23.7 mgng 

6.35 J who 

24.6 mghg 

10.5 mghg 
10.7 mghg 
6.56 J mghg 
8.49 8 mQhg 
0.05 B who 
3.29 E mghg 

0.262 mghg 
0.268 mghg 
0.206 mghg 
0.916 mghg 
0.067 mghg 
0.602 mghg 
0.420 mgh4 
0.504 mghg 

0.00857 wn 
0.00706 wS 
0.00ns wn 
0.W710 mgn 
0.00760 mgn 
O.WOll0 J mgll 

0.495 mghg 
0.495 mghg 
0.495 mghg 

4.97 mphg 
4.97 mghg 
4.97 mghg 

4.97 mghg 

4.97 mghg 
4.97 mghg 

1.93 J mghg 
1.93 J mghg 
1.93 J mghg 
1.93 J mghg 
1.93 J WRO 
1.93 Jmghg 
1.93 J whg 

4.97 mghg 

4.97 mghg 

0.108 mghg 
0.108 mghg 
0.108 mghg 
0.108m0hg 
0.108 mghg 
0.108 mghg 
0.1oUmghg 
0.1 08 mghg 

0.w111 mgn 
0.w111 mgn 
0.001 11 mgn 
0.0011 I mgn 
o.ooii I mgn 
0.001 I I mgn 

ELK94651 
ELK94651 
ELK94651 

BLW4769 
ELK94769 
ELK94769 
ELK94769 
ELK94769 
BLW769 
ELK94769 
ELK94769 

BLK94769 
ELK94769 
BLK94769 
ELK94769 
ELK94769 
BLUS4769 
ELK94769 

ELK94589 
ELK94509 
BLK94589 
ELK94589 
ELK94509 
ELK94589 
BLK94509 
ELW4509 

ELK94597 
ELK94597 
ELK9697 
E L M 9 7  
BLW597 
ELK94597 

2/21194 
2/21/84 
2/21/64 

9/2/94 
3/2/94 
3m94 
3 m  
S m  
3 m  
W94 
3r1w 

3 m  
3 m  
5n/54 
3 m  

' 3 m 4  
9NB4 
3 m  

2r0d4 
2120184 
2/20/84 
2/2w 
mD4 
2/20/94 
2/2(1/94 
212OlW 

2/20/84 
2/2o/s4 
2/20/94 
m0d4 
m / 9 4  
2/20184 
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APPENDIX F: PROCESS STREAM FLOW RATES AND 
FLUE GAS SAMPLING DATA 

F- 1 
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qDpendix F: Process Sfream Flow Rates 8 Flue Gas Sampling Data 

Table F-1 
Process Stream Flow Rates 

'Available from plant meters 

'Calculated from the wet coal Bow rate and the moisture content of the coal. 

'Calculated from an ash balance around the boiler, using the ratio of baghouse ash/bottom ash obtained 
from &pod truck reeords. 

dMwured during multi-metals sampling at the staek 

'Total FGD inlet Bow rate vm assumed equal to the stack gas flow rate. 

'Calculated born material balances around the FGD system on sulfur and calcium. 

'Available from plant totalizers, which are logged every 24 hours. 

bAvumed to be the sum of pr- Wilter and makeup water flow rates. 
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AppendM F: Process Slream Flow Rates 8 Flue Gas Sampling Data 

Date 
T i e  Start 

T i e  Finirh 

Table F-2 
FCEM Site lOlR - FGD Scrubber Inlet Metals Sampling Data Summary 

AM velocily Data 

01/11/94 01/12/94 01/u/w 
luK) 0920 835 
ZDZS 1740 1650 

Fdter Weight Gain (g) 

PNFt Weight Gain (9) 
Impinger Residue (9) 

% CQ 

0.018 
Operator LAR/CG I 
Initial Lak Rate 0.009 o.ol5 

0.1103 0.l332 0 . m  
0.0345 0.0337 0.0472 

N P  N P  N/D 
us  132 13.4 

N/D = Not determined 
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Appendk F: Process Stream Flow Rates 8 Flue Gas Sampling Dab 

Table F-3 
FCEM Site lOlR - FGD Scrubber Inlet Metals Sampling Data Summary 

N p  = Not determined. 
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qopendbc F: Process Stream Flow Rates 8 Flue Gas Sampling Data 

Table F 4  
FCEM Site lOlR - FGD Scrubber Inlet Anions Sampling Data Summary 

100.88 102.45 59.82 

N/A = Not analyzed. 

N/D = Not determined 
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nppendix F: Process Scream Flow Rates B Flue Gas Sampling D a b  

Table F-6 
FCEM Site l O l R  - Stack Metals Sampling Data Summaq 

N/D = Not determined 
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Appendk F: Process Seeam Flow Rates 8 Flue Gas Sampling Data 

Table F-7 
FCEM Site lOlR - Stack Anions Sampling Data Summary 
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