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May 13,1994 

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

Dear Mr. Maxwell 

In response to the Clean Air Act Amendments of 1990, the Electric Power 
Research Institute (EPRI) initiated the PISCES (Power Plant Integrated Systems: 
Chemical Emissions Studies) program to better characterize the source, 
distribution, and fate of trace elements from utility fossil-fuel-fired power 
plants. As part of the PISCES program, the Field Chemical Emissions 
Monitoring (FCEM) program has sampled extensively at a number of utility 
sites, encompassing a range of fuels, boiler configurations, and particulate, m, 
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 114. 
Site 114 sampling program was sponsored by EPRI, DOE, and the host utility. 
Site 114 consists of a 100 h4W cyclone boiler burning a bituminous coal, with an 
electrostatic precipitator (ESP) for particulate control. Overfire air and rebum 
burners in the upper furnace were used for NOx control. Tests were conducted 
both with and without coal rebum. It should be noted that the results 
presented in this report are considered PRELIMINARY. The results are 
believed to be essentially correct except as noted. As additional data from other 
sites are collected and evaluated, however, EPRI may conduct verification tests 
at this site. If this is done, the new data will be made available to the 
Environmental Protection Agency (EPA). 

The primary objective of this report is to transmit the preliminary results from 
Site 114 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 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 114 with the results from previous utility sites. 

Headquarten: 3412 Hihiew Avenue Post mice Box 10412. Pal0 Alto. CA 94303, USA 0 (415) 8552MX) 0 Telex: 82977 EPRI UF Fax: (415) 8552954 
kG9 L Street. NW. Suite 805. Washington. DC 20036. USAm!+#fMRm PRE-m 



Generic conclusions and recommendations were not drawn concerning the 
effectiveness of an ESP as potential control technology for trace elements; 
however, removal efficiencies were calculated where possible. Nor does this 
site report attempt to address the environmental and health risk impacts 
associated with the trace chemical emissions. 

EPRI hopes that this site report is of assistance to the EPA in evaluating utility 
trace chemical emissions as well as the associated health risk impacts. 

Sincerely, 

Q;,rm!L 
Paul Chu 
Manager, Toxic Substances Characterization 
Environment Division 
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7 
I NTRO D U CTlO N 

This report summarizes data gathered by Acurex Environmental Corporation at a power 
plant, designated Site 114, during a sampling program sponsored by Electric Power 
Research Institute (EPRI), the Department of Energy (DOE), and the host utility. The 
objectives of the Field Chemical Emissions Monitoring Project (FCEM) sponsored by 
EPRI (RP-3177) are to measure selected inorganic and organic substances in the process 
and discharge streams of power plants and to examine the fate of selected substances 
within the power plant. 

Objectives 

The objective of this report is to provide information about fuel characteristics and stack 
emissions and data quality in a format suitable for the U.S. Environmental Protection 
Agency (EPA) to use to study emissions from fossil-fuel-fired power plants. In addition 
to fuel and stack emissions data, intermediate gas stream information is also presented. 
Site 114, a bituminous coal-fired boiler equipped with electrostatic precipitators (ESPs) 
for controlling emissions, was sampled during November 1992. The sampling was 
conducted under two boiler operating conditions, baseline and reburn. Reburn operating 
conditions use wall-fired burners located at a higher elevation in the boiler and overfire 
air to reduce NO, emissions. Table 1-1 lists the substances tested at this site. The 
results for each substance are presented by individual run and as averages of replicate 
runs for each sampled process stream. Variability resulting from process, sampling, and 
analytical bias and precision errors is expressed as 95% confidence intervals for each 
mean result. 

The data were evaluated as follows: 

Process operating data were examined to ensure that sampling took place during 
steady, representative plant operation; 

Sampling and analytical protocols were reviewed, and the data from this test were 
compared with other FCEM data generated using standard protocols; 

The type and number of quality assurance samples were reviewed to qualitatively 
estimate the level of confidence that can be placed in the results; and 

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

PREUMINARY 
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lntroduction 

Table 1-1 
Summary of Measured Substances and Characteristics at Site 114 

1 Naphthalene 

*Measured in coal. 

bMeasured io emitted gas stream. 
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Introduction 

Each of these evaluation criteria is discussed separately below. 

Process Data Evaluation 

An examination of plant operating and CEM data collected during the sampling periods 
indicate that the plant was operating at steady state with respect to key monitoring 
parameters. A limited bituminous coal supply, due to the plant’s conversion to a 
subbituminous western coal, required the unit to run at low loads between tests, but unit 
load was kept constant at full load (100 MW) during all test periods. The reduced test 
schedule, which included baseline testing on the first two days and alternated between 
reburn and baseline testing on the last three days, contributed to large confidence 
intervals for the mean coal and gas concentrations and limited the ability to discern 
differences in the emission levels under these two conditions. Further discussion of the 
process data evaluation is included in Section 4. 

Sampling and Analysis Protocol Comparison 

Tables 1-2 and 1-3 compare the sampling and analysis protocols for Site 114 with the 
protocols for the FCEM program. Most sampling methods used by Acurex are compara- 
ble to those specified in the FCEM protocol. The carbon molecular sieve (CMS) 
sorbent used in the VOST train is not an approved substitute for the Tenax traps 
specified in Method 0030. The resulting volatile organic data are thus difficult to 
compare with VOST. Analytical techniques used by Acurex, while appropriate, differ in 
several cases or are less sensitive than analytical methods specified by FCEM protocol. 

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

The completeness of the quality assurance data was reviewed to judge whether a 
statement of data quality could be made about these results. Minimal QA/QC data are 
available for Site 114, making it difficult to ascertain the quality of the measurement 
data. The QA/QC information is presented and discussed in Section 4. A determina- 
tion of accuracy, precision, and bias, even if only qualitative, is considered an important 
part of the data evaluation. 

Standard QA/QC checks for this type of sampling program can involve: 1) the use of 
replicate tests, duplicate field samples and lab analyses, and matrix spike and lab control 
sample duplicates to determine precision; 2) the use of matrix spikes, surrogate spikes, 
and laboratory control samples to determine accuracy; and 3) the use of field blanks, trip 
blanks, method blanks, and reagent blanks to determine the presence of contamination. 
The QA/QC checks used at Site 114 included replicate tests, matrix spikes, lab control 
samples, field blanks, and trip blanks for limited combinations of streams and analytes. 

1-3 I 
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introduction 

Target Substance I Site 114 FCEM Protocol' 

II POM Matter I EPA SW 0010 (Modified Method 5)  I Modified Method 5 

Metals 

Chloride, Fluoride 

Benzene, Toluene 

Formaldehyde, Acetaldehyde 

EPA Multiple Metals Method 00l2 

CARB 421, Carbonate Impingers 

VOST Train with CMS Sorbent 

CARB 430, DNF" Midget ' 

EPA Multi-Metals Method 29b 

Modified Method 5' 

EPA SW 0030 (VOST) 

BIF 0011 

'Reflects the most receut FCEM sampling and analytical protocol. 

bCombmed impinger solutions are not concentrated before analysis. Based on US. EPA's Technical 
Implementation Document for EPA's Boiler and Industrial Furnace (BIF) Regulations," March 1992. 

'Modified EPA Method 5 train with hydrogen peroxide solutions buffered with sodium carbonate/ 
bicarbonate. 

Chloride, Fluoride Grab/Composite 

1-4 

PRELIMINARY 

Grab/Composite 

DO NOT C m  OR QUOTE 

- 



Introduction 

Table 1-3 
Comparison of Analytical Protocol for the FCEM Project and Site 114 . 
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1 
Introduction 

Data Validity 

Insufficient QA/QC data are currently available to evaluate the quality of the data from 
Site 114. The shortage of QA/QC results indicates the data cannot be used with the 
same confidence as data from other FCEM sites. 

The available QA/QC results were compared with the data quality objectives; QA/QC 
results outside of the data quality objectives are noted and discussed in Section 4. Other 
quality assurance values are also evaluated, as is the potential effect on the validity of 
the data. 

Specific points highlighted below are QA/QC issues of concern: 

Minimal QA/QC data were available to draw conclusions about the samples 
collected. 

The testing schedule alternated between baseline and reburn conditions; the samples 
retrieved during the two configurations are significantly different. The coal concen- 
trations for the first two days of testing did not concur with coal concentrations for 
the last three days of testing. 

Because of the variability seen in most results, it is not possible to determine if the 
two modes of operation produce significantly different levels of emissioak, except for 
NOx levels. 

The large confidence intervals about many of the mean concentrations found in these 
tests are a point of concern. Standard methods were used for most sampling and 
analyses, and stack gas sample collection records are complete. 

Report Organization 

Section 2 of this report briefly describes the plant and identifies the sample locations. 
Section 3 discusses the results of the chemical analyses of the fuel and flue gas streams 
sampled at the plant. Section 4 presents QA/QC and engineering evaluations of the 
data. Section 5 contains example calculations. The appendices contain raw data, stream 
concentrations, information on sampling and analytical methods, measured and calculat- 
ed stream flow rates, error propagation equations, and examples. 
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2 
SITE DESCRIPTION 

This section describes the test site (Site 114) and its sampling locations. 

Facility Information 

Site 114 is rated at 100 MW. The unit has a Babcock & Wilcox, cyclone-fired reheat 
boiler. Sampling activities were conducted during November of 1992. The characteris- 
tics of the unit during both series of tests are summarized in Table 2-1. 

Table 2-1 
Site 114 Process Summary 

Figure 2-1 presents a process flow diagram of Site 114. Bottom ash is removed from the 
boiler via sluice tanks at the slag quench tap. Dry fly ash collected in the dual Research 
Cottrell ESP is pneumatically conveyed to a landfill. No conditioning occurs upstream of 
the particulate matter control devices. Low-sulfur coals are used at this site to comply 
with emission limits; no other SQ controls are present. 

PRELIMINARY 
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I 
Site Description 

During 1991, the boiler at Site 114 was modified with a low-NO, reburn retrofit that 
consisted of the installation of a pulverizer, reburn burners in the furnace, overfire air 
ports, and modifications to the control system. The unit can operate in baseline mode 
without the reburn burners or in the reburn mode with the reburners providing approxi- 
mately 20% of the heat input. 

Sampling Locations Y 
l 

a 

0 

Samples were collected at five locations in the plant. Coal was the only feed stream 
sampled. One internal stream, the inlet gas to the ESP, was sampled. Three discharge 
streams were sampled: the stack gas, the boiler slag, and the collected fly ash from the 
ESP. These sampling points are shown in Figure 2-1. A brief description of each 
sampling location appears below: 

Crushed coal was sampled at the gravimetric feeder before its entry into the cyclone 
burner. During reburn testing, coal samples were also collected at the pulverizer 
outlet entering the reburners and composited with the crushed coal. 

Boiler slag samples were collected from the sluice tanks at the slag quench tap. 

Collected fly ash was sampled from the ESP hoppers. Different hoppers from each 
of the three ESP banks were included in each of the grab samples to represent the 
collection across the entire ESP unit. 

Flue gas entering the ESP was sampled through eight 4-inch test ports on the two 
ESP inlet ducts. 

Flue gas leaving the ESP was sampled at six of the eight 4-inch test ports on the 
outlet ducts from the ESP. The remaining two ports (one on each duct) were 
dedicated to the plant’s continuous emissions monitor (CEM). 

Table 2-2 lists the types of analyses performed on each sample collected. 

Appendix B contains additional information on the sampling and analytical methods used 
at Site 114. 

PRELIMINARY 
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Sire Description 

Table 2-2 
Process Stream Analyses Performed 

X = Baseline test 

0 = Reburn Test 
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3 
RESULTS 

This section discusses the results of the sampling conducted at FCEM Site 114 during 
baseline and reburn conditions. Because the focus of this report is on gaseous emissions, 
only coal characterization data and gas stream data are presented here in detail. These 
results were derived from field and laboratory data reported by Acurex Environmental 
Corporation and the host utility. 

Appendix A shows the raw analytical data used to calculate ESP inlet and stack gas 
concentrations. Appendix B contains information on the sampling and analytical 
methods used at Site 114. Appendix C contains concentration data for each run for the 
baseline and reburn conditions. Appendix D contains process stream flow rates and 
characterization data for the unit obtained during the sampling events. Example 
calculations of the results discussed in this section appear in Section 5. 

Sampling Schedule 

On November 2 through November 6, 1992, sampling was conducted at Site 114 during 
both baseline and reburn conditions Figure 3-1 shows the sampling events at Site 114 
during the baseline and reburn conditions. The run numbers shown in Figure 3-1 cor- 
respond to those presented in the results tables in this section and in the appendices. 
Baseline testing was performed on November 2,3, and 5,  and reburn testing occurred on 
November 4 and 6. 

Data Treatment 

As discussed below, several conventions were developed for treating the test data and 
developing average (or mean) concentrations of substances in the coal and gas streams. 

Blank Corrections 

When it was available, the reagent blank analytical result was used to correct the individ- 
ual mn measurements. Because reagent blank results were not available at this site, the 
field blank analysis was used to correct the measurement. When the blank result was 
equal to or greater than 50% of the uncorrected measurement, the corrected 
concentration was flagged with a “B. 

When the blank correction resulted in a value less than the reporting limit, the concen- 
tration is presented as NR(RL), meaning that the concentration is below the reporting 
limit, which is presented in parentheses. 

3-1 
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Results 

Average Concentrations 

The following conventions were used to average data from individual runs: 

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

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

Analvtical Values Calculation Mean Value 
10, 12, < 8  (lo+ 12+[8/2])/3 8.7 

By convention, the calculated mean was not allowed to be smaller than the largest 
reporting limit value. In the following example, using one half the reporting limit 
value would yield a calculated value of 2.8. This is less than the highest reporting 
limit; therefore, the reported mean is <4. 

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

When all analytical results for a given variable are less than the reporting limit, the 
reported mean is NR (X), where X is the largest reporting limit. 

Coal Results 

Tables 3-1 and 3-2 present coal sample analytical results for baseline and reburn 
conditions, respectively. Appendix B contains a list of the analytical methods used to 
determine elemental concentrations in coal. A mean concentration and 95% confidence 
interval are reported for each element. The 95% confidence interval is the range about 
the sample mean that has a 95% probability of containing the true mean. Section 5 
contains an example confidence interval calculation. Sample proximate analyses, sulfur 
contents, and coal flow rates are also shown in Tables 3-1 and 3-2. Most of the results 
have large confidence intervals associated with both testing configurations. A trend in 
the coal concentrations appears when comparing the first two days of testing with the last 
three days of testing. The concentrations in the third run for the baseline tests are in 
agreement with the concentrations for the reburn tests (e.g., lead, nickel, cadmium, and 
chloride). This may be an indication that the coal was not uniform as the coal supply 
was exhausted. Extremely high levels of cadmium were detected in the coal during Run 
3 in the baseline test and Runs 1 and 2 during the reburn test. The lack of supporting 
QA/QC information makes it impossible to judge the validity of these cadmium levels. 
The corresponding ESP inlet ash compositions do not correspond to the high cadmium 
levels reported in the coal. 

PRELIMINARY I 
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Result5 

Table 3-1 
Site 114 Coal Composition Data - Baseline 

*CI = Confidence interval. 

bNR indicates that the concentration is below the reporting limits, which are shown in parentheses. 
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Results 

Table 3-2 
Site 114 Coal Composition Data - Reburn 

* CI = Confidence interval. 

bNR indicates that the concentration is below the reporting limits, which are shown in parenthe. 
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Resuk 

Gas Stream Results 

Two gas streams, ESP inlet gas and stack gas, were sampled at Site 114. The solid- and 
vaporphase fraction of the multi-metals trains were combined before analysis. 
Concentration data for metals were corrected for background levels associated with the 
field blank. Data are presented for each run with a mean and 95% confidence interval. 
Acetaldehyde, benzene, formaldehyde, and toluene are vapor-phase results only. 
Particulate loading, chloride, and fluoride were collected together in accordance with 
CARB Method 421. The filter was used for particulate loading and the impinger 
solutions were analyzed for acid gases. 

ESP Inlet Gas Results 

Table 3-3 summarizes the results of the ESP inlet gas inorganic sampling for baseline 
and reburn conditions. Field blank-corrected concentrations are presented by run with 
the mean and 95% confidence interval for the total quantity detected. All substances 
were detected during all runs. The level of cadmium measured in Run 3 of the rebum 
test was equivalent to the field blank level. A reporting limit range of 0.03 pg/Nm3 to 
6.2 pg/Nm3 was presented by Acurex for metals analyzed by ICP-AES. Specific limits 
were not available for each analyte. The lower limit is consistent with Radian’s previous 
experience with cadmium reporting limits, thus NR(0.03) pg/Nm3 was considered to be 
the level found in Run 3. This value appears in this table and in Table 3-5. 

The particulate loading into the ESP during reburn testing increased, compared to the 
baseline testing results: The increase in particulate loading was caused by the operating 
characteristics of the coal reburners. Although the particulate loading doubled (1600 to 
3000 mg/Nm3), most metal concentrations did not change significantly. Ashes collected 
at this location were not subjected to loss-on-ignition (LOI) tests to determine if the 
increased particulate loading during reburn was due to unburned carbon. This is an 
unusual result and may indicate some difficulty in sampling at this location. 

Stack Gas Results 

Tables 3 4  and 3-5 summarize the results of the stack gas sampling for baseline and 
reburn conditions, respectively. The total concentrations, corrected for the field blank, 
are presented by run with the mean and 95% confidence interval. In most 
ckmstances, the 95% confidence interval approaches or exceeds the average 
concentration. The Acurex report discounts the high levels of fluoride reported in the 
samples from Runs 2 and 3 of the reburn test because an unidentified compound was 
eluting in high quantities at nearly the same time, masking the true fluoride 
concentrations. Therefore, only the first run was used to estimate the mean for fluoride. 

Table 3-6 presents the stack gas emission factors for the baseline and reburn conditions 
on a unit-energy basis. These emission factors are based on the average numbers for the 
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Results 

Table 3-3 
ESP Inlet Gas Composition Data 

‘CI = Confidence interval. 
b%” flag indicates that the blank level is greater than 50% of the uncorrected sample value. 
‘NR indicates that the concentration is below the reporting limits, which are shown in parentheses. 

PRELIMINARY 
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Results 

Table 3 4  
Stack Gas Composition for Site 114 - Baseline 

'CI = Confidence interval. 

b"B" flag indicates that the blank level is greater than 50% of the uncorrected sample value. 

'NR indicates that the concentration is below the reporting limits, which are shown in parentheses. 

dReporting limits apply to each of the 16 individual PAHs measured. See Table 1-1 for a k t  of these 
compounds. 
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Table 3-5 
Stack Gas Composition for Site 114 - Reburn 

'CI = Confidence interval. 

bNR indicates that the concentration is below the reporting limits, which are shown in parentheses. 

'"B' flag indicates that the blank level is greater than 50% of the uncorrected sample value. 

dAn unknown compound eluted with the fluoride at the same time, masking the true fluoride concentration. 
Data are considered suspect. 

'Reporting h i t s  apply to each of the 16 individual PAHs measured. See Table 1-1 for a list of these 
compounds. 

I 
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Results 

M i n e  Reburn 

substance Factor 95% CI * Factor 

T I  = Contideace interval. 

bReporting limits apply to each of the 16 individual PAHs measured. See Table 1-1 for a list of these 
compounds. 

SNR indicates that the concentration is below the reporting limits, which are shown in parentheses. 
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Results 

I 

1 presented in Section 5. 
substances listed in Tables 3 4  and 3-5. An example emission factor calculation is 

I 
Control Device Performance 

The ESP system removal efficiency for each inorganic substance is shown in Table 3-7 
for the baseline and reburn conditions. Removal efficiencies were calculated from the 
mean concentrations in the ESP inlet and the stack. The baseline result for overall 
particulate matter removal (97.4%) is lower than the removal for the reburn testing 
(99.2%). However, the stack particulate levels are statistically equivalent (40 f 20 
mg/Nm3 versus 25 f 45 mg/Nm3 for baseline and reburn, respectively). Selenium 
measurements indicated negative removal efficiencies, which are presented as zero in 
Table 3-7 for both tests. The removal efficiencies for all other substances, except 
mercury, were at or above 90 percent. 

I 

I 

I 

I 
I 
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Results 

Table 3-7 
Site 114 Removal Efiieiencies 

‘CI = Confidence interval. 
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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 114, three methods were used to evaluate data 
quality. First, process data were examined to determine if unit operating conditions were 
stable and representative during the sampling periods. Second, traditional QA/QC pro- 
tocol for sampling and analytical procedures were evaluated; Le., equipment calibration 
and leak checks, duplicates, blanks, spikes, etc. The third data evaluation tool used was 
the calculation of material balance closures for various substances around the entire 
plant. Material balances involve the summation of mass flow rates in several streams 
that are often sampled and analyzed by different methods. Good agreement, Le., closure 
within an acceptable range, can be used as an indicator of accurate results for streams 
that contribute a significant amount to the overall inlet or outlet mass rate (e.g., coal, 
bottom ash, collected fly ash, etc.). 

Process Data Evaluation 

Plant operating data were examined to ensure that process operation was stable and 
representative during the sampling periods. Excessive scatter or significant trends in 
relevant process variables can indicate periods of nonrepresentative unit operation. Data 
scatter is useful for identifying periods of operational difficulty; data trends indicate 
periods when steady-state operation has not been achieved. 

To evaluate data scatter, the coefficient of variation (CV) was calculated for the follow- 
ing variables: coal flow rate, unit load, gas flow rates, and CEM data. Table 4-1 shows 
the results for baseline and reburn operations. Except for carbon monoxide, no variable 
had a CV exceeding 20% or showed a trend over the test period, indicating that process 
conditions were reasonably stable during the test period. NO, levels dropped by a half 
from baseline to reburn, but CO levels rose during reburn by an order of magnitude. 
The unit was operated at 100% of design load during both baseline and reburn testing 
periods. 

Process data were also examined to ensure that process parameters were within the 
ranges observed for normal coal-fired power plant operation. The unit heat rate was cal- 
culated to be 12,200 Btu/kW-hr, a relatively high value for a coal-fired utility boiler 
operating at near full load. 
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Data Evaluation 

Table 4-1 
Summary of Process Monitoring Data - Site 114 

CV = Coeftiaent of Variation (standard deviation divided by the mean). 
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Data Evaluation 

i 

Sampling Quality Control Evaluation 

Sampling precision can be estimated by comparing the results for various parameters of 
the replicate samples, notably velocity, moisture content, and gas composition in the 
stack. These parameters had acceptable variances at each sample location. 

Sampling accuracy is usually inferred from the calibration and proper operation of the 
equipment and from historical validation of the methods. Field blanks are used to deter- 
mine biases that may be caused by contamination or operator errors. Field and method 
blanks were included for some of the tests. 

Sampling representativeness also depends on the characteristics of the sampling loca- 
tions. Limited information on the sampling locations make it difficult to draw conclu- 
sions on the quality of the flow through the ducts. It is not known if Acurex experienced 
any problems with sample collection. Twenty-four (8 ports, 3 points per port) traverse 
points were used upstream of the ESP and 18 points (6 ports, 3 points per port) down- 
stream of the ESP, which may indicate the sampling locations were not ideal in terms of 
undisturbed flow. The isokinetic sampling rate is a measure of the operational perfor- 
mance of sampling for particulate matter and can be used as an indicator of precision 
with consequences for representativeness. All of the applicable sampling runs met the 
acceptance criteria for isokinetic variation, i.e., 100 

Sampling comparability depends on the representativeness of the samples and on the use 
of standard methods consistently applied. The SW 846 Method 0010 MM5 for semi- 
volatile organic compounds is well established for both sampling and analysis. The EPA 
Multi-Metals Method 0012 is s t i l l  in the evaluation process but is becoming widely 
accepted; it is documented well enough to be considered a standard method. The 
CAREi 430 Method for aldehydes is a single-point, nonisokinetic procedure analogous to 
the EPA Boilers and Industrial Furnaces (BE) Method 0011, using the same acidified 
2,4-dinitrophenylhydrazine reagent for collection and HPLC for analysis. The CARB 421 
Method for acid gases and particulate loadings varies from Method 5 in several steps, 
but the main criteria for collecting the acid gases, carbonate, and bicarbonate impingers, 
are satisfied. The VOST train modified with CMS sorbent is not an approved replace- 
ment for a VOST train with Tenax traps. The Acurex report cites use of CMS as routine 
with Method TO-02, but Method 0030 makes no provision for using CMS as a substitute 
for Tenax. Reproducibility (e.g., precision) has been the foremost problem with CMS 
sorbent cartridges. Because of the use of the CMS sorbent and the lack of QA/QC data, 
the results of this test for benzene and toluene are questionable. 

Sampling completeness is mainly fulfilled by providing the requisite number of samples 
to the analytical laboratories. In the FCEM program, three runs are considered the 
minimum number to obtain reasonable confidence intervals for mean a d y t e  concentra- 
tions. Three rum were made for all substances during baseline and reburn sampling. 
Eighteen runs were made for VOST samples. 

10 percent. 
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Data Evaluation 

Evaluation of Measurement Data Quality 

An evaluation of the measurement data quality is based on quality control data obtained 
during sampling and analysis. 

Analytical Quality Control Results 

Generally, the type of quality control 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. Appendix F contains 
detailed QA/QC data available for Site 114. The specific characteristics evaluated 
depend on the type of quality control checks performed. For example, blanks may be 
prepared at different stages in the sampling and analysis process to isolate the source of 
a blank effect. Similarly, replicate samples may be generated at different stages to 
isolate and measure the sources of variability. The QA/QC measures commonly used as 
part of the FCEM data evaluation protocol, and the characteristic information obtained, 
are summarized in Table 4-2. The absence of any of these types of quality control 
checks from the data does not necessarily reflect poorly on the quality of the data but 
does limit the ability to estimate the magnitude of the measurement error and hence, 
prevents placing an estimate of confidence in the results. 

As shown in Table 4-2, different QC checks provide different types of information, 
particularly pertaining to the sources of inaccuracy, imprecision, and blank effects. As 
part of the FCEM project, measurement precision and accuracy are typically estimated 
from QC indicators that cover as much of the total sampling and analytical process as 
feasible. Precision and accuracy measurements are based primarily on the actual sample 
matrix. The precision and accuracy estimates obtained experimentally during the test 
program are compared with the data quality objectives (DQOs) established for the 
FCEM project. 

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

Table 4-3 presents the types of quality control data reported for this site. Table 44 
presents a summary of precision and accuracy estimates. Minimal QC analysis was 
performed with these samples; however, almost all of the quality control results met the 
project objectives. For most analytes, no precision estimates were available. 
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Table 4-2 
Types of Quality Control Samples 

QC Activity Characteristic Measurrd 

PRELJMINARY 

Precision 
Replicate samples collected over time 
under the same conditions 
Duplicate Geld samples collected 
siimultaneously 
Duplicate analyses of a single sample 
Matrix- or media-spiked duplicates 

Laboratory control sample duplicates 
Surrogate-spiked sample sets 

Accuracy (including bias and precision) 
Matrix-spiked samples 

. 

Media-spiked samples 

Surrogate-spiked samples 

Laboratory control samples (La) 

Standard reference material 
Blank EtT& 
Field blank 

Trip blank 

Method blank 

Reagent blank 
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Total variability, including process or temporal, sampling, and 
analytical but not bias. 
Sampling plus analytical variability at the achlal sample 
concentrations. 
Analytical variability at the actual sample concentration. 
Sampling plus analytical variability at an established 
concentration. 
Analytical variability in the absence of sample matrix effects. 
Analytical variability in the sample matrix but at an established 
concentration. 

Analyte recovery in the sample matrix, indicatiag possible 
matrix interferences and other effects. In a single sample, 
includes both random error (imprecision) and systematic error 
(bias). 
Same as matrix-spiked samples. Used where a matrix-spiked 
sample is not feasible, sueh as certain stack sampling methods. 
Analyte recovery in the sample matrix, to the extent that the 
surrogate compounds are chemically simii to the compounds 
of interest. Primarily used as an indicator of analytical efficaq 
Analyte r-ry in the absence of actual sample matrix effect! 
Used as an indicator of analytical control. 
Analyte r-ry in a matrix simiiar to the actual samples. 

Total sampling plus analytical blank effect, including sampling 
equipment and reagents, sample transport and storage, and 
analytical reagents and equipment. 
Blank effects arising from sample transport and storage. 
Typidly used only for volatile organic compound analyses. 
Blank effects inherent in the analytical method, including 
reagents and equipment. 
Blank effects from reagents used. 
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Data Evaluation 

The following potential problems were identified by the quality control data. 

A standard NIST metals solution was prepared by dilution and submitted for analysis 
as a performance evaluation (PE) sample. Lead recovery in this sample (67%) was 
below the 75125% objective. This may indicate a slightly low bias for lead in field 
samples. 

A standard NIST metals fly ash sample was also submitted as a PE sample. The 
recoveries of arsenic and lead (66.2% and 58.3%, respectively) were low when 
analyzed by GFAA. These results may indicate a slightly low bias for arsenic and 
lead in fly ash and bottom ash samples. 

Field blank results for metals indicate that cadmium and mercury field sample results 
may be biased slightly high because of contamination. All gas samples for metals 
were corrected for field blank measurements. 

Benzene-d surrogate recoveries were low (average recovery 37%) in the adsorbent 
tube samples and exhibited poor precision (108% CV). These results may indicate a 
low bias and greater than expected variability for benzene in the adsorbent tube field 
samples. Compounding these results with the substitution of CMS sorbent for Tenax 
traps in the VOST method, the volatile organic compound concentrations are 
questionable. 

Precision is a measure of the reproducibility of measurements under a given set of 
conditions. It is expressed in terms of the distribution, or scatter, of the data calculated 
as the standard deviation or coefficient of variation (CV, standard deviation divided by 
the mean). For duplicates, precision is expressed as the relative percent difference 
W D ) .  

Accuracy is a measure of the degree of conformity of a value generated by a specific 
procedure to 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 analytical procedures 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 ody 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 spiking. Spikes made at or 
near the concentration of the native sample can provide valuable information about 
matrix interferences and recoveries. 
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Data Evaluatian 

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

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

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

Metals 

Precision, The only data available to estimate precision for metals in coal and stack gas 
(ESP inlet gas was not included because of different test conditions) were replicate test 
runs, which include process variability. No data were available to determine sampling or 
analytical precision alone. A summary of precision estimates is presented in Table 4-4. 
Data from the replicate test runs indicated that precision was poor for metals in both 
matrices. Overall, 2 out of 8 (or 25%) of the metals in the coal and 2 out of 12 (or 
17%) of the stack gas metals met the project precision objective. This objective was 
specified for the matrix spike duplicates and was not intended to incorporate the process 
variation reflected in the replicate test precision estimates presented. \ 

For coal sample results where a coefficient of variation could be calculated, the concen- 
trations of all the elements except for beryllium and manganese exhibited higher than 
expected variability. 

Precision estimates for 12 elements in the stack gas samples were outside the project 
objective except for chloride and fluoride. Cadmium variability may be influenced by 
contamination. The field blank measurement for cadmium was greater than 50% of the 
uncorrected sample for 5 of 6 measurements; therefore, the precision estimates do not 
accurately reflect analytical reproducibility. 

Accuracy. The accuracy of metals analyses was estimated for coal, ash, and slag 
samples using PE samples. Two National Institute of Standards and Technology (NIST) 
Standard Reference Material (SRM) samples were submitted. A fly ash sample and a 
metals solution were analyzed for metals. The use of a diluted standard for gas samples 
is an inadequate QA procedure since it does not address digestion of the sample. Lead 
was recovered (at 67% and 58.3%) outside the accuracy objectives (75-125%) for both 
PE samples. Arsenic (66.2%) was also recovered below the objectives in the fly ash PE 

I 
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Data Evaluation 

sample. These recoveries indicate that lead and arsenic concentrations may be biased 
slightly low in the field sample results. 

Blank Effects. A field blank was analyzed for metals, along with the inlet and outlet 
samples. Cadmium was detected at 12.5 pg and mercury at 2 pg in the field blank, with 
field sample concentrations ranging from 12.5 to 162 pg (cadmium) and 11.1 to 26.8 
pg/dscf (mercury). The blank results indicated that the cadmium and mercury concen- 
trations reported for the field samples may be biased slightly high. Sample results were 
corrected for the field blanks for all the metals. 

Volatile Organic Compounds 

Precision. The only precision estimates available from the reported data for volatile 
organic compounds in adsorbent tubes were the surrogate percent CVs. The laboratory 
injected a known amount of toluene-d, and benzene-d, onto each of the 40 sample 
tubes during analysis. The percent CV for toluene-d, was lo%, which met the precision 
objective (35%). The percent CV for benzene-d6 was 108%, which did not meet the 
precision objective. These results indicate that the benzene results from the CMS 
sorbent tube field samples may have higher than expected variability. 

Accuracy. The accuracy of volatile organic compound results was estimated for 
adsorbent tubes using surrogate recoveries. The average recoveries for toluene-d and 
benzene-d,, based on 40 adsorbent tube samples, were 97 and 37%, respectively. Smce 
the benzene-d, recoveries were reported to have a standard deviation of 40 and an 
average recovery of 37%, it is apparent that some of the individual recoveries were 
below the accuracy objectives (50-150%). The number of recoveries below the objectives 
cannot be determined from the data reported, but a low bias for benzene in the field 
samples is indicated by these surrogate results. 

A breakthrough test was performed in the laboratory by injecting a known amount of 
benzene onto a sample tube, then passing 15 liters of air through the tube at 0.5 liter/ 
minute for 30 minutes, which simulated the sampling conditions. Benzene was recovered 
at 95% in this breakthrough check sample. 

Blank Effects. No results were reported for blank samples. 

Semivolatile Organic Compounds 

Precision. Precision could only be estimated for semivolatile organic analyses using 
surrogate percent CVs. Each cartridge was spiked with three surrogate compounds, 
nitrobenzene-d,, 2-fluorobiphenyl, and terphenyl-d ,2. The percent CVs for these 
surrogates ranged from 13.2 to 5.3% and were well within the 40% precision objective. 
In addition, each cartridge was spiked with benzo(a)pyrene-d ,z before sampling to 
determine breakthrough and recovery efficiency. The percent CV for this compound was 
3.2%, which indicates low variability and good precision. 
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Accuracy. Estimates for accuracy were based on surrogate recoveries. The average 
surrogate recoveries ranged from 91 to 9596, and indicate acceptable accuracy. 

Blank Effects. No results were reported for blank samples. 

Aldehydes 

Precision. Precision estimates for aldehydes were based on an analytical duplicate. The 
RPDs for formaldehyde (17%) and acetaldehyde (24%) were within the project precision 
objective (40%) and indicate acceptable precision for aldehydes. 

Accuracy. Accuracy estimates were made for aldehydes using a matrix spike sample, a 
lab spike sample, and a trip spike sample. Formaldehyde was recovered at 68% in the 
matrix spike sample, which is below Acurex’s laboratory objectives (S0-120%) but within 
the project objectives (50-150%). The lab spike recoveries were 100% for formaldehyde 
and 87% for aldehyde. The trip spike sample recoveries for formaldehyde and acetalde- 
hyde ranged from 84 to 109%, and 83 to 101%, respectively. The lab spike and trip 
spike results indicate acceptable accuracy for aldehydes. 

Blank Effects. A trip blank and a lab blank were analyzed for aldehydes. The lab 
reported that both blanks showed nondetectable concentrations of aldehydes. 

Material Balance Results 

At Site 114, the overall plant mass balance included one inlet (coal) and three outlet 
(bottom ash, collected fly ash, and stack gas) streams. Bottom ash and collected fly ash 
flow rates were estimated using the coal flow rate, the coal ash content, and the particu- 
late loading into and out of the ESP. Stream flow and concentration distributions 
(average and standard deviation) were entered into a statistical error propagation model 
to estimate the confidence intervals for the material balance closures. A detailed 
discussion of the statistical error propagation analysis appears in Appendix E. 

Closure is defined as the ratio of measured outlet to inlet mass flow rates. A 100% 
closure indicates agreement between the outlet and inlet mass flow rates. When trace 
substances are analyzed, a closure of between 70 and 130% has been set as a goal for 
the FCEM project. This range reflects the typical level of analytical uncertainty and, 
therefore, allows the investigator to interpret the inlet and outlet stream component mass 
flow rates as being statistically equivalent. Poor closures or high uncertainties may 
indicate measurement problems in one or more sample matrices. 

Table 4-5 presents the results of the material balance closure and error propagation 
analysis for baseline and reburn conditions. Mass balances were performed only for 
those elements detected in the coal and stack gas. 

PRELIMINARY 
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Table 4-5 
Material Balance Closure Results for Site 114 

NC = Not dculatcd 

Only chromium has acceptable closure during the baseline tests. For reburn conditions, 
beryllium and cadmium have closures outside the desired range. The variability in 
stream compositions is reflected in the large confidence intervals. 
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1 5  
EXAMPLE CALCULATIONS 

This section describes the methodology and sample calculations used to develop the 
results discussed in Sections 3 and 4. Specifically, the calculations of reported concentra- 
tions, unit-energy-based results, and confidence intervals are described. 

, 
I Stream FIOW Rates 
I 

Appendix D presents information about the stream flow rates measured or calculated at 
Site 114. No bottom ash or captured fly ash flow rate data were collected for Site 114. 
Thus, the bottom ash flow rate was calculated from the particulate loading into the ESP 
subtracted from the coal ash flow rate into the boiler. The collected fly ash flow rate 
was calculated from the particulate loadings into and out of the ESP. The material 
balances in Section 4 were computed from these calculated flow rates and the measured 
coal and stack gas flow rates. 

Concentration Calculations 

The concentrations presented in this report were calculated from raw data presented in 
the Acurex report. The gas concentration is calculated as follows: I 

where: 

C =  

M =  

B =  

V =  

35.3 = 

- 528 = 
492 

(M - B) * 35.3 * - 528 C =  
SV 492 

Concentration, pg/Nm3 

Mass measured in the sample, pg 

Mass measured in the blank (reagent or field), pg 

Sample volume (at 68"F), ft' 

Conversion of ft3 to m3 

Temperature correction from standard to normal conditions, 
(68" F to 32" F) 
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All concentrations are presented at normal conditions (32"F, 1 atm). 

Unit Energy Calculations 

The unit-energy-based emission factors (Table 3-6) were determined by dividing the mass 
flow rate of a substance being emitted by the heat input to the boiler during testing. 

The unit-energy-based emission factor during coal firing is calculated from the following 
equation: . 

g * * 2202.6 E =  
HHV * coal 

where: 

E = 

g = 

c = 

HHV = 

coal = 

2202.6 = 

Mean stack emission factor, lb/10'' Btu 

Mean flue gas flow rate, Nm3/hr (all runs) 

Mean total flue gas concentration, pg/Nm3 

Mean coal higher heating value, Btu/lb (all runs) 

Mean coal feed rate, lb/hr (all runs) 

Unit conversion coefficient from pg/Btu to lb/10 l2 Btu 

Arsenic (baseline conditions) will be used for this example. The following mean values 
were taken from Tables 3-1 and 3-4: 

g = 386,300 Nm3/hr 

c = l lpg/Nm3 

HHV = 13,490 Btu/lb 

coal = 100,000 lb/hr 

The emission factor for arsenic is calculated from equation 2 
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386,300 * 11 * 2202.6 = 7 l b / l p  Btu E =  
13,491 * 100,000 

Confidence Interval Calculations 

Confidence intervals (CIS) were calculated for the total mean concentrations in the gas 
and coal streams. In addition, CIS were determined for the stack gas emission factors, 
removal efficiencies, and material balance closures. Additional details of the CI 
calculations for emission factors, removal efficiencies, and material balance closures can 
be found in Appendix E. 

CIS for Stream Concentrations 

The 95% CI about the total mean for simple linear addition can be found by: 

where: 

U r m  = 95% CI for the total mean 

B, = Bias component 

t =  Student's "t" factor for 97.5 percentile (one-tail) and N-1 degrees of 
freedom 

Standard deviation of the individual run measurements $ =  

N =  Number of measurements 

The bias component for the mean is found by root-sum-squaring the bias error from 
each run and the sensitivity of that run to the mean: 

PRELIMrmARY 
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i = l  

where: 

8 .  = 

e .  = 

Bias for each run i 

Sensitivity to run i = 1/N 

Pi 

Pl 

The individual bias is equal to one-half the reporting limit for concentrations below the 
reporting limit. Zero bias is assumed for reported quantities. 

The following cadmium concentrations hg/Nm3) for the reburn test, taken from Table 
3-3, will be used to demonstrate the method for calculating the 95% CI: 

Standard 
Substance -1 -2 - Run 3 Mean Deviation 
Cadmium 89 6 NR(0.03) 32 50 

The 95% confidence interval is calculated using these values inserted into equation 4 

8, = 0.015 

t =  43 

$ =  50 

N =  3 

Urn = ~(0.015)* + [ 4.3 Jr * 50 = 124 p m m 3  

The 95% CI (U 
in Table 3-3. 

for the total cadmium concentration is _+ 124 pg/Nm3, as shown 
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AAS 
Btu 
CI 
CEM 
CMS 
CVAAS 
DGA 
dscfm 
ESP 
FCEM 
GC/MS 
GFAAS 
HHV 
IC 
ICP-AES 
INAA 
MS/MSD 
NC 
NR 
Nm 

NO, 
PAH 
QA/QC 
RPD 
RL 
SIE 
voc 
VOST 

Atomic Absorption Spectrophotometry 
British Thermal Unit 
Confidence Interval 
Continuous Emissions Monitor 
Carbon Molecular Sieve 
Cold Vapor Atomic Absorption Spectrophotometry 
Double Gold Amalgamation 
Dry Standard Cubic Feet per Minute (1 atm., 68°F) 
Electrostatic Precipitator 
Field Chemical Emissions Monitoring 
Gas Chromatography/Mass Spectroscopy 
Graphite Furnace Atomic Absorption Spectrophotometry 
Higher Heating Value 
Ion Chromatography 
Inductively Coupled Plasma Atomic Emission Spectrophotometry 
Instrumental Neutron Activation Analysis 
Matrix Spike/Matrix Spike Duplicate 
Not Calculated 
Not Reported (below reporting limit) 
Dry Normal Cubic Meter (1 atm, OOC) 
Nitrogen Oxides 
Polynuclear Aromatic Hydrocarbon 
Quality Assurance/Quality Control 
Relative Percent Difference 
Reporting Limit 
Selective Ion Electrode 
Volatile Organic Compound 
Volatile Organic Sampling Train 



APPENDIX A: 
RAW ANALYTICAL DATA FROM ACUREX 

Table A-1 presents the multi-metals test results for the ESP inlet gas of the baseline and 
reburn tests. Tables A-2 and A-3 present raw analytical data for the stack gas of the 
baseline and reburn tests. Only one field blank was given for all multi-metals tests. 
Only a reagent blank is presented for the aldehydes. 
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Appendix A: Raw Analyiical Data from Acurex 

Table A-1 
Results of the Sample and Blank Analyses for the ESP Inlet Gas at Site 114 

*Only one field blank was collected for all multi-metals runs in the ESP inlet and stack. 
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Appendix A. Raw Analytical Data from Acurex 

Table A-2 
Results of the Sample and Blank Analyses for the Stack Gas at Site 114 

'Only one Geld blank was colledcd for all multi-metals runs in the ESP inlet and stack. 
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Appendix A. Raw Analytcal Data from Acurex 

Mass Collected in Sample kg) 
Reburn Run 1 Run 2 Run 3 

Table A-3 
Results of the Sample and Blank analyses for the Stack Gas at Site 114 

Field Blank kg)’ 

Gas Sample Volume (Nm’) 

Chloride 

Fluoride 

5.04 5.23 753 

41000 53,600 7 1 W  “100) 

700 17500 a 6 0 0  

I I I I ReaeentBlank 

Gas Sample Volume (Nm’) 

Benzene 

Toluene 

Aldehvdes h e )  

0.014 0.015 0.015 

27.0 273 16.0 

16.0 173 u . 7  

‘Only one Geld blank was collected for all multi-metals runs in the ESP inlet and stack. 
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APPENDIX B: 
SITE 114 SAMPLING AND ANALYTICAL METHODS 

Target Substance 

Table B-1 contains a list of sampling methods by stream. Sampling methods are sepa- 
rated into sampling trains for the gas streams, ESP inlet and stack gas. Table B-2 con- 
tains a list of analytical methods by stream and target substance. All streams sampled at 
Site 114 are included, even those not discussed in the text of this report. 

Sampliog Method 

Chloride, Fluoride 

Volatiles 

Formaldehyde 

Semivolatiles 

PRELIMINARY 

CARB Method 421, Carbonate Impiagers 

VOST Train with C M S  Sorbent 

CARB Method 430, DNPH Midget Irnpingers 

EPA SW 0010 Modified Method 5 

B-1 
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coal 

Bottom Ash 

Collected Fly Ash 

Grab/Comp&te 

Grab/Cornposite 

Grab/Cornposite 



Appendix E: Sampling and Analyrical Methods 

Target Substance Analytical Method 

Multi-Metals. 
Arsenic 
Chloride 
Fluoride 
Mercury 
Selenium 
Volatile Organics 
Aldehydes I CARB 430 (HPLC) 
Semivolatile Organics I EPA SW 8270 (GC/MS) I 

EPA SW 6010 (ICP-AES) 
EPA SW 7060 (GFAAS) 
EPA 300.0 (IC) 
CARB 421 (IC) 
ASTM D 3684-78 (CVAAS) 
EPA SW 7740 (GFAAS) 
EPA SW 8240 (GC/MS) 

11 '=ulti-Metals' I EPA SW 6010 (ICP-AES) 

I Arsenic 
Chloride and Fluoride I Notspedfied 

I EPA SW 7060 (GFAAS) ll 
I 

11 Lead I EPA SW 7421 (GFAAS) II 

L a d  
Mercury 
Selenium 

II Mercury I ASTM D 3684-78 (CVAAS) II Selenium I EPA sw nm IGFAAS) 

EPA SW 7421 (GFAAS) 
ASTM D 3684-78 (CVAAS) 

EPA SW 7740 (GFAAS) 

11 Moisture.Ash.HHV I Proximate ~ n a ~ v s i s  I1 
Carbon, Hydrogen, Nitrogen, Sulfur, Oxygen I Ultimate ~nalysis 

I EPA SW 6010 (ICP-AES) 
Bottom Ash, Collected Fly Ash 

Multi-Metals' 
II Arsenic I EPA SW 7060 IGFAAS) II 

'Multi-metals indude beryllium, cadmium, chromium, manganese, and nickel. 
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APPENDIX C: 
SITE 114 DATA USED IN CALCULATIONS 

Appendix C presents the results from the sampling done at Site 114 during baseline and 
rebum conditions. Tables C-1 and C-2 present the concentrations of the substances 
measured for baseline and rebum conditions, respectively. The analytical techniques 
used to determine these results are also given. The data presented in Section 3 were 
obtained from this appendix. The higher heating values for coal are presented on a wet 
basis; all other values for coal are on a dry basis. 

I 
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APPENDIX D: SITE 114 PROCESS DATA 

Appendix D summarizes process data collected during the sampling of Site 114. Table 
D-1 presents power plant operating data for the baseline sampling, while Table D-2 
presents data for rebum sampling. 

D-1 
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APPENDIX E: ERROR PROPAGATION AND MATERIAL 
BALANCE RESULTS 

i 

An error propagation analysis was performed on calculated results to determine the con- 
tribution 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 into the calculation of the results. This 
uncertainty does not represent the total uncertainty 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 the uncertainty in the result for the period of time that the meas- 
urements were taken. 

The measure described below is based on ANSI/ASME PTC 19.1-1985, "Measurement 
Uncertainty." 

Nomenclature 

r =  Calculated result; 

spi = 

g .  = 

B . =  

v. I = 

v, - - 
s, = 

6 ,  = 

t =  

Sample standard deviation of parameter i; 

Sensitivity 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 uncert.; 

Bias component of result uncert.; 

Student "t" factor (two-tailed distribution at 95%); 

P' 

E- 1 
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Appendix E: €nor Propagation and Material Balance Results 

u, = 

Ni  = 

Uncertainty in r; and 

Number of measurements of parameter i. 

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

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

s, = Jx; i=l 

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

h e. = - 
I a P i  

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

r(pi + APi) - rPi) e. = 
I AP, 

E-2 
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Appendix E: Error Propagation and Material Balance Resulrs 

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

The degrees of freedom for each parameter is found from 

and the degrees of freedom for the result if found by weighing the sensitivity and preci- 
sion error in each parameter. 

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

The precision error terms are easily generated using collected data. When calculating 
the S.+ care is taken in assigning degrees of freedom to each parameter, For example, if 
15-mute average coal data are used to generate a mean coal feed rate for each of 
three days, the degrees of freedom in the average coal feed rate for the trip should 
reflect all  of the 15 minute averages and not just the three daily averages. However, as 
another example, running duplicate analyses does not increase the degrees of freedom in 
analytical results. 

The bias error terms are more difficult to quanw. The following conventions were used 
for this report: 

5% bias on coal and ash rates. 

No bias in analytical results unless the result is less than reporting limit. Then one- 
half the reporting limit is used for both the parameter value and its bias in 
calculations. 

The flow rate bias values are assigned using engineering judgment. No bias is assigned 
to the analytical results (above the reporting liplit) or gas flow rate since a good estimate 

E-3 
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qDpendiw E: Error Propagation and Material Balance Results 

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. Analytical bias near the instrument reporting limit may be 
especially large. Therefore, the uncertainty values calculated for this report should be 
used with care. 

In addition to the assumptions about bias errors referred to above, the calculations also 
assume that the population distribution of each measurement is normally distributed 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 cal- 
culated uncertainty does not include a bias term to reflect the fact that the. sampled 
system.was probably not operating (and emitting) at conditions equivalent to the average 
conditions for that system over a longer period. An example of the confidence interval 
calculation is provided below. 

Confidence Interval Calculations 

Confidence intervals (Us) were calculated for the mean total concentrations in all gas 
streams. In addition, confidence intervals were determined for the stack gas emission 
factors presented in Table 3-6, the ESP removals in Table 3-7, and material balances in 
Table 4-4. 

The following example shows an example calculation for the 95% confidence interval 
around an emission factor. This procedure utilizes the same method outlined earlier in 
this appendix and used in the computer program. This is a generic example and values 
used in the calculation are not from Site 114. 

where: 

g = Gas flow rate, Nm3/br 

s = Solid phase conc., mg/Nm3 

v = Vapor phase conc., mg/Nm3 

"V = Coal higher beating value, Btu/lb 

Coal = Coal feed rate, klb/hr 

E4 
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Appendix E: Error Propagation and Material Balance Results 

The values used to calculate the emission factor and the confidence interval are as 
follows: 

s Nm /hr 
Mean 2,607,500 
SP 34,100 
s i  24,116 
N 3 

e 2.4~10 -' 
L 8, 0 

V P  1 

Parameter 
S V 

mdNm' me/Nm3 
0.00073 0 
0.00039 0 
0.00027 0 

2 2 
0 0 

a43 - 
1 1 

HHV 
u b  
11,890 
75.6 
43.6 

3 
0 

-5.2~10-~ 
2 

The calculation for the solid phase values is included for reference. 

Solid phase analytical: 0.000452 mg/Nm3 

0.00100 mg/Nm3 

N=2 

Mean = 0.00073 

Sp = 0.00039 

S i =  m = O . W 7  
J 2  

Coal 
Klb/hr 
573.75 
8.76 
1.26 
48 

28.7 
-1.0~10 -3 

47 

As explained in Appendix E, the ,9 for analytical results is assigned as zero. 
I 

8 ,  = 0 

Next, calculate the sensitivity using perturbation method and a O.OOO1 mg/Nm3 
perturbation: 
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Appendir E: Error Propagation and Mererial Balance Resu/& 

r (0.00083) - r [0.00073) 
o.Ooo1 

0.7 - 0.61 
o.Ooo1 

843 

Similar calculations can be done for each parameter. 

The precision component is then found by root-sum-squaring the product of the parame- 
ter S,-s and their sensitivities. 

S, = 0.236 

The bias component is found using the same equation substituting B for the S term. 

B , = 0.03 

The uncertainty in the result is then 

The degrees of freedom is found to be 1.0 for a "t" of 12.7 (i.e., one degree of freedom 
for N=2). 

Ed 
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Appendix E: Error Propagation and Material Balance Results 

Ur = /(0.03)2 + (12.7 x 0.236)2 

= 3.0 

The emission rate is cala..-ted as 0.59 lb '* Btu. 

The value is reported as 0.59 f 3.0 lb/lO'z Btu. 

Improvements in bias estimates will be made as more data is collected and the QA/QC 
database is expanded. Spike and standard recoveries can be used to begin to estimate 
analytical bias. Also, as the analytical methods improve accuracy will improve, resulting 
in the true bias of the analytical results being closer to the zero bias now assigned. 

Accounting for long-term system variability will require repeated sampling trips to the 
same location. 

Tables E-1, E-2, and E-3, which follow this discussion, are the computer-generated 
results from the emission factor, removal efficiency, and material balance error propaga- 
tion, respectively. An "ERR" in the calculation table indicates a concentration used in 
formula was not detected. 
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Emission Factor Results 
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Removal Efficiency 
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r - 1 - 0 - 1 - q  2 a s s s s s a a -  
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Material Balance Closure Results 
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APPENDIX F: 
QUALITY ASSURANCE AND QUALITY CONTROL 

This section presents QA/QC results for the gas and solid stream samples. The blank 
analyses are presented as well as quality control results and reporting limits. 

Table F-1 presents the results of blank analyses for gas stream samples. Field blank 
analyses were performed for metals and anions. A reagent blank was taken for the 
aldehydes. 

Tables F-2 and F-3 present recovery results for a water and ash standard used for coal, 
bottom ash, and collected fly ash analyses. 

Table F-4 presents spike recoveries for different organics sampled at Site 114. 
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Appendix F: Qualify Assurance and Qualily Control 

Table F-1 
Summary of Blank Sample Results 

*Reporting limit not available. 
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Parameter 
Certified Measurement @g/L) 
NIST SRM Metals Solution Recoverv 9'0 

Arsenic 

Beryllium 

Cadmium 

200 110 

10 80 

100 96 

Chlorine 

Chromium 
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1,ooO 86 

100 95 

Lead 

Manganese 

Nickel 

Selenium 

100 67 

100 91 

100 108 

500 114 



Appendix F: Quality Assurance and Quality Contiol 

Table F-3 
Summary of Quality Control Sample Results for Coal, Bottom Ash, and 
Collected Fly Ash 

II I Certified Measurement (mm) I 11 Parameter I NIST SRM Fly Ash” . I Recovery ?6 

Arsenic 145 

Cadmium 1.0 

Manganese 179 

11 Nickel I 127 

Selenium 10 

66.2 

Below ReDorting Limit 

77.6 

58.3 

88.6 

Below Reporting Limit 

89 

Below Reporting Limit 
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Appendix F: Qualify Assurance and Qualify Control 

Mean Spike M W d  
Compound . Reeovey (%) Prezision (% CV) 

Table F-4 
Summary of Isotopic Recovery Results 

No. of Spikes 

Volatile Organics 

Benzene-d6 31 

PAHS 

Benzo(a)pyrenc-dlZ 93 

Formaldehyde 95 

Acetaldehyde 90 

Aldehydes (trip spikes) 

'Data not available. 

108 40 

. -- 3 

-- 4 

__ 4 

PRELIMINARY 

volatile organics 

Toluene-& 97 103 

Benzene (LX breakthrough 95 -_ 

PAHS 

Nitrobenzene-d5 91 I32 

2-Fiuorobiphenyl 95 5 

Terphcnyl-dU 92 5 

Formaldehyde 100 

Acetaldehyde 87 

Aldehydes 

I 

- 
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