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oecbicpwr 
Research- Leadership in Science and Technology 

April 21,1993 

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

Dear Mr. Maxwell: 

In response to the Clean Air Act Amendments of 1990, the Electric Power 
Research Institute (EPRI) initiated the PISCES (Power 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, Sq, 
and NO, control technologies. EPRI is actively pursuing additional FCEM 
sampling programs, with at least 24 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 19. 
Site 19 consists of a pulverized coal-fired boiler burning a bituminous coal and 
an electrostatic precipitator (ESP). The Site 19 sampling and analysis project 
was equally sponsored by EPRI and the host utility. The project budget was not 
sufficient to complete the entire PISCES sampling and analytical protocol. The 
primary interest was a select group of the trace metals and anions at the ESP 
outlet. 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 
0. 
The primary objective of this report is to transmit the preliminary results from 
Site 19 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 19 with the results from previous utility sites. 

e. Post m c e  Box 10412. Palo Ako, CA 94303. USA (415) w w w  @w m-15) 8552954 
Nineteenth street. NW, sutte 1000. Washington, DC 20036. USA (202) 872-9222 *Fax: (202) zg6-5436 



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

EPRl 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. 

Sincere1 y, 

Paul Chu 
Manager, Toxic Substances Control 
Environment Division 

~- ~ ~. . ~ 
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section 1 

INTRODUCTION 

This report s w s  data gathered by Radian Corporation at a power plant 
designated Site 19. This program was sponsored by the Electric Power Research 
Institute (EPRI) and the host utility. The objective of the Field Chemical Emissions 
Monitoring Project (FCEM) sponsored by EPRI (RP-3177) is to measure the concentra- 
tions of selected inorganic and organic substances in the process and discharge streams 
of power plants. These data are being used to determine the fate and control of these 
substances. 

The primary objectives of this report are to provide information on fuel composition and 
stack emissions and to evaluate these data according to the criteria outlined below. The 
information is presented in a format suitable for the U.S. Environmental Protection 
Agency (EPA) to use to study emissions from fossil-fuel-fired power plants, as mandated 
by the Clean Air Act Amendments (CAAA) of 1990. This report s m s  fuel and 
stack gas concentration data measured during the operation of an opposed wall-fired 
boiler burning low-sulfur bituminous coal. Emissions were controlled by an electrostatic 
precipitator. Sampling was conducted during March of 1992. 

The Site 19 sampling and analysis effort was equally funded by EPRI and the host utility. 
The budget was not sufficient to allow for the complete FCEM sampling and analytical 
protocol. The primary interest was a select group of trace metals and anions at the ESP 
outlet. 

Table 1-1 lists the substances of interest to the FCEM project. The substances chosen 
for study at Site 19 are identified with an asterisk in Table 1-1. Unlike most of the other 
FCEM sites, only coal and 5ue gas samples were collected at Site 19; therefore, material 
balances could not be performed. In addition, the target analyte list for Site 19 did not 
include any of the organic compounds measured in other FCEM sampling efforts. 
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. 

Results are presented for each substance by individual run and as an averaged total. To 
demonstrate data variability, the 95% confidence interval about the mean is also 

1-1 
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Table 1-1 

FCEM Substances Of Interest 

Elements 

Arsenic' 
Barium 
Beryllium 
Cadmium' 

Organic Compounds 

Benzene 
Toluene 
Formaldehyde 
Polycyclic Organic Matter @OM) a 

Chlorine (as &lo----, 
ClUOmiUm' 
Cobalt 
Copper' 
Fluorine (as fluoride)* - 
Lead 
Manganese' 
Mercury' 
Molybdenum 
Nickel" 
Phosphorus 
Selenium' 
Vanadium 

~ ~- ~ 

'Also referred to as scmivoiatile organic compounds. Includes polynuclear aromatic hydrocarbons (PAHS). 

*Denotes a target substance for the Site 19 study. (Data for other substances are also available because of 
the multi-element techniques employed.) 
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presented. The confidence interval incorporates the combined process, sampling, and 

Process Operation 

The unit operated at full load during each test run. No unusual process upsets were 
encountered, and particulate emissions were well below compliance limits. By all 
indications, process operation during testing was representative of normal operation for 
this unit. 

Sampling and Analysis Protocol 

The sampling and analysis protocol for Site 19 is desmied in Appendix k The methods 
used are comparable to those used at other FCEM sites sampled by Radian, with the 
following exceptions: 

In addition to INAA analysis (employed at other FCEM sites), coal samples were 
analyzed for metals by ICP-AES and GFAAS. 

In addition to ICP-AES analysis (employed at other FCEM sites), 5ue gas samples 
were analyzed for chromium and nickel using GFAAS. 

analytical variabilities. 

Quality Assurance/Qualii 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 19 indicate that the samples are 
well characterized. An evaluation of the accuracy, precision, and bias of the data, even if 
only on a qualitative level, is considered to be an important part of the data evaluation. 
A full discussion of each of these components can be found in Section 4. 

Standard QA/QC checks for this type of sampling program involve the use of: 1) 
replicate tests, duplicate field samples and lab analyses, and matrix spike and lab control 
duplicates to determine precision; 2) matrix spikes, surrogate spikes, and laboratory 
control samples to determine accuracy; and 3) field blanks, trip blanks, method blanks, 
and reagent blanks to determine if any of the samples were contaminated during 
collection or analysis. Most of these standard QA/QC checks were used on samples 
from Site 19, except for surrogate spikes (which do not apply to metals and anions 
analyses) and the duplicate analysis of samples. The absence of any of these "standard" 
quality control checks does not necessarily reflect poorly on the quality of the data but 
does limit the ability to measure the various components of measurement error. 

Data Quality 

The QA/QC results were compared to the data quality objectives shown in Section 4. 
QA/QC results outside the data quality objectives are noted and discussed, other quality 

PRELIMINARY 
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Introduction 

m c e  values are evaluated, and the potential effect on data quality is noted. Based 
on the detailed information presented in Section 4, the following conclusions can be 
made: 

Cadmium concentrations in flue gas particulate samples may be biased low, leading 
to a potential underestimate of particulate phase cadmium emissions. 

Arsenic and selenium concentrations measured in the coal by GFAAS may be biased 
low; therefore, INAA was selected as the primary technique for analyzing for these 
elements in the coal. 

Measured concentrations of vapor phase manganese may be artifacts, caused by the 
contamination of impinger solutions; therefore, the vapor phase results were excluded 
from d e  manganese emission calculations. 

Report Organization 

Section 2 of this report briefly describes the plant and the sample locations. Section 3 

engineering 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, sampling data, error propaga- 
tion equations, and detailed QA/QC data. 

- - W s e s  the chemical anaJy* of the coalxdd stack gas. Section 4presents QA/QC .~ ~ and - ~- - 

14 
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Section 2 

SITE DESCRIPTION 

The FCEM project has a policy of giving a site code to each plant sampled. This plant 
has been designated Site 19. The test site and the sampling locations are described in 
this section. 

Facility Information 

Two coal-fired units are located at Site 19. Testing was performed on Unit 1; the 
configuration of the unit is summarized in Table 2-1. The opposed wall-fired, super- 
critical boiler was designed by Babcock and Wilcox. The furnace consists of a single 
chamber with no partition. 

Figure 2-1 is a process flow diagram of Unit 1. The plant burns bituminous coal from 
western Virginia and Kentucb. Historically, some of the coal is cleaned by flotation at 
the mines by the vendors to maintain consistent quality. The delivered coal has a typical 
ash content of less than 10% and a typical sulfur content of less than one percent. Four 
different mines supplied the coal during the test period, and the coal shipments received 
(and burned) during testing are summarized in Table 2-2. 

Bottom ash is removed from the boiler by an ash sluicing system, and electrostatic 
precipitators (ESPs) remove fly ash from the flue gas. The flue gas treatment and ash 
removal facilities are described in greater detail below. 

Flue Gas Treatment Facilities 

Unit 1 is equipped with two cold-side ESPs, with weighted Wire discharge electrodes. 
The design specific collection area (SCA)  is 305 ft ' / lo a h  Each ESP has two outlet 
ducts through which flue gas flows to induced draft fans (four fans in all) and into the 
Unit 1 stack The unit is equipped with a conditioning system that injects SO, into the 
flue gas upstream of the ESPs to improve performance. The SO, injection is operated 
automatically with a computer-controlled feedback system that maintains an ESP spark 
rate of about ten per minute. The injection rate was not regularly monitored, but typical 
injection levels during the test period were between 4 and 11 ppmv SQ based on several 
random readings. Separate conditioning systems are used for the A-side and B-side 
ESPs. 

Ash Removal Facilities 

Dry fly ash collected by the ESPs is pneumatically conveyed to ash silos. A portion of 
the ash is sold and the remainder is trucked to a nearby landfill. Lake water is used to 

PRELMNARY 
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Si Description 

Table 2-1 

Unit 1 Summary 

Maximum Gross Electrical Output (MW): 

Particulate Emission Limits (lb/106 Btu): 
S q  Emission Limits (lb/106 Btu): 
Air Pollution Controls: 
ESP Design SCA (ftz/103 a&): 
Design ESP Efficiency (%): 

Boiler Type: 

Boiler Additives: 

~ NQ Conaol: ~ -- 

Design Fuel Feed Rate (ton@, dry): 

Fuel Type: 
Fuel Sulfur Content (% dry): 
Fuel Ash Content (% dry): 
Fuel Heating Value (Btu/lb, dry): 
Fly Ash Disposai: 

Bottom Ash Disposal: 

Bottom Ash Sluice Water Source: 

Cooling Water System: 

Cooling Water Source: 

1,160 
0.15 

2.3 
Cold-Side ESPs 

305 
99.7 
Opposed Wall-Fired, Supercritical 

None 

None 

350 
Bituminous Coal 

0.9 a 

9" 
UJOO" 

Landfill 
Pond 

Lake 
once Through 
Lake 
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Siie Description 

sluice bottom ash from the boiler to an ash basin. Ash collected in the economizer and 
primary air heater is also sluiced to the ash basin, along with the pyrites rejected from 
the coal pulverizers. 

Sampling Locations 

Samples of two streams (coal and ESP outlet gas) were collected from Unit 1. The 
sampling locations are identified on the process flow diagram, Figure 2-1. 

Coal samples were collected from the two belts that convey coal into the top of the 
storage bunkers for each of the ten mills. Because the samples were coIIected 
upstream of the mills, they were taken before the rejection of pyrites. Coal samples 
taken from this location are considered to be more representative than the plant daily 
composite, which would have included coal fed to the other unit as well as coal fed 
during long periods of operation when flue gas samples were not collected. 

Samples of the flue gas exiting the ESPs were collected from the vertical ducts (four 
ports in each duct) atop each of the four induced-draft fans. These ports are used by 
the plant for particulate compliance testing; no ports were available on the stack. 

The procedures for collecting, pretreating, and analyzing the samples are discussed in 
Appendix A. Table 2-3 presents an overview of the types of analyses performed on these 
SWeamS. 

PRELIMINARY 
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Site Description .. .. 

Table 2-3 

Process Stream Analyses Performed 

Stream 

coal 

Metals" Anions 

J J 

ESP Outlet Gas J J 

Meials' include the target species &c. cadmium, chromium, copper, manganese, mercmy, nickel, and .. 
selenium. Data for other Species are also available because of the multi-element techniques employed. 

b'Anions' mclude the target analytes chloride and fluoride, as well as sulfate. 
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Section 3 

RESULTS 

This section summarizes the results of @e coal characterization and gas stream analyses. 
Sampling, preparation, and analytical methods are summarized in Appendix k Detailed 
analytical data can be found in Appendices B and C. 

Sampling Schedule 

Site 19 was sampled in March, 1992. Two types of sampling trains were used to collect 
flue gas samples from the ESP outlet ducts. Multi-metals trains were used to traverse 
each of the four ducts during each sampling run. Anions trains were used to collect 
samples at single points of average velocity in each of the four ducts. 

Figure 3-1 presents the actual sampling schedule. As shown in the figure, three valid 
runs (numbered Runs 2-4) of multi-metals and anions trains were completed. Sampling 
problems voided Run 1 multi-metals and anions samples. 

Data Treatment 

_I 

Several conventions have been developed for treating the test data and developing 
average concentrations of substances in the various stream. 

To determine the total gas concentration for each run, both the solid and vapor phase 
contributions were considered. However, the absence of some reportable concentrations 
in either (or both) phases required that conventions be developed for dealing with these 
data and formulating emission factors. These conventions are nlmmarized below. 

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

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

The concentrations of both the solid and vapor phase are below the 
reporting limits. 

The concentration in one phase is above the reporting limit, while the con- 
centration in the other phase is below the reporting limit. 

Case 2 

Case 3: 

PRELIMrNARY 
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Results 

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

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

For example, the total chromium concentration in the ESP outlet gas for Run 2 is 
calculated as follows: 

Cr in solid phase = 14 pg/Nm 

Cr in vapor phase = 1.9 pg/Nm 

Total Cr in ESP outlet gas = 15.9 pg/Nm ’ 
For Case 2, the total concentration is considered to be the reporting limit in the solid 
phase. (This case is not represented by the data in this report.) 

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

For example, the arsenic concentration in the ESP outlet gas is calculated as follows for 
Run 2 

As in solid phase = 8.6 pg/Nm 

As in vapor phase = NR(0.98 pg/Nrn ’) 

Total As in ESP outlet gas = 8.6 pg/Nm 

The above conventions also are in accordance with guidance provided by EPA (Technkxd 
Implementation Document for EPA’S Bailer and Inahdal Fwnace Regularions, U.S. 
Environmental Protection Agency, Office of Solid Waste, Washington, D.C, March 
1992). 

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

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

PRELIMINARY 
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Results 

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

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

Analvtical Values Calculation Mean Value 
10, 12, NR(8) [lo+ 12+(8/2)1/3 8.7 

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

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

- ~ 

m e n  all analytica-results for_a@ven variable are below the reporting limit, the _ _  
mean is reported as m(x), where x isthe largest reporting h i t .  The bias estimate 
(used in calculating confidence intervals for other parameters) is one-half of the 
reporting level, and no confidence interval is reported. 

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

Coal 

Table 3-1 shows the analytical results for the coal samples. Appendix A presents the 
analytical method used for each combination of substance and stream. The Concentra- 
tions reported here were measured using what Radian considered to be the best method 
for each matrix. Typically, the method with the lowest reporting limit was chosen, except 
when QA/QC data indicated significant problems with precision or bias for a particular 
technique. For each substance, a mean concentration has been calculated, along with 
the 95% confidence 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, it can be 
said, with 95% certainty, that the true mean arsenic concentration in the coal is between 
1.8 and 9.6 mg/kg, according to the three results shown in Table 3-1. The calculation of 
this confidence interval is discussed in Section 5 and in Appendix E. 

Arsenic and selenium concentrations in the coal were measured using instrumental 
neutron activation analysis (INAA). Cadmium, chromium, copper, manganese, and 
nickel concentrations were measured using inductively coupled plasma atomic emission 
spectroscopy (ICP-AES). Chloride concentrations were measured by potentiometric 
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Results 

Table 3-1 

Site 19 Coal Composition 
(mg/kg Unless Noted) 

Substance -2 - Run 3 -4 - Mean 
Gross Load ( W e ) "  1,161 1,157 1,164 1,161 

Coal Rate (lb/hr, dry) 698,000 692,000 692,000 694,000 

(BWh dry) 13,459 13,504 13,437 13,467 

Ash (%, dry) 8.3 8.9 10 9.1 

Moisture (%) 6.3 5.8 6.1 6.1 

Sulfur (%, dry) 0.82 1.0 0.98 0.94 

Arsenic 

cadmium 
Chloride 

ChrOmium 

copper 
Fluoride 

Manganese 

Mercury 

Nickel 
Selenium 

4.2 

NR(0.40) 

610 
14 

16 

130 

5.0 
0.10 

12 

3.7 

5.6 

NR(0.40) 

840 

15 

16 

90 

6.0 
0.10 

12 

4.0 

7 3  

NR(0.40) 

640 
17 

18 

53 

11 

0.11 

12 

4.0 

5.7 

NR(0.40) 

700 
15 

17 
91 

7 3  

0.10 
12 

3.9 

95% CI 

15 

8,600 
85 

2.1 

0.6 

0.25 

3.9 
- 

310 
3.8 

2 9  
93 

8.0 

0.014 
0 

0.46 
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titration. Fluoride concentrations were measured using an ion selective electrode. 
Mercury concentrations were measured using double gold amalgamation (DGA) with 
cold vapor atomic absorption spectrophotometry (CVAAS). 

For those substances that could not be quantified, the notation "NR(xy is used. This 
term meam "not reported at a concentration of x." The reporting limit can vary accord- 
ing to sample size, sample preparation, and analytical method (see footnote in Table 3-1 
for additional details about the reporting limit). 

ESP outlet Gas 

Table 3-2 presents the concentration of the target d y t e s  in the ESP outlet gas. All 
four ESP outlet ducts were sampled during each test run; samples were combined before 
analysis to obtain emissions representative of the unit as a whole. The data are 
presented as solid and vapor compositions, along with the mean concentrations and 
confidence intervals of the combined phases. Five of the target metals (chromium, man- 
ganese, mercury, nickel, and selenium) show measurable concentrations in the vapor 
phase. However, the measured manganese concentrations are believed to have resulted 
from-contamination of the multi-metals impinger solutions. This is discussed more fully 
in Section 4. Vapor phase manganese results are not considered valid, and they have 
been excluded from calculation of the mean concentration and the emission factor for 
manganese. 

Arsenic, cadmium, chromium, nickel, and selenium concentrations in the flue gas were 
measured using GFAAS. Copper and manganese concentrations were measured using 
ICP-AES. Chloride concentrations were measured using ion chromatography, and 
fluoride levels were measured using an ion selective electrode. Mercury concentrations 
were measured by CVAAS. 

Table 3-3 presents the emission factors, on a unit energy basis, for the target dyes. 
Mean particulate emissions were 0.036 lb/10 Btu. Chloride (75,000 lb/10 j2 Btu) and 
fluoride (5,800 lb/10 l2 Btu) have the highest emission factors, which is expected because 
the vapor-phase species (HCI and HF) are not effectively removed by the ESP, and 
because the concentrations of dor ide  and fluoride in the coal are higher than the other 
target species. 

Other Species Detected 

Other substances not on the target analyte list, but which are listed in Title III of the 
Clean Air Act Amendments of 1990, were also measured. Additional Title III 
substances include antimony, beryllium, and cobalt. The concentrations of these 
elements in the coal and ESP outlet gas are shown in Table 3-4. These elements were 
measured as part of the multi-element techniques used to measure the target elements. 
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Table 3-3 

S i  19 Emission Factors 
(lb/10'2 Btu Unless Noted) 

substance Combiied Mean 

Gas Flow (dscfm) 2,530,000 

Gas Flow (Nm ' h r )  4,000,000 
coal  ow (Ib/hr, dry) 694,000 
Heating Value (Btunb, dry) 13,467 
Particulate (lb/106 Btu) 0.036 

Arsenic 7.9 
0.13 cadmium 

chloride 75,000 
chromium 13 
copper 12 

F l d e  5,800 
Manganese 5.4' 
Mercury 6.2 
Nickel 7.9 
Selenium 260 

. - ~~ 

Results 

95% CI 

150,000 

240,000 
8,600 
85 

0.014 

2.9 
0.20 
53,000 
5.1 
5.0 
3,100 
1.8 
1.5 

~ 

4.0 
350 

PRELIMINARY 

3-8 
DO NOT CITE OR QUOTE 



3 0 N .  
- - J  

0 
- 5  ? w  
0 

3-9 

PRELIMINARY DO NOT CITE OR QUOTE 



DO NOT CITE OR QUOTE 



section 4 

DATA EVALUATION 

Several procedures can be used to evaluate the information developed during a field 
sampling program. In the case of Site 19, three methods were used to evaluate data 
quality. First, the process data were examined to determine if the unit was operating at 
normal, steady-state conditions during the sampling periods. Second, the QA/QC 
protocol for sampling and analytical procedures used at Site 19 (Le., equipment caliira- 
tion and leak checks, duplicates, blanks, spikes, standards, etc.) were evaluated. Site 19 
QA/QC data were compared with FCEM project objectives. Third, the feed rates of 
substances in the fuel were compared with the emission rates of those substances. For 
those substances that are almost completely vaporized within the boiler and remain in 
the vapor phase of the flue gas, such as chloride, fluoride, and mercury, the emission 
rates should be comparable to the feed rates. For those substances primarily associated 
with the particulate matter, emission rates should be much lower than the feed rates, 
because of the removal of particulate matter by the ESP. 

Process Operation 

F’rocess operation data were examined to ensure that operation was stable during 
sampling periods. Measurements were available from two sources: 1) the plant comput- 
erized data acquisition system, which stored parameters every two minutes, and 2) flue 
gas sampling data sheets. The key parameters are shown in Table 4-1. The coefficients 
of variation (CVs) were calculated (for each of the parameters available in two-minute 
intervals) to determine process variability. In addition, process trend plots are included 
in Appendix G. 

No major process upsets were encountered during the sampling effort. The unit main- 
tained steady, full-load operation throughout each of the test runs. Boiler operation was 
stable, as indicated by the low C V s  for the gross load, coal feed rate, and economizer 
outlet 9 concentration. The ESPs were performing we& maintaining opacities in each 
ESP outlet duct well below compliance limits, and opacity C V s  were less than 20 
percent 

Sample Collection 

Several factors indicate acceptable sample collection. Key components of the sampling 
equipment-pitot tubes, thermocouples, orifice meters, dry gas meters, and sampling 
nozzles-were calibrated before use in the field, and those calibrations were checked at 
the end of sampling. These caliirations are on file at Radian Corporation. The 
methods used to collect metal and anion samples were comparable to those used at 
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other FCEM sites sampled by Radian. The sampling runs were well documented, and 
all flue gas samples were collected at rates of between 90 and 110% of the isokinetic 
rates. SuEuent data were collected using standard sampling and aualysiS methods to 
ensure acceptable data completeness and the comparability of the measurements. 

Flue gas samples were collected from all four of the ESP outlet ducts. The samples 
were combined before analysis so that the measured emissions would represent the unit 
as a whole. Samples were collected from ports on the vertical ducts directly above the 
discharge of each of the four I.D. fans. These ports are used by the plant for particulate 
compliance testing; no ports were available on the stack. 

Coal samples are considered to be representative of the coal fired during flue gas 
sampling. Coal samples were collected from the two belts that convey coal into the top 
of the storage bunkers for each of the ten coal mills. The residence time is 
approximately four hours in these bunkers, and coal sampling was started before flue gas 
sampling to account for this lag time. Coal samples were collected from the belts in 
preference to using the plant daily composite, which might have included coal being fed 
to the other unit, and which would have included long periods of operation during which 
flue gas samples were not collected. 

The measured flow rates of flue gas and coal agree with a combustion calculation that 
uses the mean coal composition, the mean coal flow rate, and the mean oxygen concen- 
tration in the ESP outlet gas to predict a "theoretical" flue gas flow rate. This calculated 
flow rate agreed with the measured ESP outlet flow rate within 10 percent. In addition, 
the heat rate of the unit during the test period was calculated from the mean coal flow 
rate, the mean heating value of the coal, and the mean net electrical load. This heat 
rate, approximately 8,500 Btu/kw-hr, is in agreement with plant performance data- 

Analytical Quality Control Results 

Genedy,  the type of quality control information obtained pertains to measurement 
precision, accuracy (which included 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 measure 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 bom 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 esha ted  
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Table 4-2 

Types of Quality Control Samples 

QC A d v i e  

Recision 

Replicate samples collected over time d e r  
the same conditions 

Duplicate field samples collected 
simultaneously 

Duplicate analyses of a single sample 

Matrix- or media-spiked duplicates 

Laboratory control sample duplicates 

Sumgabspiked sample SeLS 
~ _ _  

~ 

Amnacv (Includiine Bias and Precision) 

Mahix-spiked samples 

Medii-spiked samples 

Sumgabspikd samples 

Laboratory conhol samples w.9 
Standard Reference Material 

Blank Effects 
Field Blank 

Trip Blank 

Merbcd Blank 

Reageat Blank 

PRELrh4INARY 

Total variability, including pro~ss or tenpod, 
sampling, and analyt~cal, but not bias. 

Sampling plus analytical variability at the actual sample 
conceatrations. 

Analytical variaaity at the actual sample 
concatdons. 

cwcatratim. 

Analytical variabiity in the absence of sample matrix 
effects. 

Analytical variabiity in the sample matrix but at an 
established cwcultratlon. - 

Sampling plus analytical variability at an established 

Analyte recovery in the sample matrix, indicating 
possible matrix interfermces and other effects. In a 
single sample, includes both random error (hpreckion) 

Same as matrix-spiked samples. Used where a matrix- 
spiked sample is not feasible, such as CCrtaiD stack 
samplingmethods. 

Analyte recovery in the sample matrix. to the exteat 
thatthesurrogatecompoundsare chemically similar to 
the compomds of interest. primarily usd a$ indicator 
of analytical efficacy. 

AIAyterecowy in theabsmce of actual sample matrix 
effects. Used BE an indicator of d y t i c a l  cwtml. 

AIAyte -very in a matrix similar to the actual 
samplg. 

and systematic error (bias). 

Total sampling plus d y t i c a l  blank effect, including 
sampling equipment and reagents, sample tmsport and 
storage, and analytical reagenb and equipment. 

Blank effects arising from sample tmsport and storage. 
TypicaUy used only for volatile organic compound 

Blank effects inhereat in analytical method, including 
reagents and equipment. 

Blank effects from reagents used. 

=JySes. 
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Data Evaluation 

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. The precision and accuracy 
objectives are not necessarily derived from analyses of the same types of samples being 
investigated. Although analytical precision and accuracy are relatively easy to quantify 
and control, sampling precision and accuracy are unique to each site and each sample 
matrix. Data that do not meet these objectives are not necessarily unacceptable. 
Rather, the intent is to document the precision and accuracy actually obtained, and the 
objectives serve as benchmarks for comparison. The effects of not meeting the objec- 
tives 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. The results of 
these analyses can be found in Appendix F. Table 44 presents a summary of precision 
and accuracy estimates. Almost all of the quality control results met the project 
objectives. 

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

A standard fly ash sample (NIST 1633a) was submitted blind as a performance 
evaluation sample. Cadmium recovery in this sample was only 5% when analyzed by 
GFAAS. This may indicate a low bias for cadmium in 5ue gas particulate samples. 

A standard coal sample (SARM 20) was also submitted as a performance evaluation 
sample. The recoveries of arsenic and selenium in this sample were low when 
analyzed by GFAAS (68% and SO%, respectively). Therefore, INAA (which showed 
good recovery of arsenic and selenium in a standard coal sample) was selected as the 
primary analytical technique for arsenic and selenium in the coal. 

Selenium showed virtually no spike recovery in impinger solutions analyzed by 
GFAAS. However, the spike level was too low compared to the native level in the 
sample, so the recovery value is not meaningful. 

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

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 
(RpD). 
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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 f?om the 
assumed or accepted true value. 

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

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~qualitative parameter expressing the confidence with which one data 

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 k n o m  

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 

- set can be compared with hother. Sampling data should be cmpsable  with other -_ 

PrecLsion. The precision of metals analyses was estimated for coal samples using 
duplicate samples, which include a component of sampling variability. The precision 
objectives were met for all of the metals analyzed by INAA. For the metals analyzed by 
ICP-AES, GFAAS, and C V M ,  six out of eight met the precision objective of 20% 
RPD. The exceptions were chromium (24% RPD) and arsenic (29% RPD), indicating 
that, for these substances, the field samples may show greater variability than expected. 

The precision of solid-phase metals analyses was estimated for ESP outlet particulate 
samples Using replicate runs, which include a component of process variability as well as 
sampling variability. For the metals analyzed by ICP-AES, six out of eight met the 
precision objective, with only beryllium and chromium (both 22% CV) slightly above the 
objective. Five out of seven metals analyzed by GFAAS and CVAAS met the precision 
objective; the exceptions were cadmium (61% CV) and selenium (24% CV). 
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The precision of the vapor phase metals analyses was estimated for the ESP outlet gas 
samples using matrix-spiked duplicates. All of the analyses by ICP-AES, GFAAS, and 
CVAAS met the precision objective of 20% RPD. 

Accuracy. The accuracy of the metals analyses was estimated for coal samples using 
standard reference coal samples. All of the metals analyzed by INAA in the reference 
sample were within the 75125% accuracy objective. For metals analyzed by ICP-AES, 
GFAAS, and CVAAS, four out of six results met the accuracy objective. Potential 
accuracy problems were identified for arsenic (68%) and selenium (50%) analysis using 
GFAAS. 

Matrix spikes were used to estimate the accuracy of metals analyses in ESP outlet vapor- 
phase samples. All eight of the metals analyzed by ICP-AES met the accuracy objective. 
For the metals analyzed by GFAAS and CVAAS, six out of seven results met the 
accuracy objective. Virtually no spike recovery was seen for selenium by GFAAS, but 
the spike levels were too low compared to the native levels in the samples, so the 
recovery data are not meaningful. 

The accuracy of metals analyses was estimated for flue gas particulate samples using 
standard reference material (NIST 1633a fly ash). The matrix of the standard is not 
identical to that of the samples, especially since flue gas particulate samples are digested 
along with the filters. However, no better estimates of accuracy are available for these 
samples. The results show that the recoveries of all the metals analyzed by ICF'-m, 
GFAAS, and CVAAS were within the 75125% accuracy objective. 

Blank Effects. None of the target metals were detected above reporting limits in the 
trip or field blank impinger solutions used in the multi-metals sampling trains. NO blank 
contamination problems were identified, thus no blank correction was applied to the 
vapor phase metals results. 

Although no manganese contamination was identified in the field blank impinger 
solutions from Site 19, there is other evidence that the vapor phase manganese concen- 
trations measured in this study may be artifacts of contamination. Most of the manga- 
nese was found in the second H N Q / & q  impinger of the multi-metals lrain (rather 
than the first, as might be expected for a vapor-phase metal). Because the second 
HNQ/yQ impinger is followed by impingers containing KMnO,, manganese found in 
the HNQ/IE,Q impinger may be due to back-mixing in the trains during sampling. 
Field blank results from another FCEM site (Site 18) have identified this potential 
problem; therefore, the vapor-phase manganese concentrations measured in this study 
are not considered valid. 

Field blank filters and probe/nozzle rinses were analyzed for metals to determine 
possible contamination in the solid phase fraction of the ESP outlet gas samples. Of the 
target metals, only chromium was detected above the reporting limits, but the chromium 
level in the field blank is less than five times the reporting limit. The levels of target 
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metals in the field blank are not significant compared to the levels of these same metals 
in the actual samples; therefore, no blank correction was applied. 

Anions 

Precision. The precision of anions analyses of coal samples was estimated using matrix- 
spiked duplicates. The precision estimates for both chloride and fluoride met the 
objective of 20% RPD. The precision of anions analyses of ESP outlet gas samples was 
also estimated using matrix-spiked duplicates, and both chloride and fluoride analyses 
met the 20% precision objectives. 

Accuracy. Matrix spikes were used to estimate the accuracy of anions analyses of coal 
samples. Both chloride and fluoride accuracy met the 80-120% objective. Matrix spikes 
were also used to estimate the accuracy of anions analyses of the ESP outlet gas samples, 
and both chloride and fluoride results met the 80-120% accuracy objective. 

Blank Effects. Field blank and trip blank impinger solutions were analyzed for chloride 
and fluoride. Fluoride concentrations were below reporting limits in all blanks. Very 
low levels-of-chloride (less than rwice the reporting limit) were found in the field blank 
&Q and N%CO,/NaHCQ/qQ impingen used in the anions sampling train. 
However, these concentrations were insignifknt when compared to actual sample 
concentrations. There appear to be no blank contamination problems for anions. 

Comparison of Inlet and Outlet Mass Rates 

Because only samples of the coal and ESP outlet flue gas were collected at Site 19, 
material balances around the plant could not be performed. However, it is useful to 
compare the measured emission rates of the target substances with the m a s  rates of 
those substances entering the system with the coal. Table 4-5 shows this comparison. 
For substances that vaporize almost completely within the boiler and that are not 
expected to condense to a significant degree (such as chloride, fluoride, and mercury), 
the mass rates of substances in the coal and ESP outlet gas should be comparable, and 
for the Site 19 data, they are. A high percentage of the inlet selenium is also emitted, 
owing to its predominance in the vapor phase. For species primarily concentrated in the 
particulate phase, and which are effectively removed by the ESP, the percent of the inlet 
mass emitted should approach the percentage of total ash emitted. Arsenic, chromium, 
copper, manganese, and nickel show this type of behavior. 

Table 4-5 also shows the estimated ESP efficiencies for removing the target species. 
Because no measurements were made on the ESP inlet gas, the mass rates of substances 
entering the ESP were assumed to be equal to the mass rates of the substances in the 
coal for chloride, fluoride, mercury, and selenium. For the other (less volatile) elements 
and total ash, 80% of the mass rate in the coal was assumed for the ESP inlet mass rate. 
This is consistent with an 8020 fly ash-to-bottom ash ratio, which is typical for this type 
of boiler. 
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Table 4-5 

Percent Emitted and Estimated Removal 
Efficiency for Target Substances 

Percent Emitted 

Substance 

Ash 

Arsenic 

Cadmium 
Chloride 
Chromium 

Copper 
Fluoride 
Manganese 
Mercury 
Nickel 
Selenium 

(OutlIn, %) 

0.54 

1.9 

NC 
140 

1.2 

0.96 

86 

l . O d  

81 

0.89 

88 

95% CU%) 
0.18 

1.0 
_- 

87 

0.39 

0.32 

62 

0.69 
15 

0.44 
120 

Estimated ESP Removal 
Efficiency (%) ' 

99.3 
98 

NC 
0' 

98.5 

98.8 

14 

98.8 

19 

98.9 

12 

'No measuremmts were made on the ESP inlet gas. Instead, the ESP inlet flow rates were estimated from the 
coal meawements. It was assumed that for total ash and the less volatile elements (all except Cl, F, Hg, and 
Se), 80% of the m a s  rate in the coal partitiomtothe ESP inlet gas. For U, F, Hg, and Se, theESP inlet rate 
was assumed to be 100% of the mass rate in the coal. 

bNot calculated because substance was below reporting limits in the coal. 

'calculated conml efficiency was negative buc is shown as zero. 

9 o e s  not include vapor-phase manganese results, which are suspefted to be contambted. 

CI = Coafidence interval. 
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Section 5 

EXAMPLE CALCULATIONS 

This section presents the methodology and sample calculatiom used to develop the 
results discussed in Section 3. Specifically, the calculation of stream flow rates, emission 
factors, mean values, and confidence intervals are presented. 

Stream Flow Rates 

Appendix D contains information about the stream flow rates measured at Site 19 during 
the sampling period. Coal feed rates were determined directly from plant meters, and 
values at two-minute intervals were obtained from the plant’s computerized data 
acquisition system. The flow rates in the ESP outlet ducts were measured directly during 

Means and Confidence Intervals for Stream Concentrations 

The mean concentration and 95% confidence interval (0 about the mean were 
calculated for each target substance in the coal and ESP outlet gas. The means were 
calculated according to the conventions listed in Section 3. Equations used to caldate  
95% confidence intervals are presented in Appendix E. Example calculations are 
presented here for arsenic in the ESP outlet gas; these results were shown in Table 3-2. 

The concentration data (in pg/Nm ’) given for arsenic, as shown in Table 3-2, are: 

sampling. 

Solid Phase 
Vapor Phase 

Total 

-2 -3 - Rnn 4 

8.6 95 7.1 
NR(0.98) NR(l.l) NR(0.99) 

8.6 95 7.1 

The mean is calculated from the individual run totals: 

Mean = (8.6 + 9 5  + 7.1)/3 

= 8.4 

The sample standard deviation of the individual run totals is calculated: 
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S, = / [(8~5-8.4)~ + (958.4)' + (7.1-8.4)~] /2 

= 1.21 

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

= 1.2l/J; 

0.699 - - 

The bias error is found by root-sum-squaring the product of the bias error and the 

listed in Section 3, no bias error is assigned to values above repor@ limits, whereas a 
bias error of one-half the reporting limit is assigned to values below reporhg limits. 
The sensitivity of the mean to each run in this case is 1/3. 

. -  - - sem&ivity &om each= (see-@u@on 2 in Appendix E). According to the conventions 

g, = \I (1/3 x 0)' + (1/3 x 0)' + (1/3 x O)* 

= o  

The total uncertainty in the result is found from Equation 1 in Appendix E 

= d @  + (43 x 0.699)2 

= 3.0 
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Example Calculations 

Thus, the result is reported as 8.4 f 3.0 pg/Nm '. 
Unit Energy Emission Factors 

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

of the coal. 

As an example, the caldation of the emission factor for arsenic is presented. The mean 
coal flow rate is 694,000 lb/hr on a dry basis. The mean HHV of the coal is 13,467 
Btu/lb on a dry basis. Multiplying the coal flow rate by the HHV gives a mean heat 
input of 9 3  x 10 Btu/hr. The mean arsenic mass flow through the stack (the product 
of the mean concentration, 8.4 pg/Nm ', and the mean gas flow rate, 4,000,000 Nm '/h) 
is 3.4 x 10 ' pg/hr or 0.074 lb/hr. When the mean mass flow rate is divided by the mean 
heat input, an emission factor of 7.9 lb/10 

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

Btu is obtained, as presented in Table 3-3. 
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BtU 
CAAA 
CVAAS 
DGA 
DQO 
dscfm 
ESP 
FCEM 
GFAAS 
"v 
IC 
ICP-AES 
ID 
INAA 
ISE 
MDL 
MS/MSD 
Mw 
NBS 
NC 
Nm 
NR 
PAH 
POM 
QA/QC 
RPD 
RSD 
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British Thermal Unit 
Clean Air Act Amendments 
Cold Vapor Atomic Absorption Spectrophotometry 
Double Gold Amalgamation 
Data Qualkty Objective 
Dry Standard Cubic Feet per Minute (1 atm, 68°F) 
Electrostatic Precipitator 
Field Chemical Emissions Monitoring 
Graphite Furnace Atomic Absorption Spectrophotometry 
Higher Heating Value 
Ion Chromatography 
Inductively Coupled Plasma Atomic Emission Spectroscopy 
Induced Draft 
Instrumental Neutron Activation Analysis 
Ion Selective Electrode 
Method Detection Limit 
Matrix Spike/Matrix Spike Duplicate 
Megawatt 
National Bureau of Standards 
Not Calculated 
Dry Normal Cubic Meter (OT, 1 am) 
Not Reported (below reporting limit) 
Polynuclear Aromatic Hydrocarbons 
Polycyclic Organic Matter 
Quality Assurance/Quality Control 
Relative Percent Difference 
Relative Standard Deviation 
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Appendix A 

Detailed Sample Collection/Preparation/Analysis Tables 
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This appendix presents the methods used to collect and analyze each type of sample. 
Summary tables showing collection times and important observations for each of the 
sampla are also induded. 

Multi-Metals Sampling Trains 

Multi-metals samples were collected according to the procedure described in Section 3.1 
of 40 CFR, Part 266, Appendix IX, with modifications as noted here. This method 

provides for the collection of a flue gas sample at isokinetic conditions while travershg 

the duct according to EPA Method 1. Particulate matter is collected on a mter (which is 
also used to determine particulate loading) and the vapor phase species are absorbed in 
an impinger train consisting oE 

Two &pingers containing 5% HNOJlO% YQ, which are analyzed for all metals of 
interest; and 

Two impingers containing 4% KMn04/10% €&SO4, which are analyzed for mercury 
only. 

The multi-metals method @es that HNQ/YQ 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 Ioss of volatile metals. Filters were digested and combined 
with the digested probe and nozzle rinses prior to analysis. 

The multi-metals method specifies that particulate matter be collected according to the 
extractive Method 5. However, space limitations at the ESP outlet prevented the use of 
a Method 5 probe. Instead, particulate matter was collected with an in situ Method 17 
filter at the ESP outlet. A Teflon'@ transfer line connected the filter holder to the 

impinger train. 
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One train was used to collect a composite sample from the A and B ducts (Le., the ducts 

were sampled sequentially with the same train). A second train was used to collect a 
composite sample from the C and D ducts. This allowed determination of separate 
particulate loadings in each pair of ducts. The corresponding M o n s  from each 

sampling train were combined before analysis. 

.. 

After sampling, the glass nozzle was rinsed first with acetone, then with dilute nitric acid 

according to the multi-metals method. The Teflon@ transfer line was rinsed with dilute 

nitric acid, and this rinse was added to the contents of the ht impinger. 

Anions Sampling Trains 

Anions s w l e s  were_collected_using a __ - Radian procedure .._ designed for - collection of HCl, 
HF, and SQ. Partidate matter is captured on a filter and the acid gases are absorbed 
in an impinger train consisting of: 

- - 

Two impingem containing 10% QQ; and 

Two impingem containing 25% N%C0.,/2.5% N a H q / 3 %  KQ. 

An in-situ Method 17 filter was used to collect anions samples at the ESP outlet- A 
Teflon@ transfer line connected the filter holder to the impinger train. One train was 
used to collect a composite sample from the A and B ducts during each rue A second 
train was used to collect a composite sample born the C and D ducts. Single points of 
average velocity were sampled in each duct 

After sampling, the glass nozzle from each train was rinsed with a N + C Q / N a H q  
buffer solution. The Teflon@ transfer line was rinsed with a dilute yq, and this rinse 

w a ~  added to the contents of the first impinger. 

A 4  
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The corresponding hctions from each train were combined before analysis. Filters were 
leached with the nozzle rinse solutions, and these solutions were analyzed for chloride, 
fluoride, and sulfate to determine particulate phase concentrations. Vapor phase 
concentrations were determined from analysis of the hphger  solutions. 

Coal Sample Collection 

Coal samples were collected from the two belts which convey coal into the top of the 

storage bunkers for each of the ten mills. A single grab sample consisted of two scoops 
(approximately one pound per scoop) from each of the two belts. This procedure was 

repeated at periodic intervals during the test run, and the grab samples were combined 
to obtain a representative composite for each run. 

Detailed Sample Collection/Preparation/Analysis Tables 

Table A-1 lists the techniques used to collect, preserve, and handle the samples at Site 

19. Analytical methods applied to coal samples are listed in Table A-2. Analytical 
methods for all other samples are listed in Table A-3. 

Sample Collection Times 

Table A4 provides a summary of the flue gas samples collected during each day of 
testing. the time periods during which the samples were collected, and comments related 
to the samples. Table A-5 shows similar information regardhg the collection of coal 

samples. 
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Table A-2 

Preparation Procedures and Chemical Analysis Methods 
Applied to Coal at Site 19 

Component 
Ultimate Analvsis of Coal 

Ash 
Carbon 
Hydrogen 
Nitrogen 
Sulfur 
Heating Value 

Moisture 
Ash 
Volatiles 
Fixed Carbon 

Prolrimate Analvsis of Coal 

Target Elements bv INAA 
Preparation 
Analysis by rNAA 

Arsenic 
cadmium 
C h r O m i U m  
Chlorine 
Copper 
Manganese 
Mercury 
Nickel 
Selenium 

Chlorine and Fluorine Analvsis in Coal 
Preparation 
Oxygen Bomb Digestion 

Analysis by Potentiometric Titration 
Chloride 

Analysis by Ion Selective Electrode 
Fluoride 

cd.cr.Cu.MIl. Ni in Coal 
Preparation 

Ashing at 500" C/Acid Digestion 

A-7 
PRELIMINARY 

Method Reference 

ASTM D3174 
ASTM D3178 
ASTM D3178 
ASTM D3179 
ASTM D4239 
ASTM D2015 

ASTM D3173 
ASTM D3174 
ASTM D3175 
Calculated 

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 

ASTM D2361/ASTM D3761 

SM 407C 

ASTM D3761 

EPA 340.2 
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Table A-2 (Continued) 

Component 
Adysis  by ICP-AES 
chromium 
copper 
Manganese 
Nickel 

Analysis by GFAAS 
cadmium 

Arsenic and Selenium in Coal 
Preparation 

Oxygen Bomb Combustion/Acid 
Digestion 

Arsenic 
Selenium- - - - - -  - 

Analysis by GFAAS 

- _ _  __ - 

Mercurv Analvsis in Coal 
Preparation 
Double Gold Amalgamation 
Analysis by CVAAS 

Mercury 

Preparation 
Analysis by INAA 

Aluminum 
Antimony 
calcium 
Cobalt 
Iron 

Potassium 
sodium 
Titanium 
zinc 

es in Coal 

Magnesium 

Method Re€enxwe 

SW 6010 
SW 6010 
SW 6010 
SW 6010 

SW 7l31 I 

ASTM D3684 I 

Karr, Chapter 14 I 
Karr, Chapter 14 

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, C Jr., (ed)., "AnalyticaI Methods for Coal and Coal F'roducts' 
SW is EPA SW-846, Test Methods for Evaluating Solid Waste'. 
SM is Standard Methods for the Jknunah . 'on of Water and Wastewater," 16th Edition. 
ASTM is the Americau Society for Testing and Materials. 
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x x x x x x  

x x x x x x x  

x x x x x  

X 

X 

x x x x x x  x x  

N 
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Table A 5  

Site 19 Coal Sample Collection Times 

Sample Dates Collection Time(s) Comments 

Tuesday, 3/10/92 0730, 0830, 0945, 
1100 

Wednesday, 3/11/92 0700,0815, 1030, The Unit 1 coal feed belts 
were off-line for repair be- 
tween 0830 and 1030, which 
prevented sampling during 
this time. 

1130 

Thursday, 3/12L92- -~-0700,.@15, 1000, A duplicate coal sample was 
1100 also 6UectedOnthis day at 

the same sampling times. 

Friday, 3/13/92 0700,0815,0930, 
1100 
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Data Used in Calculations 
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Appendix B 
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Key to Data Rags 

FIag Description 

@ 
E 

NA Not analyzed. 
R 

s 
< 

concentration is less than five times the reporting limit 
Estimated analyte result greater than calibration range. 

Reported in blank, corrected in sample result. 

Result obtained by using Method of Standard Additions. 

Less than the reporting limit. 

P R E L " A R Y  
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Methods Key 

Method Code 

ASGSSAOO 

ASGSWAOO 
ASTM D3172 
ASTM D3176 
CDGSSAOO 
CDGSWAOO 
CLARSAOO 

CLIEWNOO 

CRGSS A00 

CRGSWNOO 

DGNCVAA 
~- 

F-SESAOO 
F-SEWAOO 

GFAA 

HGCSWNOO 

HGC-SNOO 

ICP 

INAA 

JASSSAXX 

JASSWAHS 

NIGESAOO 

NIGEWAOO 

SBGSSAOO 

SBGSWAOO 

SEGSS A00 

SEGSWAOO 

SFIEWNOO 

PRELIMINARY 

Method Descriotion 

Graphite Furnace Atomic Absorption Spectrophotometry 

Graphite Furnace Atomic Absorption Spectrophotometry 

proximate Analysis 

ultimate Analysis 

Graphite Furnace Atomic Absorption Spectrophotometry 

Graphite Furnace Atomic Absorption Spectrophotometry 

Potentiometric Titration 

Ion Chromatography 

Graphite Furnace Atomic Absorption Spectrophotometry 

Graphite Furnace Atomic Absorption Spectrophotometry 

Double Gold-Amal-&mtion/Cold Vapor Atomic Absorption 
Spectrophotometry 
Ion Selective Electrode 
Ion Selective Electrode 

Graphite Furnace Atomic Absorption Spectrophotometry 

Cold Vapor Atomic Absorption Spectrophotometry 

Cold Vapor Atomic Absorption Spectrophotometry 

Inductively Coupled Plasma Atomic Emission Spectroscopy 

Neutron Activation Analysis 

Inductively Coupled Plasma Atomic Emission Spectroscopy 

Inductively Coupled Plasma Atomic Emission Spectroscopy 

Graphite Furnace Atomic Absorption Spectrophotometry 

Graphite Furnace Atomic Absorption Spectrophotometry 

Graphite Furnace Atomic Absorption Spectrophotometry 

Graphite Furnace Atomic Absorption Spectrophotometry 
Graphite Furnace Atomic Absorption Spectrophotometry 

Graphite Furnace Atomic Absorption Spectrophotometry 

Ion Chromatography 
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Data Not Used in Calculations 
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Flue Gas Sampling Data 
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Uncertainty Analysis 
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Appendix E 

An error propagation analysis was performed on calculated results to determine the 
contriiution of process, sampling, and analytical variability, and measurement bias, to the 
overall uncertainty in the result This uncertainty was determined by propagathg the 
bias and precision error of individual parameters through 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 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; 
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 uncertainty; 

Bias component of result uncertainty; 
Student Y factor (two-tailed distribution 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, = /- 

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

B, = p i  * ss)” 
J j  i=l 

i=l 
(3) 

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

.. 
method ~- 

Or using a pertubation method (useful in computer appfications): 

fli + APJ - I(PJ e. = 
I APi 

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

E4 
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V. l = Ni-1 

l 

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

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 dBicult to quantify. The following conventions were used for this 
report 

Assignment of the flow rate bias values is based on engineering judgment. No bias is 

assigned to the anal*& results (above the reporting limit) or gas flow rate since a good 
estimate for magnitude of these terms is &own. These bias terms may be very large 

(relative to the mean values of the parameters) and may represent a large amount of 
unaccounted uncertaiuty in each result. Analytical bias near the instrument detection 
limit may be especially large. The uncertainty values calculated for this report are, 

therefore, subject to these limitations. 

E-5 
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The calculations assume that the population dism3ution 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 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. 

Improvements in bias estimates will 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 will improve, resulting in the 
true bias of the analytical results being closer to the zero bias now assigned. AccoUnting 

for long-term systemxuiability wil l  requirrepeated sampling ~ trips to the same ~ location. _ _  

E 4  
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Quality Assurance/Quality Control Data 
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Appendb: F 
.-  

This appendix presents the detailed QA/QC results for the coal and flue gas sample~. 

Table F-1 shows the results of blank analyses. 

Table F-2 shows the analytical results for laboratory check samples (LCS). 

Table F-3 shows the results for spiked and duplicate spiked samples. 

Table F-4 shows the results kom the analysis of duplicate coal samples. 

Table F-5 shows the analytical results for performance audit samples. 
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Table F-1 

Summary of Blank Sample Results for site 19 

No. of 
Bknk 

Analaed 

1 
1 
1 
1 
I 
1 

1 
1 
1 
1 
1 
.1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 

No. of 
E&!S 

0 
0 
1 
1 
0 
1 
1 
1 
0 
1 
1 
0 
0 
1 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 

~ 

0 

0 
1 

F-4 

Range of 
Comwtmds Deteded 

0.0146 mgL 
0.00015 mgL 

0.00184 mgL 
0.00011 mgL 
0.0348 mgL 

0.0017 mgL 
0.00266 mgL 

0.013 mg5 

0.00142 m g 5  
0.0418 mgL 

0.0607 mgL 
0.00111 mgL 
0.127 m g 5  

0.0308 mgL 

0.00057 mgL 

0.0031 m g L  

0.0254 mgL 

o.oO06 mg5 

0.00013 mgL 

Reportins - Limits 

0.2 m g 5  
0.1 mgL 
0.3 mg5 

0.01 m g 5  
0.002 m g 5  

0.6 mgn 

0.005 m g 5  
1 mgL 

0.01 m g 5  
0.01 m g 5  
0.02 m g 5  
0.05 m g 5  
0.05 mg5 

lmgn 
0.01 mgn 
0.05 mg5 
0.02 m g 5  

3 mga 

1 6  
0.01 mgiL 

0.003 mg5 
0.1 m g h  
0.05 mg5 
0.02 mgiL 

0.02 m g L  

~ - 

0.3 mgiL 

1 mgn 

0.004 m g h  
0.007 mglL 
0.001 m g L  
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Table F-1 (Continued) 

Parameter 
c6romium 
Mercury 
Nickel 
seleaiium 

- @ f W B a  
Anions 

Chloride (EPA 300) 
Chloride (SM 4500) 
Fluoride (EPA 340.2) 
Sulfate @PA 300) 

Trip B W -  Reagent Water 
ICP-AES Metals 

Aluminum 
Antimony 
ArsepiC 

Barium 
&ryllium 
Boron 
cadmium 
calcium 
Qomium 

Cobalt 

coppg 
Iron 
Lead 
Magnesium 

MaDgamse 
MolyMmum 
Nickel 
Potassium 
selealium 
Silicon 

silver 

sodium 
Strontilrm 
Thallium 

No. of 
Blank No. of 

&!&dDeteetS 
1 
4 
1 
1 

2 
1 
6 
1 

4 
4 
4 
4 
4 
4 
4 
4 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

1 
4 
0 
1 

0 
0 

4 
0 

1 
3 
0 
3 
4 
2 
1 
1 
0 
1 
1 
0 
0 
1 
4 
0 
4 
1 
3 
4 
0 
2 
0 

0 

F-5 

Range of 
Comwunds Detgted 

0.0015 mglL 
0.0184.284 p g 5  

0.0037 mglL 

0.01614.298 m g L  

0.0029 mg5 
0.00404-0.0248 m g 5  

0.00015-0.00061 m g 5  
0.0002-0.00032 mg/L 
0.~4.0046 m g 5  

0.00049 mg5 

0.060 mg5 

0.00048 m g 5  

0.00057 mg5 

0.00627 mg5 

0.000184.00056 m g L  

0.001944.0115 mg5 

0.125 m g 5  
0.007484.0132 m g 5  
0.04554.0808 mg5 

0.007494.0116 m g 5  

RePo- 
g&& 

0.003 m g 5  
0.18 p g 5  

0.003 m g 5  
0.005 m g 5  

0.026 mgL 

0.1 mgL 
0.05 mg5 

0.2 m g 5  

0.1 m g 5  
0.3 mg5 
0.01 m g 5  

0.002 mglL 
0.6 mgL 

0.005 mg5 

1 mgL 
0.01 m g 5  

0.01 mgn 
0.02 mgiL 
0.05 mgn. 
0.05 mgn 

1 6  
0.01 mg5 
0.05 mgn 

0.02 mg5 

3 m g 5  
0.3 mgn 

lmg5 
0.01 m g 5  

1 mgn 
0.003 mg5 
0.1 m g 5  



Table F1 (Continued) 

wrameter 
Titanium 
Vanadium 
zinc 

Trip Blanks - m t  Water 
Allions 
chloride 
F l U o r i d e  
sulfate 

Trip Blanks - I & q / H N Q  
Impinger solutions 
ICP-AES Metals 

Aluminum 
-~ -Antimony - - 

ArseoiC 

Barium 
Beryliium 
Bomn 
cadmium 
calcium 
chromium 
Cobalt 

copper 
Iron 
Lead 
Magnesium 
Ma%=== 
Molybdmum 
Nickel 
Potaaium 
Selmium 
SieOn 

silver 
sodium 
Strontium 
Thallium 
Titaoium 

No. of 
Blank 

Analeqed 
4 
4 
4 

4 

4 
4 

4 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

No. of 
Detects 
3 
0 
4 

0 

4 
0 

1 
0 -  
1 
1 
1 
1 
0 
1 
1 
1 
1 
1 
1 
1 
1 
0 
0 
0 
0 

1 
1 

1 

1 
0 

1 

F-6 

Rawe of 

0.000174.00035 mg/L 

0.001394.00331 mg/L 

0.02484.0277 mg/L 

0.0328 mgL 

O.OOO92 mgL 
0.00092 mgL 
0.00005 mgL 
0.009u mgL 

~ 
-. 

0.157 mgL 

0.00072 mgL 
0.00312 mgL 
0.0367 m g L  
0.03 mgn 

0 . m  mgn 

o.Ooo34 mg/L 
0.00868 mgn 

0.15 mgL 
0.00112 mglL 
0.523 mgL 

0.00045 mgL 

0.00260 mgK 

RePo* 
0.05 mgn 
0.02 mgL 
0.02 mgn 

0.026 mgL 
0.1 mgn 

0.2 mgn 
0.1 mgL 
0.3 mgL 
0.01 mgn 
0.m mgn 

0.005 mgn 

1 mgn 
0.01 mgn 

0.02 mgn 
0.05 mgn 
0.05 mg/L 

1 mpn 
0.01 mgn 
0.0s mgn 
0.02 mgn 

3 mgR. 

l m s n  
0.01 mgn 

1 mgn 

0.1 mgn 

0.6 mgL 

0.01 

0.3 m g L  

0.003 mgL 

0.05 mgL 
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Table F-1 (Continued) 

No. of 
ReportiDg 

Limits AnalaedP!&& Deteded - Blank No. of Rangeof 

1 1 0.00149 m g 5  0.02 mgL 
1 1 0.0228mg5 0.02mgL 

1 1 
1 0 
1 1 
1 1 
1 1 
1 0 

1 0 

1 1 

1 0 
1 1 

1 0 

1 1 
1 0 

2 2 
2 1 
2 2 
2 2 
2 1 
2 2 
2 2 
2 2 
2 2 

O.Ooolmg5 0.004mgn 
0.007 mgn 

o.OoO22mg5 0.00lmgL 
0.W24mgL 0.003mg5 

0.130 p g 5  0.18 p g L  

0.003 q5 
0.005 m g L  

0.0240 p g 5  0.18 fig5 

lmgn 
0.0326 m p 5  0.1 m g 5  

1 m g 5  
0.0363 mgL 0.1 m g 5  

0.05 m g L  

0.02S5-0.0391 m g 5  

0.00667 m g 5  
0.00608-0.0131 m g 5  

0.00077-0.00169 m g 5  

0.0175-0.0359 m g L  

0.00006-0.00047 m g 5  

0.0178-0.0364 m g 5  

O.oM9po.00474 m g 5  

0.0001 m g 5  

0.2 m g 5  
0.1 lug5 
0.3 mg5 

0.01 m g 5  
0.002 mg5 

0.6 m g 5  
0.005 m g 5  

lmgn 
0.01 m g 5  
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Cobalt 

copper 
Iron 
Lead 
Magnesium 
Mangdnese 
MolyMenmn 
Nickel 
Potnsilrm 
selenium 
Silicon 
silver 
sodium 
StmntimJl 
Thallium 
Tibmium 
VenadiUUl 
ZiDC 

Field Blanks -ESP Outlet Gas - 
G F W  and CVAAS Metas 
b-03 w m  sohlti- 

h3mic 

-Y 

chromilmr 
MeraPy 
Nickel 
sclmilnn 

Field Blanks - ESP Outlet Gas - 
H$o,/KMUo, Impinger solnlions 

Mercury 
Field Blanks - ESP Outla Gas - 
Ha Rinses 

Macury 

No. of 
BlaaL 

A&Zd 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 

2 

2 

No. of 
&&& 
2 
2 
2 
2 
2 
2 
0 
0 
1 
0 
2 
1 
2 
0 
1 
2 
1 
2 

0 
0 
2 
2 
2 
1 
2 

2 

2 

Ranse of 
CommrmdSDcteded 
0.000240.0017 m g L  
0.00205-0.00307 m g L  

0.0155-0.0213 m g L  

0.00329-0.0211 m g L  

0.0186-0.025 m g L  

0.00584.0.00697 m g L  

0.684 m g L  

0.107-0.195 mgL 
0.00155 m g L  

0.0277-0.134 m g L  

0.01% mgn 

0.00310 m g 5  
0.00121-0.00138 m g L  

0.00567-0.00752 

0.~-0.o0071 m g L  
0.m1-0.0022 m g L  

0 . 1 ~ . 4 0 2  rcgL 
0.0049 m g 5  

0.0005-0.0039 m g 5  

0.062-0.13 p g L  

0.0946.096 p g 5  

- 
Limits 

0.01 mgn 
0.02 mgL 
0.05 mg5 
0.05 m g 5  

lmg5 
0.01 m g 5  
0.05 m g 5  
0.02 mg5 

3 m g 5  

lmg5 
0.01 mgn 
--1 mg5 

0.1 mg5 
0.05 mg5 
0.02 mg5 
0.02 m g 5  

0.3 m g L  

0.003 m g 5  

0.004 mgiL 
0.007 mgn 
0.001 mg5 
0.003 m g 5  
0.18 p g 5  

0.003 mglL 
0.005 mg5 

0.18 p g 5  
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Table F-1 (Continued) 

wramete 
Field Blanks - ESP Outlet Gas - 
&% Impinser solutions 
Anions 
QLoride @PA 300) 
Fluoride (EPA 340.2) 

Field Blanks - ESP outlet Gas - 
N%c4/"C03&4 
Anians 
chloride (EPA 300) 
Fluoride (EPA 340.2) 
Sulfate @PA 300) 

Field Blank -ESP Outlet Gas - 
Probe and Node Rinse Plus 
Filter 
1'3-AES Metpls 

Alumium 
AntimODy 
ArseaiC 

Barium 

Bayltmm 

calcium 

cobalt 

copper 
Iron 
Lead 
w m  
Mmgaoese 
Molybdemm 
NicM 
Potassium 
SekalimlI 
SiliCOll 
sivel 
sodinm 
Strontium 

No. of 
Blank No.of 

AM!x?sd- 

2 
2 

2 
2 
2 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 
1 
1 

1 
2 

1 
2 
2 

1 
0 
0 
1 
1 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 
0 

1 
0 

1 
1 

F-9 

1.95 mgL 
0.03134.0336 mgfL 

0.0987-1.14 mg/L 
o . m . o 6 n  mgn. 

4.02-11.8 w/L 

213 pg 

11.7 pg 

0.032 JLg 

0.184 pg 

259 f% 
1.94 pg 

0.326 
0.849 pg 

1.32 pg 

0.303 pg 

17.3 pg 

97-4 Irg 

4.84 pg 
0.444 pg 

73.7 $g 

57300 pg 

762 *g 
0.553 pg 

PRELIMINARY DO NOT CITE OR QUOTE 
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Table F-1 (Continued) 

No. of 
Blank No. of Range of 

Parameter AnalaedDeteets 
lhallilrm 1 1 4.73 pg 

Titanium 1 1 1.93 pg 

V d U U  1 1 0.378 pg 

zinc 1 1 8.7 

Field BknL - ESP outler Gas - 
Robe aed N o d e  Rinse Plus 
Filter 
GFAAS and CVAAS M d s  

m C  

AUtiSlWy 
cadmium 
chromium 
Merapy 

selenium 
. Nickel 

1 1 0.37 pg 

1 1 0.07 pg 

1 0 

1 1 1-2 
- 1 1 0.017 pg 

1 1 0.31 pg 

1 1 0.041 pg 

F-10 
Do NOT CITE OR QUOTE 



Appendi F - .  .. 

Table F-2 

Summary of Laboratory Check Sample (LCS) Results for Site 19 

No. 
Exms&I 

Metals by ICP-AES - Water 

Aluminum 
Antimony 
AISUliC 

Barium 
Beryllium 
Boron 
cadmium 
Calcium 
chromium 
cobalt 

COPF- 
Imn 
Lead 
Magnesium 

-P- 
MolyMmum 
Nickel 
potasium 

selenium 

Silicon 

Silver 

sodium 
Srrontium 

lllauium 
Titanium 
VaDadium 
ZiDC 

PRELIMINARY 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

Mean 

97.35 
93.9 
94.2 
96.2 
95.6 
100.6 
94.4 
99.6 
95.5 
94.6 
95.3 
91 
97.6 
96.4 
94.8 
96.5 
95 
97.4 
99 
102 
93 
98.6 
%.4 
95 
96.4 
94. I 
94.75 

Mean RPDl 
Std. Dev. 

0.1 
1.06 
0.32 
0.52 
0.31 
8.85 
0.32 
0.9 
0.21 
0.32 
1.21 
0.52 
2.15 
1.04 
0.32 
0.62 
0.32 
1.23 
4 

1.96 

0.32 
0.32 
0.52 
253 
0.1 
0.64 
0.11 

No. 
Below 

0 
0 

0 
0 

0 

0 

0 
0 
0 

0 

0 

0 
0 
0 
0 

0 

0 
0 
0 
0 

0 

0 

0 
0 
0 
0 
0 

No. 
Above 

0 
0 
0 

0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

0 
0 

0 

0 
0 

0 

0 

0 
0 

0 

0 

-Qualits 
Objective for 

Recovery 

90-110% 
90-11016 
90-110% 
90-110% 
90-110% 
90-11046 
90-110% 

90-11095 
90-110% 
90-110% 
90-1108 
90-110% 
90-1108 
90-110% 
90.110% 
90-11055 
90-1108 
90-11056 
90-110% 
90410% 
%no% 
90.110% 
90-110s 
90-1108 
90.110% 
90410% 
90-110% 

F-11 
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Table F-2 (Continued) 

No. 
Parameter - of Lcs 

Metals by GFAAS aad 
CVAAS -Water 
Antimony 2 
AFsmiC 2 
cadmimn 2 
chromium 2 
M--Y 6 
SeleDiUm 2 

Anions - water 
chloride 8 

Fluoride 14 

- Anions - solids - 
ahloride 6 
Fluoride 7 

Metals by ICP-AES - NST 
1633a Fly Ash Standard 
Alllminum 6 
AntiWlY 2 
ArseaiC 2 
Baium 6 
&ryllmm 6 
C a l C i W  6 
chromium 6 
Cobalt 6 
copper 6 
h 6 
Lead 6 
-W 6 
~ g a n c s e  6 
Molybdemm 2 
Nickel 6 
Potassium 6 
SiiiCiUl 2 
siver 3 
sodium 6 

No. 
Mean MeanRPDl Below - % Ree Std. h. 

103 0 0 
93.3 0 
92.9 0.22 0 
103 1.9 0 
104 2.37 0 
101.5 0.98 0 

98.1 1.86 0 
98.8 5.96 0 

- 
95 3.4 0 

83 3.0 1 

85.0 4.76 
85.5 12.94 
114 14.14 
18.4 3.11 
97.5 4.54 
84.8 3.96 
98.6 8.52 
90.7 5.76 
98.6 7.78 
95.5 5.76 
75.9 39.52 
73.2 8.12 
87.2 3.08 
83.4 4.24 
95.8 12.63 
102 9.19 
85.4 1.48 
43 45.15 
93.5 5.9 

1 
2 
0 

4 
0 
0 
0 
0 
0 
0 
2 
5 
0 
0 
0 
0 
0 
2 
0 

No. 
Above - Limits 

0 
2 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 
0 

0 

0 

0 

Data Quality 
Objective for 

Recovery 

85-11596 
85-11546 
85-115% 
85-115% 
80-120% 
85-115% 

90-1108 
90-11096 

!%llO% 
90-110% 

80.120% 
80-120% 
80-1205% 
80120% 
80-12056 
80-120R 
80-12056 
80-120% 
80-120% 
80-12046 
80-ixm 
80-120% 

80120% 
80-12056 
80-12056 
80-12046 
80-120% 
80-12056 
80-1209b 

F- 12 
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Table F-2 (Continued) 

No. 
Parame - of J..€s 

Stnmtium 5 
Thallium 3 
Titanium 6 

V d U m  6 

zinc 6 

NIST 163% Fly Ash Standard 
GFAAS and CVAAS Metals - 

Antimony 8 
A I S a l i C  6 

cadmium 2 
cluomium 6 
Mercury 2 
Nickel 6 

SeleniUm 6 

Metals by IB-AES - ECH 

Aluminum 4 
Barium 4 
BerY- 4 
calcium 4 
chnmium 4 
cobalt 4 

Fly Ash standard 

copper 4 

irw 4 
Lead 4 
MagDesim 4 
M W W =  4 
Nickel 4 
Porasium 4 
sodium 4 
Strontium 4 
Titanium 4 
Vanadium 4 

zinc 4 

Mean 
g&& 
81.7 

92.7 

100.1 
96.93 
92.35 

99.3 

99.7 
92.7 

93.52 
94.8 
85.1 

91.1 

80.4 
91.9 
52.4 
81.4 
104.8 
98.4 
96.8 

96.5 
78.2 
61.4 
87.2 
101.9 
88.6 

94.2 
83.5 
96.2 
101.8 
93.8 

Mean RPD/ 
Sfd. Dev. 
5.08 
10.33 

5.26 
6.28 
4.42 

9.96 
3.9 
0.14 
11.7 
0.99 
3.11 
8.82 

5.18 

5.74 
0.44 
4.4 

11.65 

2.51 
1.52 
1.38 
51.5 
9.43 

2.67 
8.86 

3-02 
2.74 
6.08 

0.55 
3.72 
1.83 

No. No. 
Below Above - Limits Limits 
1 0 
0 0 
0 0 
0 0 

0 0 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

0 0 

1 0 

0 0 

4 0 
1 0 
0 1 
0 0 
0 0 
0 0 
1 1 
4 0 
0 0 
0 0 
0 0 
0 0 
1 0 
0 0 
0 0 
0 0 

Objective for 
R e f o v ~ q  
80-12046 

80-12046 

80-12046 
80-12046 
80-12046 

75-12546 
75-12546 
15-12546 
75-12546 
75-12546 
75-12546 
75-12546 

80-12046 
80-12046 
aim 
80-12046 
80-12046 

80-12046 

80-12046 
80-12046 
80-12046 

80-120% 
80-12046 
80-120% 
80-12046 

80-im% 
80-12046 

80-12096 
80-12046 
80-12046 

F-13 
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No. 
wramekr - of Lcs 

GFAAS M ~ s  - ECH 
Fly Ash standard 
-Y 6 

A B e a C  4 
cbxvmipm 4 
Nickel 6 

CVAAS Merals -ERA212 
MerauyStandard 

Merapy 5 

Table F-2 (Continued) 

No. No. DataQdity 
Mea0 MeanRPDl Below Above Objeciiyefor - % Rec S t d . h .  && Limits b v f q  

112 11.79 0 1 75-125% 
102.8 0.96 0 0 75-125% 
109.5 . 14.46 0 1 75-125% 
97.4 13.35 0 0 75-125% 

94.3 6.8 0 0 80-12Q% 

F-14 
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Table F-3 

Summary of Spiked Sample Results for Sie 19 

No. of Mean 

Impingffs 
Aluminum 
Antimony 
M C  

Barium 
Bql l ium 
Boron 
cadmium 
Calcium 
ammium 
Cobalt 

copper 
Iron 
Lead 
Magnesium 

MaDgan= 
Molybdenum 
Nickel 
POtaSSiUm 
SelQiUm 

SicOn 

silver 

sodium 

StlWItium 

Thailium 
Titauium 
Vanadium 
ZiDC 

2 

2 
2 

2 

2 
2 

2 
2 
2 

2 
2 
2 
2 

2 

2 
2 

2 
2 

2 
2 
2 

2 

2 
2 

2 

2 
2 

&&?& 

95.8 

93.8 
91.4 

96.6 
%.3 

154 
91.4 

98.2 
94.2 
93.8 
93.8 

96 
88 

94.2 

94.3 
95 

89.2 

95.3 

113 
105.5 

90.7 

98.2 

96.6 
91.8 

96.2 
93.2 

91.5 

F-15 
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1 

h h n  RPDl 
Std. Dev. 

0.31 
2.98 
0.87 

1.35 

1.25 

2.6 
1.2 

0.71 
1.38 

1.17 
1.28 
0.94 

0 

0.53 
1.27 
0.94 

0.74 

1.05 

1.77 
10.43 
1.32 

1.93 

1.34 
7.08 

1.24 
1.83 

0.66 

No. 
Below 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

0 
0 

0 

0 

0 
0 
0 
0 
0 
0 

0 

0 

No. 
Above - Limits 

0 

0 
0 
0 

0 

2 
0 

0 

0 

0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

DataQIIlllits 
Objedive 

for Remveq 

75125 46 
75-12546 
75-12596 

75125% 

75125% 
75-125% 

75125% 
75-125% 
75-12596 
75-12574 
75-125% 

75-125% 
75-12596 
75-1258 

75-125% 
75125% 

75125% 
75-12546 

75-12596 
75-12596 

75125% 
75-125% 

75-125% 

75-12546 
75-125% 

75-125 % 

75-12596 



Table F-3 (Continued) 

No.& Mean MpanRPDI Below Above 
No. No. 

Camwund m M  Std. Dev. && 

4 

2 

2 

2 

2 

2 

2 

2 

8 

~~ 8 

4 

3 
3 

87.8 

93.8 

95.4 

98.3 

92.9 

89.2 

0 .  

88.4 

93.9 

104.8 

98 

84 

14.15 

0.85 
9.6 

1.02 

1.94 

3.7 

NC 

11.59 

20.7 
8.95 

6.2 

1.3 

2 

2 

0 

0 

0 

0 

0 
0 

1 
0 

-Qualie 
Objective 

for Retovery 

75-1258 

75-1258 

75-1258 
75-125 8 
75-1258 

75-1258 

75-1258 

80-120% 

80-1208 
80-1208 

80-120s 
80-1208 

Wmimn was spiked at a concentration too low compared to the native level in the ample. 

F-16 
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Table F-4 

Summary of Duplicate Coal Sample Results - Site 19 

Parameter 
ultimatelproximate - Coal 
(percent, dry weight) 

Ash 
Fixed Carbon 
Heating Value (Btu/lb) 
Moisture 
volatiles 
carbon 
Hydrogen 
Nitrogen 
oxygen 
Sulfur 

Chloride 
Fluoride 

Anions - Coal (mg/kg) 

ICP-AES Metals - 
ocg/& 

Cadmium 
Chromium 
copper 
Manganese 

coal or&) 
Arsenic 
Selenium 
Mercury 

Nickel 
GFAAS a d  CVAAS Metals - 

INAA Metals - C d  (&g) 
Aluminum 
ht i l l lO l ly  
Arsenic 
Barium 
Bromine 
Cadmium 
Calcium 

PRELIMINARY 

No. of Pairs 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

1 
1 

1 
1 
1 
1 
1 

1 
1 
1 

1 
1 
1 
1 
1 
1 
1 

F-17 

- Mean 

9.3 
55 

13,465 
6 

35.8 
76.2 
4.9 
1.5 
7.2 
1 

836 
93.8 

0.4 
17 
17 
6 
13 

4.1 
2.9 
0.10 

14,475 
0.58 
5.4 
73 
11 
c2.8 
1,002 

m 

7.7 
0.22 
0.58 
6.5 
2.32 
0.91 
1.01 
0 
0.7 
2 

2 
7.5 

NC 
23.5 
11.7 
0 
15.4 

29.3 
20.7 
0 

0.36 
16 
6.8 
12 
4.5 
NC 
10 

DO NOT ClTE OR QUOTE 



- .  ~ p p e d b c  F 

Table F-4 (Continued) 

Pameter No. of Pairs Mean RPD 
Cerium 
Cesium 
Chlorine 
chromium 
cobalt 
copper 
Europium 
Hafnium 
Iodine 
Iron 
Lanthanum 
Lutetium 
Magnesium 
Manganese 
Mercury 
Molybdenum 
Neodymium 
Nickel 
Potassium 
Rubidium 
Samarium 
Scandium 
Selenium 
silver 
Sodium 
Strontium 
Tantalum 
Terbium 
Thorium 
Tin 
Titanium 
Tungsten 
Umnium 
Vanadium 
Ytterbium 
zinc 
Zirconium 

1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

F-18 

12.7 
0.66 
762 
16 
6.3 
< 33 
0.34 
0.73 
2.1 
3,864 
8.8 
0.054 
504 
6.3 

< 0.24 
2.2 
6.6 
< 22 

< 1281 
9.0 
1.6 
3.7 
4.2 

< 0.5 1 
166 
98 
0.20 
0.21 
2.7 
<3.9 
867 
<2.0 
1.3 
30 
0.81 
7.6 
< 32 

1.5 
19 
0.13 
7.3 
7.0 
NC 
8.9 
16 
2.9 
0.44 
11 
186 
1.2 
24 ~ 

NC 
140 
14 

NC 
NC 
21 
9.9 
7.5 
8.1 
NC 
18 
3.5 
7.1 
14 
9.3 
NC 
8.2 
NC 
6.9 
2.3 
12 
170 
NC 

PRELIMINARY DO NOT ClTE OR QUOTE 
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Table F-5 

Summary of Audt Sample Results - Site 19 

Parameter 
NIST 163% Coai - INAA 
M& 

Aluminum 

-Y 
A I - S e l i C  

Barium 
Bromine 
cadmium 
calcium 

cerium 
cesium 
Chlorine 

chromium 

Cobalt 

copper 
Europium 
na6lium 
Iodine 
Iron 
Lanthanum 
Lutetium 
Magnesium 

Manganese 
MacmY 
Mol ybdmum 
Neodymium 

Nickel 

Potasium 
Rubidium 
samarium 

PRELIMINARY 

ceraed value. 
Pgk 

7.590 

(5.1) 

383 
12.4 

6.10 
748 
5.05 

(0.87) 

F-19 

8,648 

0.2 
3.8 

69.1 
15.8 

NR(2.2) 
1091.7 

6.8 

0.5 

988.8 
10.4 
2.1 

NR(21.3) 
0.1 
0.4 

1 .o 
7093.1 

4.1 
0.1 

365.1 
10.9 

NR(0.2) 
NR(l.1) 

3.2 
NR(9.7) 
1042.0 

4.8 
0.7 

101.2 
(83.3) 
102.2 
1Ot.4 

(92.9) 
NC 

53.5 

05.6) 
(113.6) 

08.5) 
(945) 
91.7 
NC 

(58.8) 

(93.0) 

93.4 

(80.4) 

95.3 
87.9 

NC 

NC 

139.3 
95.0 

W.4) 

DO NOT CITE OR QUOTE 
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Table F-5 (Continued) 
certified ~- P g k  - pglp 

(1.9) 1.9 

1.29 1.4 
NR(0.4) 

515 457.6 

(102) 135.1 

0.1 
0.1 

1.342 1.3 
NR(4.1) 

454 426.3 

(0.48) NR(2.0) 
0.436 0.3 
(14) 14.3 

0.3 
11.89 5.8 

NR(24.4) 

0.25 

4.7 

(67) 
80 

25 
0.8 

F-20 
PRELIMINARY 

- 

0.25 

3.2 
65 
n 
25 
0.4 

13.9 
281 

0.134 
12.8 
<5 

1.11 
198 
47 

88.8 

(1324) 

96.9 

93.9 
NC 

(102.1) 

48.8 

100 
68 
97 
96 

100 
50 

97.2 

194 
89.3 
107 
NC 
100 
101 
102 
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Table F-5 (Continued) 
certified 

Val& pglg 

118 
9.4 
72.4 
0.455 
179 

(29) 
127 
1.88 
0.17 
830 
5.7 

(0.8) 
297 

220 

145 
1.00 

196 
0.16 
127 
6.8 
10.3 

9.1 
37.91 
52.99 

1.95 
72.68 

5.23 
1.52 

12,941 

121 
9.32 
110 

0.436 
173 
18.5 
125 
1.92 

0.171 
826 
56 

0.86 
309 
207 

120 

0.05 
179 
0.17 
115 
7.12 
11.7 

8.7 
37.89 
53.1 
1.78 

72.55 
4.76 

1.64 

12,810 

102 
99.1 
152 

95.8 
96.6 
63.8 
98.4 
102 
100 
99.5 
982 
108 

104 
94.1 

82.8 
5.0 

91.3 
106 

90.5 
105 
114 

95.6 
99.9 

100 
91.3 
99.8 
91 
108 
99 

?his fly ash standard was submitted as an audit sample. It is a diffemt analysis fmm the NIST 1633a fly ash 
results presmted in Table F-2, which were anslyzed as laboratory control samples. 

NC = Not able to dculate. 
*Results in parentheses are not certified. 
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Process Data Trend Plots 
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