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ElectricPoww 
Research Institute Leadership in Science and Technology 

October 15,1992 

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 MI. 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, 
S02, and NOx control technologies. EPRI is actively pursuing additional 
FCEM sampling programs, with at least 22 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 10. 
Site 10 consists of a fluidized bed boiler buming sub-bituminous coal and a 
fabric filter. The sampling protocol is to obtain three sets of measurements 
for chemical analysis of each process stream. However, for Site 10, only one 
set of samples was collected for each stream due to a forced unit outage. 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 additionai 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 
WA).  

The primary objective of this report is to transmit the preliminary results 
from Site 10 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 10 with the results from previous utility 

Headquarters: 3412 Hillview Avenue, Post Office Box 10412. Pal0 Alto. CA 94303. USA (415) 855-2000 *Telex: 82977 EPRI UF. Fax: (415) 855-2954 
Nineteenth Street. NW. Suite 1000. Washington, DC 20036. USA 202) 872-9222 * Fax: (202 296.5436 
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sites. Generic conclusions and recommendations were not drawn concerning 
the effectiveness of the fabric filter as a 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. 

A thorough evaluation of the results from Site 10 revealed that some 
sampling and analytical errors may have occurred. The data have been 
qualified to note potential sampling or analytical errors, and where 
significant biases or inconsistencies were substantiated, the data were 
discarded. The two most notable examples were the flue gas measurements 
of the volatile organic compounds (VOCs) and mercury. 

At Site 10, a teflon-lined probe, instead of the glass-lined probe specified in the 
EPA sampling protocol, was used to sample for the VOCs. EPRI later retested 
using the canister technique. This retest confirmed that the results from the 
teflon-lined probe were contaminated and were invalid, and thus excluded. 
Only the results using the canister technique are included in this site report. 

The Site 10 mercury measurements in flue gas are believed to be biased low 
due to incomplete recovery of mercury from the impinger solution prior to 
analysis. The mercury data are included in the report, even though the data 
are suspect, because they do provide an approximation for mercury 
emissions. The reader is strongly advised to exercise good scientific judgment 
in using the flue gas mercury concentrations in any further evaluations. 

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

Sincerely, 

Paul Chu 
Manager, Toxic Substances Control 
Environment Division 
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Section 1 

INTRODUCTION 

This report presents a summary of data gathered during a sampling program sponsored 
by the Electric Power Research Institute (EPRI). The data have been prepared in a 
manner suitable for use by the Environmental Protection Agency to study emissions from 
fossil-fuel-fired power plants as mandated by the Clean Air Act Amendments (CAAA) of 
1990. The plants studied during this project were chosen to reflect a cross section of the 
existing technologies for controlling air emissions. They were not chosen to represent 
"typical" fossil-fuel-fired power plant operation per se, nor should the solid or aqueous 
waste treatment systems used or discharge levels achieved be deemed representative of 
the industry as a whole. 

The project examined the fate of selected substances found in the process stream at the 
host site. AU of the analytical data generated during the project are presented in the 
appendices. The body of the report presents information relative to the coal, limestone 
and gas stream compositions. Information for the gas streams is presented on both a 
concentration and unit energy basis. 

This report is one of a series being produced under the Field Chemical Emissions Moni- 
toring (FCEM) project (RP 3177-1) sponsored by EPFU. The objective of this project 
has been to measure selected inorganic and organic substances in the process and dis- 
charge stream of power plants. Table 1-1 presents the list of substances which are of 
interest to the program. Data on additional substances reported by the analytical 
methods employed are presented in Appendix B. By characterizing all stream of 
interest, information regarding the control and fate of these substances can be 
developed. 

This report presents summarized information about stack emissions from the operation 
of a fluidized bed boiler burning low sulfur subbituminous coal. Sampling was conducted 
during May of 1990. Note that the results presented in this report should be considered 
preliminary. At the present time, they are believed to be correct; however, as informa- 
tion is obtained at other sites, we may reanalyze samples to obtain additional informa- 
tion. We have also resampled plants when the initial results do not appear to be 
reasonable indicators of process performance. 

n e  results reported in this document are of generally good quality and meet the 
objectives of the FCEM study. They provide a more accurate and comprehensive 
characterization of a power plant system than is often found in the published literature. 
The samples upon which the reported results are based have been collected in a careful 
manner using accepted and appropriate sampling and analytical methods. The sampling 
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Table 1-1 

FCEM Substances 

Elements 
Arsenic 
Barium 
Beryllium 
cadmium 
Chlorine (as chloride) 
C h r O m i U m  
Cobalt 

Fluorine (as fluoride) 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Phosphorus 
Selenium 
Vanadium 

Copper 

Orpanic Comoounds 
Benzene 
Toluene 
Formaldehyde 
Polycyclic Organic Matter (POM) a 

'Also referred to as semivolatile organic compounds. Indudes polynuclear aromatic hydrocarbons (PAHs). 
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Introduction 

and analytical results have been subjected to an extensive QA/QC evaluation (a separate 
QA/QC report is provided in Appendix E). In this report, the data which are of 
satisfactory quality are simply reported and not extensively discussed. The focus of the 
discussions is, instead, on those results which are questionable, uncertain, or known to be 
of poor quality. 

The technical approach used at each plant has been to use "standard" sampling and 
analytical procedures to the extent possible, i.e., the FCEM program is not a methods 
development or research program designed to measure extremely low levels of emissions. 
The target reporting level for the selected substances in gas streams was initially chosen 
as 20 pg /Nd  (as the FCEM project has progressed, lower levels of reporting for some 
species have been sought to provide more information). The sampling protocol is to 
obtain three sets of measurements for chemical analysis of each process stream. 
However, for this site, because of a forced unit outage, only one set of samples was 
collected from each stream. 

Section 2 of this report presents a brief description of the plant and sample locations. 
Section 3 presents the chemical analyses of the coal, limestone, and the two gas streams 
sampled at the plant. (Results of the analysis of other sampled streams are presented in 
Appendix B.) Section 4 discusses the results in terms of both analytical and engineering 
considerations. Section 5 presents example calculations, and a glossary is provided in 
Section 6. The appendices present sampling and analytical methods, stream concentra- 
tions, measured and calculated stream flows, particulate measurement results, QA/QC 
information, and blank correction data. 

1-3 
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Section 2 

SITE DESCRIPTION 

The boiler at this site is a fluidized bed combustor (FBC) capable of producing approxi- 
mately 100 MW (gross) of power at full load. A simple schematic of the unit is shown in 
Figure 2-1. Crushed coal and limestone enter the combustion chambers and are 
fluidized by high-velocity air in the water-cooled boiler. Temperatures in the combustion 
chambers are typically about 1650°F. As the coal is combusted, the limestone is calcined 
to form lime which then reacts with the sulfur dioxide in the combustion gases to form 
solid d a u m  sulfate. This reaction removes sulfur dioxide from the combustion gases, 
thus controlling emissions. The calcium-to-sulfur ratio during the test was approximately 
4.0 (coal plus sorbent). 

After releasing heat to the water-cooled boiler jacket and radiant superheater, the 
particulate-laden combustion gas flows into the hot cyclones. The cyclones separate the 
entrained solids @rimarily sulfated lime, lime, ash, and carbon) from the hot combustion 
gas. The combustion gas leaving the cyclones flows through the economizer and air 
heater before entering the fabric filter system. Some entrained particles are collected in 
the economizer and air heater. Ash from the economizer and air heater are combined 
with the ash collected in the fabric filters and conveyed to a storage silo. The fly ash is 
periodically removed from the silo and trucked to a landfill for disposal. This collected 
fly ash constitutes the largest solid waste stream produced at the plant. (The ratio of fly 
ash to bottom ash is approximately 15 to 1 on a mass basis.) 

Combustion gases from the combustion chambers are combined and treated in four 
parallel reverse gas fabric filters to remove fly ash before the gas is discharged to the 
atmosphere through a single stack. Fabric filters 1, 2, and 3 treat approximately 45% of 
the gas flow. The remaining 55% passes through baghouse #4 which has an air-to-cloth 
ratio of approximately 25  acfm/ff. Filter bags in baghouse #4 are constructed of a 
Teflon bead material (Model No. 427-615) manufactured by BGF Industries. 

Bottom ash (bed material) is periodically removed from the combustion chambers to 
control the amount of solids in the chambers. This bottom ash is discharged to ash 
coolers before it is conveyed to an ash hopper. The bottom ash is periodidly trucked to 
a local landfill for disposal. 

Sampling Locations 

Solid and gas sampling locations are illustrated in Figure 2-1 and are briefly described in 
this section. 
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Site Description 

Representative coal samples were collected from each of the full-cut automatic samplers, 
located downstream of the final crusher, at the six coal feeders. 

Representative limestone samples were collected manually from the sample ports on 
each of the two limestone weigh bins. 

Samples of the bottom ash (bed drain material from the combustors) were manually 
collected from each of the four bottom ash drains. The drains were located in the ash 
basin between the ash coolers and the ash hoppers. Fly ash samples (consisting of 
economizer ash, air heater ash, and fabric filter ash) were collected at the top of the fly 
ash silo using a full-cut auto sampler. 

Samples of the flue gas entering baghouse #4 were collected from nine dedicated ports 
located in a horizontal run of duct immediately upstream of fabric filter number four. 
These ports are located downstream of the point where the gas from the two combustors 
combined and subsequently splits to feed the four fabric filters. Sampling for multi- 
metals and semivolatiles was conducted at isoldnetic conditions. 

Flue gas leaving the fabric filter system was sampled from three ports located between 
the induced draft (ID) fan and the stack. This location is downstream of the point where 
gas from all four fabric filters is recombined. 
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Section 3 

RESULTS 

This section presents a summary of results from coal and limestone characterization and 
gas stream analyses. Supplemental data are presented in the appendices. 

Sampling Schedule 

Site 10 was sampled at the beginning of May in 1990. To obtain samples for the d y t e s  
in Table 1-1, seven sampling trains were used for sampling the fabric filter inlet and the 
stack. The multi-metals, PSD, and semivolatile trains require full traversing of the ducts. 
The other four trains (VOST, anions, nitrosamines, and aldehydes) were sampled at 
single points. Because of suspected contamination problems with the VOST sample (a 
Teflon@-lined probe was used instead of a glass-lined probe), a follow-up sampling effort 
was conducted in December 1990 to collect canister samples. During this latter test, the 
process was operated at the same conditions as those of the May 1990 testing. 

Because of a forced outage of the boiler (due to a tube leak), only one day of sampling 
was completed in May, and only one run of each of the sampling trains was completed. 
Figure 3-1 shows when the various samples were collected. Three fabric filter inlet and 
five outlet canister samples were collected in the December sampling effort. To our 
knowledge, there is no reason to suspect that the operation of the plant during testing 
was irregular and would therefore be a reason to discard a data set because of non- 
representative operating conditions. However, because only one set of samples (except 
for the canister samples) was collected, the quality of the results from this site cannot be 
described statistically. 

Data Treatment 

Several conventions were developed for treating the test data and developing average 
concentrations of substances in the various streams. 

To determine the total gas concentration and the emission factors, 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 
summarized below. 

For each substance, there are three possible combinations of vapor and solid phase 
concentrations in the gas streams. These are: 
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Case 1: The concentrations in both the solid and vapor phases are above the 
reporting limits. 

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

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

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

Case 1: 

Case 2: 

Case 3: 

The total concentration is the sum of the concentrations in the vapor and 
solid phases. 

For example, the total nickel concentration in the fabric filter inlet gas is 
calculated as follows: 

Ni in solid phase = 1,300 pg/Nrd 

Ni in vapor phase = 30 pg/Nm’ 

Total Ni in fabric filter inlet gas = 1,330 pg/N& 

The total concentration is considered to be the reporting limit in the solid 
phase. 

For example, the cadmium concentration in the fabric filter inlet gas is 
calculated as follows: 

Cd in solid phase = NR(1.S pg/N&) 

Cd in vapor phase = NR(8 pg/Nrd) 

where NR( 1.5) indicates that th: analytical result was below the reporting 
limit of 1.5 pg/N& (see footnote in Table 3-1 for additional details) 

Total Cd in fabric filter inlet gas = NR(1.5 pg/Nrd) 

Case 2: 

Case 3: The total concentration is considered to be the level measured above the 
reporting limit, regardless of which phase this represents. 
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Results 

For example, the total chromium concentration in the stack gas is calculat- 
ed as follow%: 

Cr in solid phase = 2.2 pg/Nm’ 

Cr in vapor phase = NR(1 p g / N d )  

Total Cr in stack gas = 22 pg/Nm’ 

The above conventions are also in general agreement with guidance provided by EPA 
(Technical Implementation Document for EPA’s Boiler and Furnace Regulations, US. 
Environmental Protection Agency, Office of Solid Waste, Washington, D.C., March 
1992). 

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

Questionable analytical data have been excluded from all summary calculations. These 
include results that indicate a sampling bias, analytical interference, or the presence of 
organic compounds known to be laboratory contaminants. 

Concentrations were corrected against blank sample concentrations, where appropriate 
(i.e., where blank concentrations were reported). Details of the blank corrections are 
provided in Appendix E. 

Coal and Limestone 

Analyses of the coal and limestone samples are presented in Tables 3-1 and 3-2, 
respectively. The reported results for the coal represent an average of four duplicate 
samples except where noted. The limestone results are the average of one pair of 
duplicate samples. Because only one independent sample was available, no confidence 
intervals are reported for either coal or limestone. Appendix A presents the analytical 
method reported for each combination of substance and stream. The results reported 
here were obtained using the analytical methods felt to be the most applicable to each 
matrix. 

Fabric Filter Inlet Gas 

Table 3-3 summarizes the results of the measurements made on the gas exiting the air 
preheaters and entering the fabric filter at Site 10. In addition to the species shown on 
this table, toluene was also analyzed; however, none was reported. The metals and 
anions concentrations for both solid and vapor phase fractions are presented in Table 
3-3. For the multi-metals train, the particulate filter and probe and nozzle rinse fractions 
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Substance 
Mass Flow Rate (dry) 

Moisture 
Ash 
Sulfur 
Arsenic 
Barium 
Beryllium 
cadmium 
Chloride 
C h r O m i u m  
Cobalt 
copper 
Fluoride' 
Lead = 
Manganese 
Mercury 
Molybdenum 
Nickel 
Phosphorus e 

Selenium 
Vanadium 

"Vb (dry) 

Analytical Results for Coal a 

Measure 
110 

11,000 
73 
17 

053 
1.6 
180 
0.6 

60 
75 
1.7 

140 
6.1 
11 

0.08 

W 2 )  

"30) 

"15) 
W 1 0 )  

200 
1.5 
19 

- Units 
klb/hr 
Btu/lb 

wt% 
wt% 
wt% 
PPm 
PPm 
PPm 
PPm 
PPm 
PPm 
PPm 
PPm 
PPm 
PPm 
PPm 
PPm 
PPm 
PPm 
PPm 
PPm 
PPm 

'As received, except where otherwise noted. 

bHHV = higher heating value. 

'Result of one sample analysis. 

dm = Below reporting limit; the reporting Limit is shown in parentheses. The 'reporting limit" is the mu- 
centration below which results are not routinely reported. The reporting limit is set at a eoncentration repre- 
senting an upper tolerance for the method reporting limit (MRL). As described io Appendix B to 40 CFR 
W ,  the MDL is a value that is calculated from a series of measurements made at a particular point in time 
under a particular set of conditions; it is not an intrinsic characteristic of a method. Thus, for a given 
method, the numerical value of the MDL will vary somewhat with each determination. Likewise, M D k  
would be expected to vary somewhat between instruments, between analysts, and between laboratories all 
using the same method. Thus, the reporting limit, as the upper tolerance for the MDL, represents a 
laboratory-spedfc value below which the MDL would be expected to fall for any determination in that par- 
ticular laboratory, regardless of instrument, analyst, etc The reporting limit does not necessarily have utility 
in regulatory application. 
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Table 3-2 

Analytical Results for Limestone 

Substance 

Mass Flow Rate (dry) 
Moisture 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chloride 
ChrOmiUlIl 
Cobalt 

Copper 
Fluoride 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Phosphorus 
Selenium 
Vanadium 

Measure 
8.2 

0.10 

19 
23 

NR(0.2) ' 
NR(0.4) 

n 
2.3 

0.88 

"2) 
50 
7.1 

280 
N R ( O . 0 4 )  

M ( 4 )  

w w  
2.1 

NR(0.4) 
4.6 

"R = Below reporting limit; the reporting limit is shown in parentheses. 

bConccntration is less than Gve times the reporting limit. 
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Table 3-3a 

Fabric Filter Inlet 

Substance 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chloride 
Chromium 
Cobalt 

Fluoride 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Phosphorus 
Selenium 
Vanadium 
Stream Flow Rate 
Particulate Loading 

Copper 

Vapor Phase 
&dNm 

3.0 
NR(3.0) 

15 
w1.9 

1,200 
W 3 )  

7.4 
7.6 
68 
15 

220,000 
W 3 )  

18 
30 

170 

18 
W 2 )  

Solid Phase 
pddNm3 

870 
5,700 

56 

1,050 
370 
230 
740 
410 
380 

5300 
“3) 

“7) 

140 
1,300 

30,000 
290 

1,300 

10.83 gr/dsd’ 
15,500,000 dsdh 

‘Standard conditions 0 C, 1 am. 

’NR = Below reporting limit; the reporting h i t  is shown in parentheses. 

‘Blank correction was greater than 50% of the measured concentration. 

%e reported vapor phase mercury data are suspected to be low. Problems were encountered in analyzing 
these samples (see discussion in Section 4). 

“Standard conditions 68 F, 1 am; represents total flow to all fabric fdters. 
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Table 35b 

Fabric Filter Inlet 

Parameter 

Polvcvclic Oreanic Matter 

Volatile Oreanic Comoounds 
Formaldehyde 
Benzene 

Vapor Phase Solid Phase 
p ddNm ’ &dNm ’ 

N R b  NR 

NR( 17) NA * 
4.48 & 2.1 NA 

‘Solid and vapor phase fradons were analyzed together, no polycyclic organic matter (POM) was reported in 
the combined sample. 

bNR = Below reporting Limits; see Appendix B for spe.ciGc laboratory reporting Limiu of the anal@ 
substances.. 

‘Blank comction was greater than 50% of the measured value. 

dNA = Not analyzed. 

‘Confidence interval represents produd of standard error from scatter in canister results and student 7” at 
95% confidence. 
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I R e s u b  

reported in the blank), this weight was blank corrected. This total weight was divided by 
the total mass of particulate collected to obtain an elemental composition of the 
suspended ash. The suspended ash (collected particulate) composition was also 
compared to the collected ash composition (ash removed by the fabric filter) as an 
additional verification of the consistency of the measured solids composition. 

The suspended ash flow rate was multiplied by the elemental analysis to obtain a solid 
phase substance mass rate. When divided by the gas flow, this value becomes the solid 
phase portion of the gas concentration. The multi-metals train impingers were analyzed 
directly for total elemental mass and divided by the sampled gas volume to obtain the 
vapor phase concentration. 

Examination of Table 3-3 shows that the measured concentration of manganese in the 
fabric filter inlet vapor phase is unexpectedly and extraordinarily high. The limited 
volatility of this element would suggest that the result is in error. This conclusion is 
supported by the fact that the manganese concentration in the stack gas vapor was much 
lower and consistent with those of the other metals. Furthermore, the amount of 
manganese in the fabric filter inlet gas, at the reported concentrations, is much greater 
than the quantity entering the system in the coal and limestone. It should also be noted 
that these observations are based on a single sample, so some caution should be used in 
interpreting the results. 

Stack Gas 

Tables 3 4  and 3-5 present the concentration and unit-energy basis results of stack gas 
emission measurements from Site 10. Again, the data are presented as solid and vapor 
phase components. The concentrations of many of the measured substances are very 
low. In addition, some concentrations were blank corrected, Le., analysis of the filter 
blank and/or impinger solution blanks showed some reportable concentration of the 
substance. The blank concentration was subtracted from the sample concentration of 
these substances. 

Fabric Filter Performance 

Table 3-6 presents the removal eftlciency calculated for the fabric filter for various 
substances. The average particulate removal is 99.95 percent. Most of the selected 
elements are also removed quite effectively. As expected, the tests showed that the acid 
gases (HCI) and volatile organic compounds are not effectively controlled by a par- 
ticulate removal device. The high concentration of lime in the fabric filter solids may 
have been responsible for the observed removal of the acid gases (particularly HF). 

Other Species of Interest 

Some compounds which were not on the FCEM substance list (Table 1-1) but which are 
listed in Title III of the CAAA of 1990 were also measured. Those substances for which 
concentrations were reported are shown in Table 3-7. Two of these compounds, dibutyl 
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Results I 
Table 3-4a 

Stack Gas 

Substance 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chloride 
Chromium 
Cobalt 
Copper 
Fluoride 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Phosphorus 
Selenium 
Vanadium 
Stream Flow 
Particulate Loading 

‘Standard conditions O ’ C ,  1 atm. 

bNR = Below reporting Limits; laboratory reportiug Limits are shown in parentheses. 

‘Blank correction was greater than 50% of the measured mnccntration. 

’The reported vapor phase mercury data are suspected to be low. Problems were encountered in anal* 
these samples (see discussion in Section 4). 

“Standard conditions 68 F, 1 atm. 
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Table 3-4b 

Stack Gas 

Substance 

Semivolatile Organic ComDounds ' 

Volatile Oreanic ComDounds 
Formaldehyde 
Benzene 

Vapor Phase Solid Phase 
a / d N m  p ddNm 

NRb Mi 

hX( 15) e NAd 

2.69 f 2.46 e NA 

'Solid and vapor phase fractions were a n d d  together; no semivolatile compounds were found in the 
combined sample. 

bNR = Below reporting Limit; spedfic laboratory reporting Limits of the analyzed substances are prcscnted in 
Appendix B. 

'Blank carredion was greater than 50% of the measured value. 

'NA = Not and@. 

'Confidence interval represents produd of standard error and student "t" at 95% confidence. 

PRELIMINARY 
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Results 

Table 3-5 

Stack Emissions (Ib/lO" Btu) 

Substance 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chloride 
Chromium 
Cobalt 
Copper 
Fluoride 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Phosphorus 
Selenium 
Vanadium 

Semivolatile C:;zanic Compounds 

Volatile Organic - ComDounds 
Formaldehyde 
Benzene 

NR(15) 
2.0 * 1.8 

"R = Below reporting limits; values bascd on reporting limits are shown in parentheses. 

Concentrations in the blank samples were greater than 50% of the measured concentration. b 

'The reported vapor phase mercury data are suspected to be low. Problems were encountered in analyzing 
these samples (see discussion in Section 4). 

dSpecific reporting limits for ea& of the analycd substances are provided in Appendix B. 

'Confidence interval is product of standard error from scatter in canister results and student 't" at 95% 
confidence. 
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Results 

Substance 

Particulate Control 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chloride 
chromium 
Cobalt 
Copper 
Fluoride 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Phosphorus 
Selenium 
Vanadium 
Benzene 

'NC = Not calculated. Element was not measured i 

Removal (9%) 
99.95 
> 99.9 
99.7 

> 99.6 
NC 
42.8 
99.4 

> 99.6 
> 99.7 
> 95.0 
99.8 

982 
NC 
>96.8 
> 99.8 
> 99.9 
> 92.8 
> 99.8 

40 

we reporting limits in the inlet to the fabric filter. 

bManganesc removzl was calculated without including the reported vapor phase concentration of manganese 
in the inlet to the fabric filter. The inlet concentration is thought to be erroneous. 

* NC = Not calculated. Analytical difficulties resulted in vapor phase mercury concentrations which are 
suspected to be low (see Section 4 for additional information.) 
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Results 

Table 3-7 

Other Species of Interest 

Substance 

Dibutyl phthalate 

bis(2-Ethylhexyl) phthalate 

N-nitrosodiethylamine 

Acetaldehyde 

Baghouse Inlet Stack Gas 
Concentration. u d N m  Concentration. u d N  m' 

195 3.1 

75 6.0 

NS ' 15 

0.5 05 

' NS = Not sampled. 

Blank corrections were greater than 50% of the sample concentration (see Appendix E). 

PRELIMINARY 
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ReSults 

phthalate and bis(2-ethylhexyl) phthalate are known to be common laboratory contami- 
nants contributed from sampling and analytical components such as plastics and rubber 
materials (MA Mazurek, et. al., Environmental Science and Technology, Volume 25, 
No. 4, 1991). 
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Section 4 

DATA ASSESSMENT 

Several procedures can be used to evaluate the information developed during a field 
sampling program. Within the overall FCEM program, three methods are used to assess 
data quality. The first is the use of material balances. If closure of a substance material 
balance can be made within an acceptable percentage, the measurements of the major 
contributors to the balance should be representative of the process operation. Since 
material balances involve the summation and comparison of mass flow rates in several 
streams, often sampled by different procedures and analyzed by different methods, good 
agreement indicates either a statistically improbable degree of luck or accurate results. 
However, the validity of measured stack emission rates of most elements can seldom be 
validated by material balances. The amount of these elements which are emitted in the 
stack gas are too low to be of much significance in the material balance closure. The 
second data assessment method involves the traditional QA/QC protocols of laboratory 
analysis, i.e., duplicates, blanks, spike recovery, etc. The use of QA/QC data becomes 
more effective as more sites are sampled and trends are defined. For some substances, 
closing a material balance is difficult, perhaps because of low concentration levels, so 
that QA/QC results are the only means of substantiating that the measurements were 
performed correctly. Finally, we can compare current results with literature information, 
where available. 

Material Balance Results 

At Site 10, five streams define the plant overall material balance: coal, limestone, 
bottom ash, collected fly ash, and stack gas. For substances of interest, the material 
balance closures were calculated. Closure is defined as the ratio of outlet to inlet mass. 
A 100% closure indicates perfect agreement. When trace substances are analyzed, 
closures between 70 and 130% have been set as a goal of the FCEM project. This range 
reflects the typical level of uncertainty in the measurements and, therefore, permits one 
to interpret the inlet and outlet stream mass rates as being statistically equivalent. Poor 
closures usually indicate measurement problems in one or more sample matrices. 
,However, poor closures do not necessarily mean that the emissions measurements are in 
error. Since the emission rate of many substances is less than 1% of the mass entering 
with the coal, the material balance closure is controlled by measurements of the solids 
streams. 

Table 4-1 presents the results of the material balance calculations. Au of the substances 
present at fairly high concentrations in the coal and limestone have closures in the 
desirable range (aluminum, calcium, iron, magnesium, potassium, and titanium). This 
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Data Assessment 

Table 4-1 

Material Balance 

Major Elements: 
Substance 

Aluminum 
calcium 
Iron 
Magnesium 
Potassium 
sodium 
Titanium 

Minor/Trace Elements: Arsenic 
Barium 
Beryllium 
Cadmium 
Chloride 
ChrOmiUm 
Cobalt 
Copper 
Fluoride 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Phosphorus 
Selenium 
Vanadium 

Closure (%I 
96 
117 
101 
76 

NC ' 
87 
104 

NC 
72 
177 
NC 
a4 
119 
227 
NC 
56 

156 
140 
NC 
NC 
NC 
125 
75 
103 

'NC = Not calculated; not found above reporting limit in one or more of the major inlet or outlet streams. 

bChlorine and fluorine are assumed to be in the form of chloride and fluoride, respectively, in the combus- 
tion gas stream. 

4-2 

PRELIMINARY DO NOT ClTE OR QUOTE 
~ 



Data Assessment 

I -~ 

indicates that the flow rates for the streams and the chemical analysis for these substanc- 
es in the input and ash streams are probably reasonably accurate. 

Concentrations of cadmium, copper, potassium, mercury, molybdenum, and nickel were 
below reporting limits in the coal, therefore, material balances could not be developed 
for these substances. A material balance was not determined for arsenic, because 
arsenic was not reported in any of the outlet streams. For those substances with dosure 
values between 70 and 130%, we consider the data to be valid and no further discussion 
is presented. Substances that did not or could not achieve acceptable closures are dis- 
cussed below. Material balances were not attempted for organic species since these sub- 
stances may not be conserved in the plant (i.e., they can be created or destroyed by 
reaction as they pass through the plant). 

Substance Discussion 

In general, the material balance closure for most substances indicates the flow rate data 
and major element analysis are adequate in terms of describing the operation of Site 10. 
However, because only one sample set was collected at this site, very little interpretation 
can be attempted when a material balance does not close. Also, since the measured 
elements exit the system primarily with the fly ash and bottom ash, material balances 
provide little infomation about the accuracy of stack emissions results. 

Beryllium 

The material balance closure for beryllium was 178 percent. Most of the beryllium 
enters the system in the coal and exits in the fly ash. The poor material balance 
indicates a high result in the fly ash analyses, a low result in the coal analysis, or both. 

Cobalt 

The material balance closure for cobalt was 227 percent. Most of the cobalt enters the 
system in the coal and exits in the fly ash. The poor material balance indicates a high 
result in the fly ash sample, a low result in the coal analysis, or both. 

Fluorine 

It is assumed that fluorine is present as fluoride in the combustion gas. The overall 
fluorine/fluoride material balance closure was 56 percent. The low recovery is probably 
due to a low result in the ash analysis. The sodium hydroxide fusion digestion method 
used has been shown to be biased low by about 50 percent. There may also be a high 
result from the coal analysis. 
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Data Assessment 

Lead 

The material balance closure for lead was 156 percent. Most of the lead enters the 
system in the coal and exits in the fly ash. The poor material balance indicates a high 
result in the fly ash sample, a low result in the coal analysis, or both. 

Mercury 

Very sensitive analytical measurement techniques were used to measure mercury concen- 
trations in coal, ashes, and impinger solutions to provide the best information possible. 
Even with these methods, however, mercury was not reported in any of the sampled 
materials, except for the coal. It was discovered during later sampling efforts that a 
large portion of mercury present in a gas stream was trapped in the nitric acid impingers. 
However, these impingers were not analyzed properly because insufficient permanganate 
(which reacts with I-&Q in the solution) was added prior to analysis by CVAAS. Thus, 
the vapor phase mercury results are believed to be lower than actual concentrations. 

Manganese 

The material balance closure for manganese was 140 percent. Most of the manganese 
enters the system in the coal and exits in the fly ash. The high material closure was, in 
part, caused by a high result in the ash analysis by ICP-AES. The stack emissions of 
manganese may also be biased high. 

Molybdenum 

In testing at sites subsequent to Site 10, it has been found that internally consistent 
analytical results could not be obtained for molybdenum in any of the ash streams pre- 
pared by microwave digestion and analyzed by ICP-AES. Molybdenum recoveries from 
analyses of NBS reference coal fly ash have been consistently biased high. This bias can 
be attributed to spectral interference from aluminum and iron in the ash matrix. Thus, 
reported molybdenum levels in ash streams should be considered questionable. 

Volatile Organics 

The VOST sample collected during May indicated unexpectedly high concentrations of 
benzene in the fabric filter inlet and stack gas streams. It is believed that the VOST 
train was contaminated during sampling because of the use of a Teflon@ probe. The 
sampling method specifies the use of a glass-lined probe, but a Teflon probe was used at 
some sites in an effort to overcome some sampling problems (i.e., breaking probes and 
sampling with vertical probe orientation). However, it was later discovered that aroma- 
tics (benzene, toluene) were apparently being released from the insulation surrounding 
the probe. These aromatics were diffusing through the Teflon probe and contaminating 
the samples. (In subsequent testing at another site, VOST results with Teflon@ were 
confirmed to be higher while results of VOST with a glass probe were in agreement with 
canister results). For this reason, none of the VOST results are reported. During 
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subsequent sampling, canister samples were analyzed for benzene and total non-methane 
hydrocarbons. The results of the canister sample analyses are reported. The inlet and 
outlet concentrations agree within the standard error limits of the results. Since a 
change in vapor phase benzene levels would not be expected across a fabric filter, this 
result is reasonable. 

n e  formaldehyde results should be considered questionable. Only one sample was 
collected, and QA/QC results suggest a possible contamination in the field blank train. 
Formaldehyde levels in the field blanks were as much as five times higher than those 
found in the test samples. 

POMs 

No polycyclic organic material was identified in any gas stream. Reporting limits for 
POMs were in the range of 0.08 - 3.2 pg/Nn?. 

Overview of Vapor Phase Metals 

Impinger results indicate substantial amounts of the major elements in the vapor phase. 
Since these substances are not volatile, it is possible that there was a breakthrough of 
particulates through the sampling train filter and into the impingers. Therefore, the 
reported levels of any of the metals measured above the reporting limit (barium, 
chromium, lead, and manganese) in the vapor phase could be high. 

Overview of Solid Phase Metals 

A comparison of the collected fly ash and fabric filter inlet solid phase analysis shows 
that the fabric filter inlet solids generally have lower concentrations than found in the 
collected fly ash. Since the gas solid phase material was prepared using a microwave 
digestion, and the collected ash was prepared by lithium metaborate fusion or perchloric 
acid digestion, it is possible that the reported concentrations in the gas solids may be 
biased low because of an incomplete digestion. This bias would affect both the fabric 
filter inlet and stack gas solid phase results. 
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Section 5 

EXAMPLE CALCULATIONS 

This section presents the methodology and sample calculations used to develop the 
results presented in Sections 3 and 4. Specifically, the calculation of stream flow rates 
and unit-energy basis results are presented. 

Stream Flows 

Appendix C presents information about the stream flows that were measured or calculat- 
ed at Site 10 during the sampling trip. The coal feed rate, limestone feed rate, flue gas 
flow, and the fabric filter inlet and outlet particulate loadings were measured directly. 
The collected fly ash flow rate was calculated by an on-site material balance program 
which performs a balance on inert substances around the system. The calculated fly ash 
flow rate and the measured fabric filter inlet particulate rate compared well. The stack 
flue gas flow rate was used for material balance calculations around the fabric filter (to 
calculate removal efficiency). The measured flue gas flow rate agreed with the site flue 
gas flow sensors. 

Unit Energy Calculation 

In addition to the gas phase concentrations, a unit-energy basis emission factor has also 
been developed for each substance. These values were determined by using the mass 
flow of a substance and dividing by the heat input to the boiler during testing rather than 
the resulting gas flow. The heat input was obtained from the coal flow rate and the 
HHV of the fuel for the sampling period. 

The coal mass rate was 110,000 (dry) lbs/hr with a HHV of 11,000 Btu/lb, for a heat 
input of 0.00121 x 10 l2 Btu/hr. As an example, the solid phase barium mass flow rate 
out of the fabric filters is calculated by multiplying the gas concentration in Table 3-4 by 
the stack gas flow rate of 409,155 dNm '/hr (14.9 pg/dNm3 * 409,155 dNm '/hr * 
10" mg/pg = 6,096.4 mg/hr). The same is done for the vapor phase, producing a rate 
of 572.8 mg/hr. These two rates are added using the rules presented in Section 3. In 
this case, since both values are above the reporting limit, the values can simply be added. 
(If, however, one of the values had been less than a reporting limit, that value would 
have been assumed to be zero. For the case of both the vapor and solid phase being 
below the reporting limit only, the reporting limit of the particulate phase would have 
been used to calculate the emission rate. The result would be reported as less than the 
reporting limit.) In this case the total emission rate is 6,669.2 mg/hr (0.0147 lb/hr) of 
barium. This value is divided by the energy input (0.0147/0.00121) to get the emission 
rate of 12.1 lb/lO '* Btu reported in Table 3-5. 
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Section 6 

GLOSSARY 

Btll 
CFBC 
dNm3 
DQO 
dsdh 
FCEM 
GFAAS 
HHV 
IC 
ICP (ICAP, ICMES, 
ICP-AES) 
ID 
klb/hr 
MSD 
NAA 
NBS 
PAH 
POM 
PSD 
QA/QC 
RPD 
SIE 
TNMHC 
voc 
VOST 

PRELIMINARY 

British Thermal Unit 
Circulating Fluidized Bed Combustion 
Dry Normal Cubic Meter 
Data Quality Objectives 
Dry Standard Cubic Feet per Hour 
Field Chemical Emissions Monitoring 
Graphite Furnace Atomic Adsorption Spectroscopy 
Higher Heating Value 
Ion Chromatography 
Inductively Coupled Argon Plasma Emissions Spectroscopy 

Induced Draft 
Thousand Pounds per Hour 
Matrix Spike Duplicate 
Neutron Activation Analysis 
National Bureau of Standards 
Polynuclear Aromatic Hydrocarbons 
Polycyclic Organic Matter 
Particle Size Distribution 
Quality AssurancelQuality Control 
Relative Percent Difference 
Selective Ion Electrode 
Total Non-Methane Hydrocarbons 
Volatile Organic Compound 
Volatile Organic Sampling Train 
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Appendix A 

Detailed Sample Collection/Preparation/Analysis Tables 
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Appendix A 

Table A-2 

Summary of Preparation Procedures and Analytical Methods Used to Measure 
Organic Chemical Components in Non-Coal Solids and Flue Gas 

Comoonent Method Reference Non-Coal Solids Flue Gas 

Volatile Oreanic Compounds 
Sample Collection 

VOA Vials 
VOST 
Canisters 

Analysis by GC/MS 
Benzene 
Toluene 

Formaldehvde 
Sample Collection 
DNPH Impinge? 

Analysis by HPLC 
Formaldehyde 

Polynuclear Aromatic 
Oreanic Comuounds 
Sample Collection 

Grab 
MM5 

Preparation 
Liquidmquid Extraction 
Soxhlet Extraction 

Analysis by GC/MS 
Acenaphthene 
Acenaphthylene 
Anthracene 

SW 0030 
TO-14 

SW 8240 
SW 8240 

sw 0011 

TO 5b 

X 
X 
X 

X 
X 

X 

X 

X 
sw 0010 X 

SW 3520 
SW 3540 

SW 8270 
SW 8270 
SW 8270 

X X 

X X 
X X 
X X 
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Table A-2 

(Continued) 

ComDonent 
Benzo(a)anthracene 
Benzo(a)pyrene 
Benzo(b)fluoranthene 
Benzo(g,h,i)perylene 
Benzo(k)fluoranthene 
Chrysene 
Dibenzo(a,h)anthracene 
Fluoranthene 
Fluorene 
Indene( 1,2,3-cd)pyrene 
Naphthalene 
Phenanthrene 
Pyrene 

Method Reference 
SW 8270 
SW 8270 
SW 8270 
SW 8270 
SW 8270 
SW 8270 
SW 8270 

Non-Coal Solids 
X 
X 
X 
X 
X 
X 
X 

Flue Gas 
X 
X 
X 
X 
X 
X 
X 

SW 8270 X X 
SW 8270 X X 
SW 8270 X X 
SW 8270 X X 
SW 8270 X X 
SW 8270 X X 

"DNPH is 2,4-dinitrophenylhydrazine. 

-0 5 is EPA Compendium of methods for the Determination of Toxic Organic 
Compounds in Ambient Air, EPA 600/4/84/041. 

SW is EPA SW-846 Test Methods for Evaluating Solid Waste. 
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Table A-3 

Preparation Methods and Chemical Analysis 
Methods Applied to Coal for the FCEM Project 

Comoonent 

Ultimate Analvsis of Coal 
Ash 

Carbon 

Hydrogen 

Nitrogen 

Sulfur 

Heating Value 

Proximate Analvsis of Coal 
Moisture 

Ash 

Volatiles 

Fixed Carbon 

FCEM Tarpet Elements bv INAA 
Preparation 
Analysis by INAA 

Arsenic 
Barium 
Cadmium 

Method Reference 

Perkin/Elmer Model 24OC 
InStrUctiOnS 

Peckin/Elmer Model 240C 
InStructiOnS 

Perkin/Elmer Model 24OC 
InStrUCtiOnS 

Perkin/Elmer Model 240C 
InStructiOnS 

Perkin/Elmer Model 240C 
InStrUCtiOnS 

Perkin/Elmer Model 240C 
InStrUCtiOnS 

Perkin/Elmer Model TGA 7 
Instructions 
Perkin/Elmer Model TGA 7 
InStrUctiOnS 

Perkin/Elmer Model TGA 7 
Instructions 
Perkin/Elmer Model TGA 7 
Instructions 

Karr, Chapters 12 and 46 

Karr, Chapters 12 and 46 

Karr, Chapters 12 and 46 

- Coal 

X 

X 

X 

x 

X 

X 

X 

X 

X 

X 

None 

X 
X 
X 
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Table A-3 

(Continued) 

ComDonent 

chromium 
Chlorine 
Cobalt 

copper 
Manganese 
Mercury 
Molybdenum 
Nickel 
Selenium 
Vanadium 

Method Reference 

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 

Bervllium and Lead And& in Coal 
Preparation 

Oxygen Bomb Digestion 
MW Digestion for Solids 

Beryllium SW 6010 

SW 7421 

Lindahl and Bishop 
Lindahl and Bishop 

Analysis by IB-AES 

Analysis by GFAA 
Lead 

Chlorine, Fluorine, and Total 
Phosuhorous Analvsis in Coal 
Preparation 
Oxygen Bomb Digestion 

Analysis by Ion Chromatography 

ASTM 23611- 3761 

Chloride EPA 300.0 
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- Coal 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 

X 

X 

X 

X 
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Table A-3 

(Continued) 

Comoonent Method Reference 

Analysis by Ion Selective Electrode 

Spectrophotometric Analysis 
Total P, Spectrophotometric 

Fluoride ASTM D 3761 

EPA Method 365.2 

Mercurv Analvsis in Coal 
Preparation 
Double Amalgamation Karr, Chapter 14 
Analysis by CVAA 

Mercury Karr, Chapter 14 

Additional Inorganic Analytes in coal 
Preparation 
Analysis by INAA 

Aluminum 
calcium 
Iron 
Magnesium 
Potassium 
Sodium 
Titanium 
Zinc 

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), Analvtical Methods for Coal and Coal Products. 

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

EPA is EPA Methods for Chemical Analysis of Waters and Wastes. 

- Coal 

X 

X 

X 

X 

None 

X 
X 
X 
X 
X 
X 
X 
X 
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Analytical Data Tables 
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Appendi B 

Table 6-1 

Coal Analyses 

Duplicate 
Sample Cl-108 Sample c1-200 Average 
Cl-108 Duplicate Analysis C1-200 Duplicate Analysis Concentralion 
(PPmW (ppmw) m m w )  (Ppmw) (ppmw) ........... ......................... 

Arsenic 1.5208 1.4042 1.328 
AReniC (reanalY2ed) 1.51 72 1.6388 1.5038 
Barium 183.26 181.21 171.86 

~~ ~ 

Beryllium 
Cadmium 
Chlorine 
Chromium 
Coball 

Fluoride 
Copper 

1.3335 1.397 
1.6756 1.584 
173.46 177.4 

30 < 27 < 29  < 3 0  < 29  
144.00 NA NA NA N: 

LMd 6.10 NA NA NA K: 
11 2 3  11.107 11.332 11.41 11.3 

0.2 0.25 < 0.25 < 0.25 0.238 
Msnpanese 
Herany ( N W  
Menury (gold allla.) 0.08 0.08 
Moiyndenurn < 1.3872 < 1.5243 < 1.4464 1.4291 < 1.447 
Nickel < 10.198 < (0.488 < 0.7038 c 9.0206 c 10.1 ........ ~. ~~ ~~ 

PhOSphOrus 200.00 NA Ni NA N: 
Vanadium 18.917 16.953 18.232 20.655 18.69 

Additional Elements 
~~ 

Aluminum 
Anlimony 
BOIOn 
Calcium 
Iron 
Lilhium 
Magnesium 
Polasium 
Selenium 
Silicon 
Silver 

26964 25783 28197 
0.6817 0.6572 0.6673 

N4 NA NA 
1919.6 1893.3 1953.2 
2259.2 2210.3 2066.8 

0.45 0.47 0.47 

28779 27430 
0.6469 0.663 

w NA 
1834.8 1900 
2136.5 2168 

NA 
1109.3 
2325.6 < 
1.3973 

HA 
0.45 

NA 
(023 
201 1 
1.473 

NA 
0.462 

&iim 806.6 783.06 858.7 866.94 826.8 
Strontium 220.3 222.54 217.18 205.45 216.4 
Tin < IS -. 14.5 < 15 1s < 14.88 
Titanium 933.52 926.94 1015.50 1013.90 972.5 
Zinc 8.0683 10.219 11.018 11.822 10.3 

Ultimate An- (wl %) 

CarWn 62 NA 6 3  
Hydrogen 4.3 NA 4.4 
Nitrogen 1.5 NA 1 .5 

6.8 NA 6.8 
0.53 NA 0.53 

W P  
Sulfur 

Proximale Analysis (wl  10 

Moisture 7.2 NA 7.4 
Ash 17 NA 17  
Volaliles 33 NA 33 
Fired carbar 4 3  NA 43 

Higher Heating Vdue 11000 NA 11000 

............ 

(blullb) 

NA-ot analyzed 
NC-no1 caIwlalnd 

............................................................ 

indicates me Concantration was less man the reporting limil. 

NA 
NA 
NA 
NA 
NA 

NA 
w 
NA 
NA 

NA 

62.5 
4.35 

1.5 
6.82 
0.53 

43 

11000 
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FCEM Elements 

Arsenic 
Barium 
Beryllium 
Cadmium 
Chloride 
Chromium 
Cobalt 
Copper 
Fluoride 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Phosphorus 
Vanadium 

---.-------- 

Additional Elements 

Aluminum 
Antimony 
Boron 
Calcium 
Iron 
Lithium 
Magnesium 
Potassium 
Selenium 
Silicon 
Silver 
Sodium 
Strontium 
Sulfur 
Tin 
Titanium 
Zinc 

--_.____--_______- 

< 
< 

. . 
c 

< . 
. 

----.- 

. 
< 
c 

< . 
. 
< 
c 

20 
22.6 
0 . 1 7 ~  
0.44 < 

70 
2.52' 
0.07' 

1 . 7 ~  
33 
7.2 

284 
0 . 0 4 5 ~  

4.4 
2.12' 

26 
4.61 

623 
1000 

52 
365000 

1320 
5.17' 

4060 
2 6 0 ~  
0 . 4 5 ~  
716 
0 . 0 7 ~  
293' 
304 

1590' 
210c 
4.4< 

10.40 

10 
22.7 
0.16 < 
0.40 c 

76 
2.09 
0.90 

1.6 c 
66 
6.9 

278 
0.045 c 

4.0 c 
2.16 

24 
4.64 

570 
960 

69 < 
354000 < 

1350 
5.01 

3990 
240 
0.34 
638 c 
0.01 
270 
375 

1760 
190 
4.0 c 

11.20 < 

19 
22.7 
0.17 
0.43 

77 
2.31 
0.88 

1.7 
50 
7.1 

281 
0.045 

4.2 
2.14 

25 
4.63 

601 
900 

61 
359500 

1335 
5.10 

4025 
250 
0.40 
677 
0.04 
202 
300 

1675 
200 
4.2 

10.80 

_-______-___________~-------------.----- ___---_-----------.-------- 
< indicates a concentration less than the reporting limit. 
* indicates a concentration less than 5 m e s  reporting limit. 
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FCEM Elements 

Arsenic < 
Barium 
Beryllium 
Cadmium C 

Chloride 
Chromium 
Cobalt 
Copper 
Fluoride 
Lead 
Manganese 
Mercury C 

Molybdenum C 

Nickel 
Phosphorus 
Vanadium 

_ _ - _ _ _ _ _ _ _ _ _  
. 
. 

Additional Elements 

Aluminum 
Antimony C 

Boron C 

Calcium 
Iron 
Lithium 
Mag n e s i u m 
Potassium 
Selenium < 
Silicon 
Silver 
Sodium 
Strontium 
Sulfur 
Tin 
Titanium 
Zinc 

_____._______-________._ 

. 

12 
557.8 
1.15 - 
1.00 < 
110 

29.55 
9.98 
26.91 
13.00 
41 

233.0 
0.18 < 
10.00 < 
17.06 
389.7 
40.66 

105032 
610 c 
110 < 

150144 
10017 
52.20 
4879 
6596 

78300 

3638 
273.10 
19860 
120 
2181 
38.95 

1.00 c 

2.68 * 

NA 
572.9 
1.16 
0.88 < 
120 

28.63 
9.60 
27.85 
5.10 
45 

239.7 
0.18 c 
8.80 c 
18.46 
413.8 
39.79 

106590 
520 < 
120 < 

154379 
10320 
59.64 
4983 
6770 
0.98 < 

1 1  8000 
2.06 
3730 

282.50 
20314 

2227 
39.11 

100 c 

IC 
565.4 
1.15 
0.94 
115 

29.10 
9.79 
27.38 

9 
43 

236.4 
0.17 
9.40 
17.76 
401.8 
40.23 

10581 1 
565 
110 

152262 
101 69 
55.92 
4931 
6683 
0.99 

981 50 
2.37 
3684 

277.80 
20087 
110 
2204 
39.03 

________.____.-_____________._______.___ ______--._._--______.----.. 
c indicates 
* indicates a concentration less than 5 times reporting limit. 
NA=not analyzed 
NGnot calculated 

a concentration less than the reporting limit. 
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Table 8-4 

Fly Ash Analyses: Elements 

FCEM Flements 

Arsenic 
Barium 
Beryllium 
Cadmium 
Chloride 
Chromium 
Cobalt 
Copper 
Fluoride 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Phosphorus 
Vanadium 

_ _ _ _ _ - - - - _ - -  

Additional Elements 

A I u m i n u m 
Antimony 
Boron 
Calcium 
Iron 
Lithium 
Magnesium 
Potassium 
Selenium 
Silicon 
Silver 
Sodium 
Strontium 
Sulfur 
Tin 
Titanium 
Zinc 

- _ _ _ _ - _ - - _ - _ _ _ _ - - -  

< 25 
236 
4.75 

190 
39.11 
17.71 
40.06 

420 
32 

174.6 

< 0 . 9 6 ~  

c 0.17< 
< 9.60< 

24.04 
2110 
84.91 

_ -  
109368 

c 5 8 0 ~  
< 120< 

131158 
9329 
63.10 
4066 
4888 

74500 
4.49 

2996 
822.4 

13727 

4341 
48.67 

. 4.2' 

< 120< 

, -  

NA 
834 
4.75 
1.00 < 
200 

38.94 
17.37 
40.47 

320 
54  

178.5 
0.18 < 

10.00 c 
24.61 
21 15 
85.03 

1 1  1332 
610 c 
120 < 

134085 
9587 
67.11 
4119 
4903 

4.2 
69200 

3.31 
3073 
873.8 

14078 

4456 
48.23 

120 < 

N: 
535 
4.75 
0.98 
195 

39.03 
17.54 
40.27 

370 
4 3  

176.6 
0.18 
9.80 

24.33 
2113 
84.97 

1 10350 
595 
115 

132622 
9458 
65.11 
4093 
4896 

4.2 
71850 

3.90 
3035 
848.1 

13903 
120 

4399 
48.45 

____--__________-___~----- . - - - - - - - - - - - -_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
indicates a concentration less than the reporting limit. 

* indicates a concentration less than 5 times reporling limit. 
NA=not analyzed 
NC=not calculated 

B-6 

PRELIMINARY DO NOT CITE OR QUOTE 



Y Y 

Y Y  Y "  

Y Y  " Y Y  Y 

PRELIMINARY 

Y "  Y 

B-7 

DO NOT CITE OR QUOTE 



A p p e d i  B 

" " " I "  " " 

Y " Y "  " " 

B-8 

PRELRvIINARY DO NOT CITE OR QUOTE 
~ ~ 



L O N  0 
- N m  0 

0 

4 - Z d o  8 
0 m 
P 

Y "  " "  " a " " " "  Y Y  """""I  " " Y " " " " " "  I" 

B-9 

~ 

DO NOT ClTE OR QUOTE 



PRELlh4DlARY 

B-10 

~ 

DO NOT Cll'E OR QUOTE 
~ 



- O D *  
O O N D  
0 0 0 0  ooo ' 

0 0 :  
0 0  

o m o -  

0 0 0 0  
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Table B-10 

Gas Analysis Calculations: Semivolatile Organics 

au1.l .. .. .. . .. .. . .... 

PRELMINARY 

lmal 
Wl .. . .. .. .. . . 

10.1 
10.1 

. . . . . . . . . . . . . . . . .. . . . . . . . . . . . ... 
1n.1 

1Wd.n) . . .. . .. .. . 
0.1l0 
0.11D 
0.11v 
0.110 

0.110 
0.1,9 
0.1m 
0.1,s 
1.110 

0.11. 
0..10 
O.ll0 
0.111 
6.142 
0.110 

0.1,s 
0.111 
0.lW 
0.1t9 
1.sw 
0.1,0 
o.s,0 
0.11. 
0.110 
1.0(. 

0.110 
0.111 

o.am 

0 . m  

o.aw 

o.aw 

0 . m  
o.uo 
0.171 
0.1,o 
0.11. 
0 . 1 l O  
0.110 
0.510 
0.llD 

0.110 
0.1,9 
o.at9 
0 .30  
0.111 
0.118 
0.110 
0.110 
0.110 
0.1,0 
1.514 
9.5,. 
0.a19 

0.1w 
0.s19 
0.110 
1.514 
0.110 
1.8,. 
0.110 

o.atm 

0 . m  
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,550owo 

O O M n m t l O l l  .. ... .. .. . . . . . ... . . .. . 
1mIl.I lmel 
W) ew*m .. . . . . . . . .. . . . .. . . . 

0.9 
*.I 
0.9 
0 3  
m.0 ... 
..e 
9.9 
9.0 
00 
0.0 
0.0 
0.D 
0.0 
0.0 

10.0 
0.1 
0.0 
..D 
8.9 
e 3  
0.0 

M., ... ... 
0.. 
01 
a0.8 
..I 
0.0 
0.0 
0,5 
0.0 
0 3  
..I 
0.9 
0.0 
D.. 
0.0 
0.0 
0.0 
5.0 
l.D 
9.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
5.0 

40.5 
U . 5  

0.0 
0.0 
0.0 
0,5 
0.0 

M . 5  
0.0 
M ,  

0.0 

DO NOT CITE OR QUOTE 



99 

99 

B-13 

PRELIMINARY DO NOT CITE OR QUOTE 



cy 
7 m 

~~ 

Appendii B 

. .  
" " " "  

t 

DO NOT CITE OR QUOTE 



Table 8-13 

December 8,1990 

Canister Sample Results - Stack Gas 

Samole ID 

cu-003 
cu-004 
CU-006 

cu-007 
cu-015 
CU-016 
CU-018 
CU-019 
cu-024 
CU-025 

Benzene (Dobv) 

1.7 
0.2 

0.3 

0.5 
1.5 
0.8 
1.3 
2.2 

NFq0.2) 
N R ( O . 2 )  

'Total nomethane hydrocarbons. 

bDuplicate sample. 

'Not reported; reporting limit in parentheses. 

PRELIMINARY 

TNMHC' loobv) 

186 
278 
264 
444 
1084 
432 
568 
588 
226 
238 
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Samole ID 

cu-005 
CU-010A 

CU-OIOB 

CU-01oc 
CU-O11A 
CU-OIIB 

CU-020 

Table 8-14 

December 8.1990 

Canister Sample Results - Fabric Filter Inlet 

Time, Hours 
From Start 

1 

3 

3 

3 

3 

3 
5 

Benzene (oobv) T ” C  * (onbv) 

1.2 204 

1.1 280 

43  4120 

3.0 4 12 

1.6 1008 

15 836 

1.1 598 

‘Total non-methane hydrocarbons. 

bDuplicate of CU-OlOC. 
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Table C-1 

Stream Flow Rate Distribution for the 
Site 10 CFBC Process 

Stream Flow Rate 
Stream (Drv Basis) 

Inlet Streams 

m 108,626 lb/hr 
Ash 
Unreacted Coal 

w f W  (as SQ) 

Limestone 8,252 lb/hr 
Limestone (as CaO) 

Intermediate Streams 

Air Heater, Economizer 
Ash 

Baehouse Inlet Gas lS,500,OOO dscfh 
Asp 

Outlet Streams 

Bottom Ash (bed material) 
Collected As& 

Stack GaS 1 
Ash 

1,760 lb/hr 
26,170 lb /h  

500,OOO dsdh 

Concentratiod 

I 

17 wt% 
2 wt% 

053 wt% 

- - 

- 
I 

10.83 gr/dsd 

I 

- 
I 

0.00517 gr/dsd 

Component 
Flow Rate 

(Ib/hrl 

- 
18,500 
2,200 
1,100 

4,600 

2,2w 

~ , o o d  

1,760 
26,170 

11.5 

%% = percent by weight on dry basis; g/dscf = g'ains per dry standard cubic fcct. 

bBaghousc inlet flow does not indude economizer ash or air heater ash. 
'Collected ash indudes baghouse ash, economizer ash, and air heater ash calculated from ash balance and 
hm bottom ash discbarge rate. 

ddsdb = dry standard cubic feet per hour. 

*Calculated as difference between calculated ash rate and measured baghouse inlet rate. 

'MCaSWd 
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Appendix D 

As part of the FCEM project, Quality Assurance/Quality Control (QA/QC) procedures 
are conducted to ensure specific data needs of the projects are met. The primary 
objectives of the QA/QC effort are to control, assess, and document data quality. To 
achieve these objectives, the QA/QC program is used to assess data quality in terms of 
precision and accuracy and to control data quality within prescribed limits of 
acceptability. 

TO assess and control data quality, the QA/QC approach has three key elements: 

Data quality objectives; 

QA/QC in sample collection, analyses, and data analysis; and 

Corrective action when preestablished specifications are not met. 

Based on this general QA/QC approach, a project-specific QA/QC program was 
developed for the FCEM project. The following sections describe the details of the 
QA/QC program and present the results for the tests conducted at the Site 10 CFBC 
unit. 

Data Quality Objectives 

Specific data quality objectives (DQOs) for each of the measurement properties of 
interest are provided in Table D-1. These DQOs are specified in terms of precision, 
accuracy, and completeness of the measurement data. Sampling, analytical, QC, and 
data analysis procedures capable of meeting these objectives are used for this project. 
Precision and bias estimates for analysis of samples are based on results of spiked 
samples, duplicate samples, duplicate analyses, and QC check samples. The difference 
between duplicate sample results will provide a measure of total sampling and analytical 
variability; whereas, results for duplicate analyses wil l  provide a measure of analytical 
variability. Precision values shown in the table represent a measure of variability for 
replicate measurements of the same parameter, expressed in terms of the relative 
percent difference. Accuracy includes components of both random error (i.e., variability 
due to imprecision) and systematic error (Le., bias), and thus reflects the total error for a 
single measurement, expressed as percentage of the true value. For this project, 
accuracy is determined from matrix spike recoveries. 

sampling and Analytical QC 

Table D-2 presents the QC procedures associated with the various sampling and 
analytical efforts which provide the basis for control and assessment of data quality. 
Also given are the frequency, acceptance criteria, and corrective action for each QC 
check. The internal QC procedures for this project can be divided into two categories: 
sampling QC procedures and analytical QC procedures. For this program, sampling QC 
procedures included the collection of field blanks for each type of sample collection 
procedure and collection of duplicate samples. Analytical QC procedures consisted of 
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Measured Parameter 

volatile organic 
Compounds 

semivolatile organic 
Compounds 

Formaldehyde 

Metals 

Metals 

Metab 

Mercury 

Chloride 

Fluoride 

Sulfate 

Phosphate 

Table D-1 

Data Quality Objectives for the FCEM Project 

8.770 

HeLC 

ICAPES 

GFAAS 

HGAAS 

WAAS 

Ion 
Chromatography 

Selective Ion 
Electrode 

Ion 
Chromatography 

colorimetry 

Aceoreeyb 

Scc Method 

See Method 

NS 

75 - 125 
75 - 125 
75 - 125 
75 - 125 
75 - 125 

75 - 125 

75 - 125 

75 - 125 

Data 
CaDhlIV 

90% 

90% 

90% 

90% 

90% 

90% 

90% 

90% 

90% 

90% 

90% 

'Precision calculated based on duplicate laboratory analyses and expressed as relative percent difference 
100( I X, -& I )/jz where 2 = mean and X, and & are replicate measurements). 

bAcnvacy bascd on percent rceovery of known additions (ie, spikes). Remvery is a function of sample 
matrix 

'Valid data percentage of the total tats conducted. 

dNS = Not specilied. 
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analytical instrument calibrations, instrument checks, system and analytical method 
blanks, spiked samples, and duplicate analyses. 

Field Blank Results 

Matched matrix field blanks were collected once for each of the gas stream analyses 
(e.g., metals train, anions train, etc.). Field blanks do not apply to solid samples. 
Results for field blanks were used to monitor contamination in the sample handling 
process. Overall, results for the field blanks were acceptable; however, analyses indicat- 
ed potential contamination in some field blank samples which may bias gas sample 
results. Details of the field blank analyses are discussed in the following paragraphs. 

Metals Train. The field blank for the metals train was collected at the baghouse inlet 
location. Concentrations greater than five times the reporting limit (based on the 
instrument reporting limit and a sample dissolution volume of 100 mL) were reported in 
the front half blank sample (filter plus probe and nozzle rinse 1 and 2) for the elements 
listed in Table D-3. Element concentrations in the back half blank sample (imphgers 1 
and 2) were all less than five times the reporting limit for a l l  elements except manga- 
nese. The field blank data suggest that results for this element in the baghouse inlet and 
outlet samples (front half only) may be biased high. The relatively large amounts of 
material found in the field blank undoubtedly come from the filter used to collect the 
suspended particulate matter. The microwave digestion technique used to bring the 
particulate matter into solution was applied to the filter used to collect the particulate 
matter as well as the particulate matter itself. 

Anions. Chloride was found in the thimble filter from the field blank at levels greater 
than five times the reporting limit. This indicates that the measured chloride concentra- 
tions for the thimble filter and the associated particulate collected at the inlet to the 
baghouse may be biased high. 

Formaldehyde. Formaldehyde was found in the field blank at levels approximately 30 
times the reporting limits. This indicates potential contamination of the DNF” impinger 
solution or contamination of the sampling apparatus during equipment preparation. This 
substance also was found in the flue gas samples collected at the baghouse inlet and 
outlet locations; however, concentrations in the samples were five to six times lower than 
concentrations in the field blank (approximately 23 pg in the samples versus 156 pg in 
the field blank). Since the results for the field blank are high and only one set of flue 
gas samples could be collected, the results for both the inlet and outlet gas samples 
should be considered questionable. 

Analytical Quality Control 

Analytical quality control procedures included instrument calibrations, instrument QC 
check samples, system and analytical method blanks, spiked samples, and duplicate 
analyses. 
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Table D-3 

Elements Present in the Metals Train Filter Plus Probe/Noule 
Rinse Field Blank at Greater than Five Times the 

Instrument Reporting Limit 

Element 

Aluminum 
cadmium 
calcium 

Iron 
Lead 
Nickel 
Silicon 

sodium 

Strontium 
zinc 

Amount 
(Total cg) 
1010 
3.04 
1780 
50.4 
1.52 
99.8 

234,000 

4290 
350 
21.6 

Instrument 
Reporting Limit @g)' 

20 
050 
100 
4.0 

0.30 

2.0 
100 
100 
0.30 
2.0 

'Based on instrument reporting Limit concentration and 100 mL dissolution volume of solids. 
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lnswument Calibrations. Standards of known concentration were used to prepare 
calibration standards for use in calibrating a particular instrument before conducting the 
sample analysis. Instrument calibrations were performed according to the specifications 
listed in Table D-2. 

lnswument QC Check Samples. One type of standard analytical QC check performed 
during this project was to analyze one or more applicable standards obtained from an 
independent source before analyzing any of the samples. This was done to verify the 
acceptability of the calibration w e  data. If the concentration of the independent 
calibration QC sample, as determined from the analysis, matched the reported concen- 
tration within the value listed in Table D-2, analysis of the samples proceeded and the 
calibration curve data were used to determine the concentration of the samples. But, if 
the independent calibration standards was outside the acceptable limit off  lo%, a new 
set of calibration standards was prepared and the above process was repeated until an 
acceptable calibration w e  was generated. 

Mefhod Blank Method blanks were analyzed for each type of sample matrix to 
monitor contamination in the analytical system and the reagents used to prepare 
samples. Results for method blanks were acceptable with the following exceptions: 

Sodium was reported in the method blank for bottom ash and fly ash major metals 
analysis performed by the lithium borate digestion procedure. A sodium concentra- 
tion of 14,770 pg/g was reported which is significantly greater than the reporting limit 
of 1,000 pg/g. 

Spiked Samples. Another standard analytical QC check performed during this program 
was spiking a sample or spiking a blank reagent with the species of interest before 
analysis. Spiked samples are referred to as matrix spikes and spiked blank reagents are 
termed method spikes. Results of the analysis of the spiked and unspiked samples are 
used to determine the percentage of the spike recovered f?om the sample, thus providing 
an indication of the accuracy of a particular analytical method. Problems in recovering 
the mass of the species spiked into a particular sample usually indicates an error on the 
part of the analyst or the presence of matrix effects when using that analytical method. 
Method spikes provide an indication of contamination in the reagents used to prepare 
the samples or problems in recovering a particular species from the blank reagent. 

Samples to be spiked were randomly selected (10% of all samples). The acceptance 
criteria for spike recoveries, listed previously in Table D-2, varied depending on the type 
of analysis. The acceptance criteria are applicable for larger sets of spike recoveries and 
not any individual recovery value. However, poor individual recoveries are used as an 
indication of possible bias. (The reverse is not true; good spike recovery for an individu- 
.,’ spike does not ensure the absence of bias.) Spike recoveries greater than the upper 
rmtrol limit indicate a potential high bias in the sample results, while recoveries less 
than the lower limit indicate a possible low bias. Spike recoveries which were outside 
control limits are listed in Table D-4 and discussed below. 
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Table D-4 

Summary of Spike Recoveries Which Were Outside Control Limits 
(Matrix Spikes and Method Spikes) 

Sample Analytical 
Twe/Substance Method' 

Metals Train (front halnb 
Selenium 
cadmium 
Potassium 

Limestone Metals' 
Boron 
Cadmium 
Nickel 
Zinc 

Arsenic 
Lead 
Selenium 

Bottom Ash Metals' 
Silver 

Flv Ash Metals' 
Antimony 
Boron 

GFAAS 
Perchloric, ICP-AES 
Perchloric, ICP-AES 

Perchloric, ICP-AES 
Perchloric, ICP-AES 
Perchloric, ICP-AES 
Perchloric, ICP-AES 

GFAAS 
GFAAS 
GFAAS 

Perchloric, ICP-AES 

Perchloric, ICP-AES 
Sodium Carbonate, 

ICP-AES 

Acceptable 
Recovery 
m 
75-125 
75-125 
75-125 

75-125 
75-125 
75-125 
75-125 

75-125 
75-125 
75-125 

75-125 

75-125 
75-125 

Spike 
m 
66 
62 
150 

63 
72 
74 
66 

141 
9od 
29 

9 9  

75 
96* 

'GFAAS = Graphix furnace atomic absorption spectroscopy. 
Perchloric acid = Perchloric add digestion procedure followed by ICP-AES analysis. 
Sodium carbonate = Sodium carbonate fusion followed by ICP-AES analysis. 
IC = Ion chromatography. 
8270 = GC/GC MS analysis according to Method 8270. 

'Results of method spike and method spike duplicate. 

'Results of matrix spike and matrix spike duplicate. 

"Result within acceptable h i t s ,  shown for comparison. 
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Spike 
Duplicate 
B 

50 
68 
159 

70 
76 
79 
70 

93* 
71 
29 

62 

72 
78 
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Elements. Method spike and method spike duplicate recoveries were low for 
selenium (analyzed by GFAAS) and cadmium in the method blank associated with 
analysis of the front half metals train samples. This indicates that concentrations 
reported for these elements in the front half samples collected at the inlet and outlet 
gas locations may be biased low. Method spike results for potassium were high 
indicating a possible high bias for potassium analyses in the front half metals train 
samples. Manix spike recoveries that were outside control limits for metals analyses 
in limestone samples are summarized in Table D-4. A high recovery was reported 
for arsenic (by GFAAS) in one of the two analyses. Recoveries were low for 
cadmium, lead (by GFAAS), nickel, and selenium (by GFAAS). 

Surrogate Spiked Samples. All Mh45 samples for semivolatiles were spiked with 
surrogate compounds. Mh45 samples were spiked in the lab before analysis. The 
following compounds were used as surrogate spikes (control limits are shown in 
parentheses): 

MM5 Semivolatiles-2-fluorobiphenyl (30 to 115%), 2-fluorophenol(Z to 121%), 
nitrobenzene-d5 (23 to 120%), phenol& (24 to 113%), terphenyl-dl4 (18 to 137%), 
and 2,4,6-tribromophenol(l9 to 122%). 

MM5 surrogate recoveries were within acceptable limits for all compounds. 

Duplicate Analyses. Duplicate analyses are performed to measure the precision of the 
analytical method. Random duplicate analyses (10% of samples collected) were usually 
in the form of matrix spike duplicate analyses (MSD). Duplicate analyses of a coal 
sample were performed since MS/MSD analyses are not appropriate for NAA analyses. 
Results from duplicate analysis are used to track the ongoing precision performance of 
the laboratory. 

where: X, = the result of the first analysis; and 

& = the result ol the second analysis. 

Acceptance criteria for duplicate analyses, listed previously in Table D-2, varied depend- 
ing on the type of analysis. Analyses which did not meet acceptance criteria are 
summarized in Table D-5 and discussed below. RPD for all other duplicate analyses 
were within acceptable limits. 

Elements. The results of the method spike and method spike duplicate were used to 
assess the precision of the analyses for the front and back half metals train samples. 
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The RPD for selenium analyses (by GFAAS) in the front half method spikes was 
slightly outside the acceptable limit of S 20% (RPD=27%). 

Coal samples were analyzed in duplicate by neutron activation. Predsion was within 
acceptable limits for all elements with the exception of zinc (RPD = 24%). 

RPDs for arsenic (by GFAAS, RPD=41%) and lead (by GFAAS, RPD=24%) 
analyses in limestone samples were outside the acceptable limit of 5 20% based on 
the results of the matrix spike and matrix spike duplicate. 

RPDs calculated from MS/MSD metals analyses for bottom ash and fly ash were 
5 20 percent. Duplicate analyses were acceptable for both the perchloric acid and 
lithium borate digestion procedures. 

Anions. No duplicate or matrix spike/matrix spike duplicate analyses were per- 
formed for anions (fluoride, chloride, sulfate, and phosphate) in the inlet or outlet 
gas samples. 

Duplicate analyses of limestone, bottom ash, and fly ash samples indicate low 
precision for fluoride (RPDs >E%). RPDs calculated based on matrix spike/matrix 
spike duplicate analyses (MS/MSD) were within acceptable limits for all anions in 
solid samples. 

Duplicate Samples. Duplicate samples of coal, limestone, bottom ash, and fly ash were 
collected and analyzed to determine overall sampling and analytical variability. Al- 
though there are no prescribed acceptance criteria for duplicate samples, results were 
generally in close agreement (RPDs 5 20%). 

Additional Analytical QC Checks. In addition to the analytical QC procedures 
discussed above, QC checks were performed for the lithium borate and perchloric acid 
metals digestion procedure and the NAA coal analyses. Each of these is briefly dis- 
cussed below. 

Lithium Borate and Perchloric Acid Digestion. Lithium borate and perchloric acid 
(PAD) digestion followed by ICP-AES analysis was performed on the bottom ash and 
fly ash samples to determine the concentration of major elements (Le., a l h u m ,  
calcium, iron, magnesium, potassium, silicon, and titanium). Lithium borate digestion 
is considered the best technique for determining major element concentrations in this 
type of sample matrix. A reliable indicator of the data quality for both digestion 
procedures is the closure of the metal oxide balance for the sample. Tables D-6 and 
D-7 present the metal oxide content (determined by lithium borate digestion) of the 
bwtom ash and fly ash samples, respectively. The oxide content is calculated based 
on the assumption that these elements exist as metal oxides in the ash samples. 

Closures for the two bottom ash analyses (68 and 80%) and the two fly ash analyses 
(61%) are lower than expected, which suggests the major element data for these 
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Table D-6 

Calculated Element Oxide Content of Bottom Ash Samples 
Prepared by Lithium Borate Digestion Procedure 

Element 

Silicon 

Aluminum 

Iron 
Calcium 
Magnesium 

Potassium 

Sodium 

Sulfur 
Titanium 

Elemental Concentration Element Oxide 
(mgFg) Concentration (wt %) 

Bottom Ash Element Bottom Ash 
Bottom Ash Dunlicate - Oxide Bottom Ash Duplicate 

72,300 118,000 SiO, 15.50 25.20 
9 7 3 3  96,400 - 4 1 2 0 3  18.40 1820 

9,180 9,160 Fez03 1.30 131 

142,000 147,000 CaO 19.90 20.60 

4230 4,450 MgO 0.70 0.74 

5,540 5,660 K P  0.67 0.68 

0 0 Na20 0.00 0.00 

&020 2,090 TiO, - 0.34 035 
47,500 51,667 so3 11.90 12.90 

Total 68.60 80.00 

Undetermined 31.40 20.00 
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Table D-7 

Calculated Element Oxide Content of Fly Ash Samples 
Prepared by Lithium Borate Digestion Procedure 

Element 

Silicon 

Aluminum 

Iron 

Calcium 
Magnesium 

Potassium 

Sodium 

sulfur 
Titanium 

Flv Ash 

7 4 9 0  

8 ~ 0 0  

118,000 

98,468 

3,430 

3,950 

0 

30,000 

3,950 

Fly Ash 
Duolicate 

69,200 

96,939 

8,010 

115,Ooo 

3,360 

3,670 
0 

35,000 

3,830 

Total 

Elemental Concentration Element Oxide 
(mgFg) Concentration (wt %) 

Fly Ash 
Duolicate 

14.80 

18.30 

Undetermined 

F l v h  
15.90 

18.60 

1.17 

16.50 

0.57 

0.47 

0.00 
750 
- 0.66 

61.40 

38.60 

1.15 

16.10 

056 

0.44 
0.00 

8.75 

- 0.64 
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samples is biased low. Incomplete digestion of the solids is probably the reason for 
the low metal oxide closures. 

Element oxide data and concentrations for major elements determined by the 
perchloric acid digestion procedure are presented in Tables D-8 and D-9. The 
concentration of major elements in the bottom ash and fly ash are higher for the 
samples prepared by PAD compared to the samples prepared by lithium borate 
digestion. This indicates that the PAD procedure provided a more complete diges- 
tion; therefore, analytical results from the PAD procedure were used in the material 
balance calculations (except for silicon). 

Results from the lithium borate digestion procedure were used for silicon since the 
perchloric digestion procedure is not designed to measure silicon quantitatively. The 
low silicon concentration also explains the low closure of the metal oxide balance for 
the PAD results. 

NBS Coal Standards. One National Bureau of Standards (NES) coal standard was 
analyzed in conjunction with the coal samples as a QC check for the NAA procedure. 
All element concentrations determined by NAA analysis of the NBS standard were 
within the limits specified for the standard as shown in Table D-10. 
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Table D-8 

Calculated Element Oxide Content of Bottom Ash Samples 
Prepared by Perchloric Acid Digestion 

Elemental Concentration Element Oxide 
(mgFg) Concentration (W 9’0) 

Element 

Silicon 

A l U m i n u m  

Iron 
calcium 
Magnesium 

Potassium 
Sodium 

Sulfur 

Titanium 

Bottom Ash 

5 15 
105,032 
10,017 
150,144 
4,879 
6,596 
3,638 
19,860 
2,181 

Bottom Ash Element 
Duolicate - Oxide 

2,868 SiQ 

106,590 4 0 3  

10,320 FelQ 
154,379 CaO 

4,983 MgO 
6,770 Y O  

3,730 N%O 
243 14 SQ 

2,227 TiQ 
Total 
Undetermined 

D-20 

Bottom Ash 

0.11 
19.80 
1.40 
21.00 
0.8 1 
0.79 
0.49 
5.00 
- 0.36 
49.80 
50.10 

Bottom Ash 
Duolicate 

0.61 
20.10 
1.50 
21.60 
0.83 
0.82 
050 

5.10 
L 0 37 
5 1.40 
48.60 
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Table D-9 

Calculated Element Oxide Content of Fly Ash Samples 
Prepared by Perchloric Acid Digestion 

Elemental Concentration Element Oxide 
(mgFg) Concentration (a 96) 

Element 

Silicon 
Aluminum 
Iron 
Calcium 

Magnesium 
Potassium 

Sodium 

Sulfur 
Titanium 

Flv Ash 
332 

109,368 
9,329 

131.518 
4,066 
4,888 
2,996 
13,727 
4,341 

Fly Ash Element 

2,963 SiQ 

Duolicate - Oxide 

11 1,332 A12Q 
96 Fe2Q 

134,085 CaO 

4,119 Mgo 
4,903 %O 
3,073 N%O 
14,078 SQ 

4,456 TiQ 
Total 
Undetermined 

D-21 

Flv Ash 

0.07 
20.70 
1.30 
18.40 
0.67 
0.59 
0.40 
3.40 
- 0.72 
46.30 
53.70 

Fly Ash 
Duolicate 

0.63 
21.00 
0.01 

18.80 
0.68 
059 
0.4 I 
352 
- 0.74 
46.40 
53.60 
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Table D-10 

Analyses of NBS Coal Standard by NAA 

Cerl l f ied ~~ 

NBS SRM Error 
1632-A Cenlfied ValUBs Limil 

FCEM E l e r n e  

Arsenic 
Barium 
Beryllium 
Cadmium 
Chlorirle 
Chromium 
Coball 

Fluoride 
Led 
kenoanese 
Mercury 
Molybdenum 
Nickel 
Phosphorous 
Vanadium 

______._.__. 

AddiUonal Elements 

Aluminum 
Anllmony 
Boron 
Calcium 
iron 
Lithium 
Magnesium 
Polassium 
Solonium 
Si, ':an 
Silver 
Sodium 
Srronlium 
Tin 
Titanium 
Zinc 

--_____._-._ 

8.621 2 
122.1 1 

N4 
c 4.2625 

765.18 
34.803 
6.8177 

c 25 
N4 
N4 

28.08 
c 0.25 
c 2.3237 
c 33.963 

N4 
44.098 

29679 
0.6207 

N4 
2452.3 
11  285 

N4 
1t57.0 

N4 
2.6457 

N4 
1.52 

856.6 
N4 
N4 

1641.10 
24.892 

NA-not analyz.sd 
NS-No1 SpedRed 

D-22 

9.3+1- 
120+ / -  
N4 

0.17+/-  
756+1- 
34.3+/- 

6.7+1- 
16.5+/- 
NA 
M4 
20+ / -  

' 0.13+/- 
ts 

18.4 +I- 
NA 
* *+ I -  

29500 +/-  
0.6+1- 
N4 

2410+/- 
1 11 DO+/-  

NA 
1150+1- 
N4 
2.6+1- 
NA 

0.30+ I -  
820+1- 
NA 
tu 

1630.00+1- 
20+/-  

1.00 
15.00 

0.02 
30.00 

1 .50 
0.40 

10.00 

2.00 
0.03 

1.00 

3.00 

1000.00 
0.05 

170.00 
200.00 

225.00 

0.70 

w 
77.00 

130.00 
2.00 
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For most of the metallic elements of interest to this program, small traces are present in 
both the reagents and filter media used in sampling and analyses. Consequently, we 
routinely use a blank correction in the calculation of gas stream concentrations for 

metals and anions. Semivolatile gas analyses have not indicated the presence of 
semivolatile organic compounds in the b l a h .  Aldehyde samples occasiondy require 
blank correction. In the following tables, the mass or concentrations are presented for 

those substances reported in the blank. The ratio of the blank value to the measured 
value is then calculated. Measured values which are equal to or greater than 50% of the 
blank values are denoted with a "B". As shown in Appendix D, for the large majority of 
substances, the blank levels reported are within five times of the reporting limit indicat- 
ing that the substance levels in the reagent and filter media are low. 

Table E-1 presents (1) the probe and nozzle rinse and filter blank, and (2) anion 
corrections for Site 10. Nine substances were reported in the blanks. Of the 17 values 
which were blank corrected, corrections of 50% or more were made to the levels of 
arsenic, cadmium, fluoride, lead, molybdenum, nickel, and phosphorus measured in the 
stack. Cadmium was the only substance with a blank correction of greater than 50% in 
the baghouse inlet gas. 

Table E-2 presents the metal impinger blank corrections for Site 10. Three metals 

(chromium, lead, and manganese) were reported in the blank impinger solution. The 

blank correction was less than 50% for lead and manganese in both the baghouse inlet 
and stack gas streams. Blank corrections for chromium were greater than 50% for both 

gas streams. 

Table E-3 presents the aldehyde blank corrections for Site 10. Levels of acetaldehyde 
and formaldehyde in the blank were five to six times the levels found in the flue gas 

samples; therefore, blank corrections were greater than 50% for all four measurements. 
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