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Electricpower 
Researchbrstitute Leadership in Electrification through Global Collaboration 

October 27,1994 

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

Dear Mr. Maxwell 

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

This site report presents a preliminary summary of data gathered during a 
sampling program conducted at one of the FCEM sampling programs - Site 121. 
Site 121 consists of an 330 MW boiler burning natural gas. NOx controls are the 
only air pollution control devices at Site 121 and include flue gas recirculation 
(FGR), overfire air (OFA) ports, and off-stoichiometric firing utilitizing 
burners-out-of-service (BOOS). 

The Site 121 sampling and analytical plan included some differences from the 
standard sampling and analytical plans at other FCEM sites. Specifically, the 
California Air Regulatory Board (CARB) methods were used to sample for the 
volatile organic compounds (VOCs) and the polycyclic aromatic hydrocarbons 
(PAHs). In the multi-metals trains, the filter and associated rinses were 
combined with the impinger fractions in order to obtain lower detection limits 
- thus only total metal concentrations are available, instead of differentiating 
between particulate and vapor phase concentrations. Most of the metal values 
reported had significant background levels in the filters, making these values 
questionable. 

Headquarters: 3412 Hiliview Avenue, Post Office Box 10412. Pal0 Alto. CA 94303, USA * (415) 855-2000 - Fax: (415) 655-2954 
Washington oftice: 2WO L Street. NW. Sune 805. Washington. DC 20038, USA (202) 872-9222 *Fax: (202) 293-2697 



The primary objective of this report is to transmit the preliminary results from 
Site 121 to the EPA for use in evaluating select trace chemical emissions from 
fossil-fuel-fired steam generating plants. I t  should be noted that the results 
presented in this report are considered PRELIMINARY. As additional data 
from other sites are collected and evaluated, EPRI may conduct verification 
tests at this site. If this is done, the new data will be made available to the 
Environmental Protection Agency (EPA). 

In addition to the raw data in the Appendix, the report provides an assessment 
of the material balances, discusses the data quality, identifies suspect data, and 
offers possible explanations for the questionable data. This report does not 
compare the results from Site 121 with the results from previous utility sites. 
Nor does this site report attempt to address the environmental and health risk 
impacts associated with the trace chemical emissions. 

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

Sincerely, 

Paul Chu 
Manager, Toxic Substances Control 
Environmental Control Business Unit 
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ABSTRACT 

This report is one of a series sponsored by the Electric Power Research Institute in the area of 
trace substance emissions from fossil-fuel power plants. This report presents the results of a 
sampling and analytical study to characterize trace substances emissions at Site 121. Site 121 
is a natural gas-fired boiler. The NOx controls are the only air pollution control devices at Site 
121 and include flue gas recirculation, overfire air, and off-stoichiometric firing utilizing burners- 
out-of-service. 

The objective of this report is to transmit the detailed data to the U.S. Environmental Protection 
Agency (EPA) to assist the Agency in evaluating utility trace chemical emissions as well as the 
associated health risk impact- mandated in Title III of the 1990 Clean Air Act 
Amendments. This report does not attempt to compare the results with other sites. An 
assessment of data from all plants that have been tested is presented in the Electric Utility 
Trace Substances Synthesis Report (EPRI TR-104614). 
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SECTION 1.0 

INTRODUCTION 

1.1 BACKGROUND AND OBTECTZVES 

This report summarizes data gathered by Carnot at a power plant designated Site 121 for 
a program sponsored by the Electric Power Research Institute 0, the Gas Research Institute 
(GRI) and the host utility. The objective of the Field Chemical Emissions Monitoring Project 

sponsored by EPRI is to measure the concentrations 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. Enviromental Protection Agency 
@'A) to use to study emissions from fossil fuel f d  power plants, as mandated by the Clean 
Air Act Amendments (CAAA) of 1990. This report summ&s fuel and stack gas concentration 
data measured during the operation of an opposed-fhd boiler firing natural gas. Sampling was 
conducted during April 1993. 

Table 1-1 lists the substances of interest to the FCEM project which were measured at 
Carnot conducted the testing and has prepared this report using the following Site 121. 

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 QNQC results were compared with data quality objectives to evaluate 
precision and accuracy. 

0 

Results are presented for each substance by individual run and as an averaged total. To 
demonstrate data variability, the 95 96 confidence interval about the mean is also presented. The 
confidence interval incorporates the combmed process, sampling, and analytical variabilities. 

1.2 SAMPLING AND ANALYSIS PROTOCOL 

The sampling and analysis protocol for Site 121 is described in Appendix A. The FCEM 
program has attempted to employ standard sampling and analytical procedures when possible. 
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TABLE 1-1 
FCEM SUBSTANCES OF JNTERFST 

SITE 121 

Arsenic 
Barium 
Beryllium 
cadmium 
chromium 
Cobalt 

copper 
Lead 
M;mg;mest 
Mercury 
Molybdenum 
Nickel 
SelCUiUm 

Phosphorus 
Vanadium 

Additional Evaluations: 

VOCs (benzene, toluene and formaldehyde) at 37% of full load condition and at air prcheater inlet 0, levels 
of 3.15, 2.69 and 5.66%. 
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The methods used are comparable to those used at other FCEM sites with the following 
exceptions: 

Benzene and toluene samples were collect& in Tedlar bags according to 
California Air Resources Board (CARB) methodology nther than using VOST 
sampling. At the time of sampling, there were some concerns with the VOST 
method. Previous experience indicates that Tedlar bag sampling gives adequate 
results. 

Exhaust gas metals were determined as the total per sample train rather than 
differentiating between particulate and vapor phase metals. 

PAH and PCB were collected and analyzed according to CARB methodology. 
These samples were analyzed using isotope dilution methodology by high 
resolution gas chromatogxaphyllow resolution mass spectrometry with selected ion 
monitoring (HRGC/LRMS-SM). 

Triplicate on-line measurements of natural gas composition (major hydrocarbons 
plus 02, H,O, He, H,, N,, CO,, CO, H2S, COS) and heating value were 
performed for EPA Method 19 F-factor calculations. Additional single samples 
were taken for analysis of trace elements and species. 

1.3 Q U m  ASSURANCE/QUAL.ITY CONTROL 

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 121 indicate that the sample results are well 
characterized. An evaluation of the accuracy, precision, and bias of the data, even if only 
qualitative, is considered to be an important part of the data evaluation. A full discussion of 
each of these components of quality can be found in Section 5.0. 

Standad QNQC checks for this type of sampling program involve the use of: (1) 
duplicate field samples and lab analyses, matrix spike and lab control duplicates and replicate 
tests to determine precision; (2) matrix spikes, sukgate spikes, and laboratory control samples 
to determine accuracy; and (3) field blanks, trip blanks, method blanks, b d  reagent b W  to 
determine if any of the samples were contaminated during collection or analysis. Most of these 
standard QNQC checks were used on samples from Site 121. Some QNQC checks do not 
apply to some types of analyses; for example, surrogate spikes do not apply to metals analysis. 
The absence of any of these "standard" @ty control checks from the Site 121 report does not 
necessarily reflect poorly on the quality of the data but does limit the ability to measm the 
various components of measurement error. 
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1.4 DATAQUALITY 

The available Q N Q C  results were compared to the data quality objectives shown in 
Section 5.0. Q N Q C  results outside the data quality objectives are. noted and discussed, other 
quality assurance values are. evaluated, and the potential effect on data quality is noted. The 
detailed information presented in Section 5.0 supports the conclusion that the data quality 
objectives were met with the following exceptions: 

’ 

0 There is a concern with the determjnation of arsenic in the exhaust gas samples. 
Precision of duplicate analyses was 61% RPD. Because the arsenic 
concentrations were low, blank levels were significant cornpanxj to the sample 
values. Laboratory blank c o d o n s  were 22 % of the unto- value. Field 
blank levels were 73% of the uncorrected sample values. 

Metals run 2 was invalidated because the concentrations of chromium, copper and 
nickel indicated field contamination at 750, 940 and 410 pg/train, respectively. 
The entire run was invalidated since the results of these three trace metals 
indicated contamination of the sample. 

Because of low emissions expected from a gas-fued source, the interpretation of 
field blank levels becomes more difiicult. Field blank levels were greater than 
50% of uncorrected sample values for arsenic, lead, manganese, molybdenum and 
phosphoms. The only metals results where field blanks levels do not significantly 
affect the interpretation of emission values are barium, chromium, copper, nickel 
and vanadium. 

The results of the toluene analysis from VOC run 3A were not included in the 
average result. This sample mntained 250 pglNm’ of toluene compared to an 
average of 18 pg/Nm3 for runs 3B and 3C. Contamination of sample 3A was 
considered likely. 

Formaldehyde results may be biased high as indicated by field blank levels. 
Three of six field blanks were higher than the sample values. Individual field 
blanks ranged from 3960% of the uncolzected sample values. Although the 
precise extent of this bias cannot be assessed, it can be i n f e d  from the field and 
trip spikes which, although they were within the method specification of 60- 
140%, had recoveries of 140 and 131 %, respectively. 

0 

0 

a 

0 

1.5 REPORT ORGANIZATION 

Section 2.0 of this report briefly describes the plant and the sample lmtions. 
Section 3.0 discusses the results of the chemical analysis of the ~ t u d  gas and flue gas streams. 
Section 4.0 discusses the results from additional tests conducted to determine the effect of unit 
operation on VOC emissions. Section 5.0 presents Q N Q C  and engineering evaluations of the 
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data. Section 6.0 presents example calculations, and a glossary of terms is provided in 
Section 7.0. The appendices contain information on sampling and analytical methods, stream 
concentrations, sampling data, process operation, enur propagation equations, and detailed 
QNQC data. 

. .  
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SECTION 2.0 

SITE DESCRIPTION 

This section presents a description of the test site, designated Site 121, and the sampling 
locations at this site. 

2.1 FA- INFORMATION 

The boiler at Site 121 is a Babcock & Wicox @&W) opposed-fired boiier rated at 330 
M W  gross. This forced& boiier is a double-reheat design and is capable of firing either 
natural gas or low-sulfur residual fuel oil. Tests were performed only on natural gas. Fuel oil 
had not been fired for at least one and one half years prior to this test program. Table 2-1 
s u m m h  the coufiguration of the unit at Site 121. F i g k  2-1 presents a process flow 
diagram of Site 121. 

NO, controls are the only air pollution control devices installed at this facility. NOx 
controls installed at Site 121 include flue gas recirculation (FGR) to the furnace hopper, overfire 
air (OFA) ports above the top burner rows on the two walls, and off-stoichiometric f h g  
utilizing burners-out-of-service (BOOS). During BOOS operation, the gas flow to the selected 
burners is shut off, but the air registers remain wide open. The local NO, limit at Site 121 at 
the time of the test program was 125 ppmc @pm corrected to 3% OJ. 

2.2 SAMPLJNG LOCATIONS 

Samples were taken from two process streams: the natural gas fuel and the exhaust gas. 
Figure 2-1 identifies the three sampling locations used for the test program. 

A brief description of each sampling location follows: 

s Natural gas was the only fuel stream sampled. Samples were collected at the 
main plant gas header, which supplies natural gas to several boiders, including 
Site 121. Due to sampling constraints, the gas stream specific to Site 121 could 
not be sampled. Gas at the main gas header, however, should be representative 
of the gas flow to Site 121. 

NO,, CO, O2 and CO, were continuously monitored through a 16-point probe 
array installed in the air preheater inlet duct. 

s 
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TABLE 2-1 
SITE 121 CONFIGURATION 

BOILEk 
Maximum Gross Electrical Output, MW 
Boiler Type 
NO, Emission Limit, ppm at 3% O2 
NO, Controls 

Fuel Type 
Fuei Methane Content, mole%(') 
Fuel Heating Value, Btulscf at 68°F') 

330 
opposed-fd 
125 
Hopper FGR 
Overfire Air Ports 
Off-Stoichiometric Firing 
(BOOS) 
Natural Gas 
95.5 
998 

~~ ~~ 

(1) Average values r n d  during sampling. 



SITE DESCRIPllON 

EPRl Licensed Material 

8 

f 

SECl7ON 2.0 



~~ ~~ ~ ~~ 
~~ 

EPRl Licensed Material 

SITE DESCRIPnON 9 SECTON 2.0 

0 Total hydrocarbons (THC) were monitored at a single point in the air preheater 
inlet duct. 

Flue gas exiting the stack was the only discharge stream sampled. Flue gas 
samples were taken through four test porn installed on the stack. A total of 24 
points were sampled for isokinetic tests according to EPA Method 1. 

0 

The procedures used for collecting, pretmting, and analyzing the samples from Site 121 
are discussed in Appendix A. Table 2-2 presents an overview of the types of analyses 
performed on these streams. 

2.3 PROCESS OPERATION DURING TESTING 

The base PISCES test program (Runs 1 ,2  and 3) was conducted at nominal full load. 
Average load during th is  base testing was 334 gross MW with normal boder Oz levels. Oxygen 
levels measured at the air preheater inlet averaged 2.85 % for the three runs. AU controls were 
operated in manual control, with the exception of the fml steam temperature, superheater spray 
\,“1.. ,.e a d  f m d  draft fan controls. 

AU NO, controls were in Operation for the base tests, and the average NO, emissions 
were 99 ppmc (ppm corrected to 3 76 03, or 1.12 1blMW-hr. FGR was at normal conditions, 
the overfii air ports were fully open, and there were 10 BOOS. 

Three additional tests (Runs 4,5 and 6) were conducted to determine the effect of unit 
operation on VOC emissions. All three tests were conducted at minimum load, averaging 123 
gross MW. However, boiler O2 levels were varied for each of the tests with n o d ,  low and 
high Oz levels used for tests 4, 5, and 6, respectively. Oxygen levels, measured at the air 
preheater inlet, were 3.75, 2.69 and 5.66% for Tests 4, 5 and 6. As with the base tests, a l l  
controls were opemted in manual control, with the exception of the fml steam temperature, 
superheater spray valve and forced draft fan controls. 

All NO, controls were in operation for these additional tests, with normal FGR levels and 
overfire air ports fully open. For all  three tests, there were 8 BOOS. Test 4 (normal 03 
produced NOx emissions of 57 ppmc (0.72 lb/Mw-hr). Test 5 (low 03 pmduced N0,emissions 
of 46 ppmc (0.57 1blMW-hr). Test 6 (high 03 produced NO, emissions of 80 ppmc (1.0 
IbW-hr ) .  

Further discussion of the process opexation is provided in Section 5.1. Appendix E 
contains the process operation data. 
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TABLE 2-2 
PROCESS STREAM ANALYSES PERFORMED 

Semi-volatile Volatile 
Metals"' organics" orgauics~' Composition(') 

Natural Gas J J J J 

Flue Gas J J J 

(1) Flue gas mcrals include the target spccies arsenic, barium, beryllium, cadmium, chromium. cobalt, copper, 
I d ,  manganese., mercury, molybdenum, nickel, phosphorus, selenium and vanadium. Metals analysis in 
nMlral gas include the target spccies nrsenic and memury. 

(2) Semi-Volatile Organics include nineteen PAH and mono - through decachlorinatcd PCB isomer p u p s .  
0) Volatiis Organics include benzene, toluene, and formaldehyde. 
(4) Composition for nMlral gaa analysis  include.^ hydrocarbons, non-hydrocarbons (4. KO, He, &, &. C q ,  

CO, NO, NO>, sulfur compounds, oxygenated compounds, nitrogen compounds, halocarbons, radon and 
higher heating value. 
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SECTION 3.0 

RESULTS 

This section summarizes the data collected at Site 121 during the base test p r o w  with 
the unit operating at full load with normal O2 levels. Because the focus of this report is on 
exhaust gas emissions, only natural gas characterization data and flue gas stream data are 
presented here in detail. VOC data collected during the unit operation tests are summarized in 
Section 4.0. Sampling, pqantion and analytical methods are su .JdinAppendixA. 
Detailed analytical data can be found in Appendices B and C. 

3.1 SAMPLINGSCHEDULE 

Sampling at Site 121 was performed in April 1993. Figure 3- presents the sampling 
schedule for the test program at Site 121. Test numbers have been assigned sequentially and 
a l l  tests conducted simultaneously have the same number. Additional designators indicate the 
sample bain type and sampling location. 

Four types of sampling trains were used to collect flue gas samples from the stack for 
the FCEM species of interest. These trains were: multimetals trains, semi-volatile organics 
trains, Tedlar bag samples for benzene and toluene and formaldehyde trains. Each multimetals 
and semi-volatile test required a full isokinetic traverse of the stack. Tedlar bag samples for 
benzene and toluene and formaldehyde samples were collected nonisokinetically at a single point 
in the stack. 

3.2 D A T A m T M E N T  

Several conventions were developed for treating the test data and developing average 
concentrations of substances in the natural gas and flue gas streams. The conventions used in 
this report are consistent with the PISCES FCEM data treatment procedures. 

3.2.1 Blank C o d o n s  

The individual run measurements were corrected for the reagent blank analysis when it 
was available and when it is allowed by the reference method. If a reagent blank was not 
analyzed or was considered nonrepresentative, the measurement was corrected for a laboratory 
blank. The laboratory blank is not exposed to field conditions and contains only the chemicals 
needed for analysis so it is expected to be lower than the reagmt blank. When the blank result 
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Figure 3-1. Sampling Schedule for Site I21 
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Figure 3-1. Sampling Scheahle for Site 121 (continued) 
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is equal to or greater than 50% of the uncolrected measurement, the concentration is flagged 
with a "B." When the blank correction results in a value less than the reporting limit, the 
concentration is presented as detected at the reporting limit. Generally, field blank analyses are 
used to provide information on sample collection conditions but not to correct the results. For 
this program, field blanks were not corrected from any sample results; however, they are 
presented for comparison with metals emissions. When the field blank is equal to or greater 
than 50% of the uncorrected measurement, the concentration is flagged with an "F." Laboratory 
blanks or reagent blanks were subtracted from results for some metals. Appendix H presents 
blank correction data and an example of how the blank Cqrrection contribution is calculated. 

3.2.2 Average Concentrations 

The following criteria were used to average data from the individual runs. 

0 When all values are above the reporting limit, the mean arithmetic concentration 
is calculated using the reported quantities. 

For results that include values both above and below the reporting limit, one-half 
of the reporting limit is used for values below the reporting limit to calculate the 
xa. For example: 

0 

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

By our convention, the calculated mean cannot be smaller that the largest 
reporting limit value. In the following example, the calculated mean is 2.8. This 
is less than the largest reporting limit, so the reported mean becomes ND(4). 

When all analytical results are less then the reporting limit, the presented value 
is the largest repoaing limit value expressed as "ND (the largest reporting limit 
value). 

3.2.3 Summation of Multiule Tmin Fractions 

Some sample trains, such as mercury in the metals tmin, are analyzed in multiple 
fractions. If all fractions were detected, the total emissions were reported as the sum of the 
measurements. If all fractions were not detected, total emissions were reported as not detected, 
less than the sum of the reporting limits of the fractions. If one or more, but not all fractions 
were not detected, the total is reported as the sum of the detected values and one-half of the 
reporting limit for the nondetected values. 
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3.2.4 Method Detection Limit and Rew rtine Limit 

The method detection limit (MDL) is defined by 40 CFR 136, Appendix B - Defdtion 
and Procedure for the Determination of the Method Detection Limit - Revision 1. It states, 
"The method detection limit (MDL) is defined as the minimum concentration of a substance that 
can be measured and reported with 99 % confidence that the analyte concentxation is greater than 
zero and is determined from analysis of a sample in a given matrix containing the analyte." The 
MDL is determined by seven replicate analyses of an analyte in a given matrix at one to five 
times the estimated MDL. It is calculated as: 

MDL = 3.143 S 

where: 

S is the standard deviation of the replicate analyses, and 

3.143 is the student "t" value corresponding to seven replicates with n-1 degrees of 

I 

freedom at the 99% codidence level. 

Additional criteria are imposed by the procedure for calculating subsequent method 
detection limits. In practice, the method detection limit can be impacted by variabiity in 
performing the analytical procedure, the sample matrix and the analyte concentration of the 
sample. Because the method detection limit may not completely specify the confidence an 
analytical laboratory has in reporting a result, a laboratory typically presents a reporting limit 
or quotitation limit. The numerical difference between the method detection limit as defined 
by the CFR and a labomtory's reporting limit v a r k  for different types of analyses and sample 
matrices but generally varies from the MDL value to approximately three times greater than the 
MDL. The values presented in this report are all  based on individual laboratories' stated 
r e p o h g  limits. Both the detection and the reporting limit are indicated by "ND' in this report. 

3.2.5 Assimunent of Bias and Unwr ta~~  .txEstimates 

In calculating the uncertainties that are presented in this report, procedures were followed 
that have been previously established for FCEM data treatment. This procedure involved 
calculating an overall uncertainty for each result using standard statistical techniques and known 
measurement biases. An ermr propggation analysis was performed on calculated results to 
determine the contribution of process, sampling and analytical variability, and measurement bias, 
to the overall uncertainty in the result. 

Example calculations and bias and unwrtainty estimates are presented in Appendix F. 
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3.3 N A W G A S  

This section presents the analytical results for natural gas samples. Natural gas sampling 
and analysis was performed by IGT Analytical. Natural gas sampling was performed on 
April 13, 1993, during Run 2. 

IGT conducted triplicate on-line measurements of natural gas composition (major and 
minor components) and higher heating value 0 for EPA Method 19 F-factor calculations. 
In addition to the triplicate composition and Hw analyses, IGT also collected several sample 
types for trace species analysis. These sample types included a whole gas sample, cryogenic 
sample trap condensate, a lean gas sample, particulate, pipeline condensate, sorbent tubes and 
pipeline deposits. These various samples were analyzed for trace species, including metals, 
oxygenated compounds, nitrogen compounds, halocarbons, sulfur compounds and radon. 
Analysis for trace species was only conducted once on these various sample types. 

Laboratory methods of analysis for many trace species have not been established for 
natural gas, so IGT has developed a number of internal analysis methods. Samples were 
screened initially by GClMS to determine which species were present, and then analyzed for 
those species using the procedures listed in Appendix A. 

Table 3-1 presents the natural gas analysis results for Site 121. Complete results are 
presented in Appendix B. As noted above, composition and higher heating value determinations 
were performed in triplicate, while trace species values reflect a single analysis. For those 
components determined using triplicate on-line analysis, an uncertainty at the 95 56 confidence 
interval is also shown in Table 3-1. The confidence interval is the range about the mean in 
which the true mean lies within a given probabiity. For instance, it is 95 56 certain that the true 
mean ethane value in the natural gas is b e e n  1.66 and 1.70 mole percent. 

3.4 FLUE: GAS 

Table 3-2 summarizes the concentration of the species in the flue gas emitted from the 
boiler. Additional data ;tre presented in Appendix B. For the metals results, the probe and 
nozzle rinse, filter and nitric acidhydrogen peroxide impinger catch were a l l  combined before 
analysis; therefore, the data represent the total (particulate plus vapor phase) mea l  concentration 
in the flue gas. The separate fractions were combined to lower the reporting limits. Mercury 
results were obtained by analyzing the perman- impinger solution and an aliquot from the 
front half and nitric acidhydrogen peroxide impinger solution. These results were added 
together to provide the total mercury concentration. 

Metals mn 2 was invalidated because the concentrations of chromium, copper and nickel 
indicated field contaminatiOn at 750, 940 and 410 pg/train, respectively. The entire run was 
invalidated since the results of these three trace metals indicated contamination of the sample. 

1 
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The total concentrations from the two remaining runs were averaged according to the 
convention outlined previously to obtain an overall mean concentration and the uncertainty at 
the 95% confidence interval. Appendix F contains detailed descriptions of bias estimates and 
uncertainty calculations. 

3.5 EMISSION FACTORS 

Table 3-3 presents mean emission factors, expressed as lb/10I2 Btu, for Site 121. 

The metals with the highest emission factors were barium, copper, molybdenum and 
phosphorus at 5.7, 1.2, 1.9 and 4.6 1b/lO1* Btu, respectively. Emission factors for the other 
metals ranged from 0.01-1.19 lb/lO1z Btu. 

Ofthe PAHtarget species, only naphthalene, phenanthrene and 2-methylnaphthalene were 
detected. Their emission levels ranged from 0.016-1.13 lb/1OIZ Btu. Other PAH species were 
not detected in the range of 0.003-0.028 lb/1012 Btu. None of the PCB isomer p u p s  were 
detected at levels ranging from 0.001-0.055 lb/1012 Btu. 

Toluene had the highest emission value of the volatile organic species at 13.3 Ib/lO1z Btu. 
Benzene emissions levels were 1.38 lb/10'2 Btu, and formaldehyde emission levels were 
5.9 lb/lO1z Btu. 
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TABLE 3-1 
NATURAZ. GAS ANALYSIS MIR SITE 121 

Parmeter Mean Uncertainty at 95% C.I. 

Fuel Flow Rate (Baseline), kscfhr at 68°F 
Moisture, ppm 

Helium, mole% 
Hydrogen, mole% 
Nitrogen, mole% 
Carbon Dioxide, mole% 
HHV, Btu/scf at 68°F 

Hydrocarbons, mole% (1) 

oxygen, PPm 

Methane 
Ethane 
Propane 
i-Butane 
n-Butane 
neo-Pentane 
i-Pentane 
n-Pentane 
C6 & Heavier 

3,072 
55 

5.0 
0.023 
0.002 
0.49 
1.76 
998 

95.5 
1.68 

0.351 
0.038 
0.055 

0.001@ 
0.02 
0.02 

0.032 

9.0 
NC 
NC 

0.004 
0.001 
0.08 
0.02 

1.4 

0.1 
0.02 

0.007 
0.0 

0.004 
NC 
0.0 
0.0 

0.004 

Aliphatics, ppm 
Cyclopentane 6 NC 
Hexanes 142 NC 
Methyl cyclopentane 19 NC 
Cyclohexane 26 NC 
Heptanes 59 NC 
Methyl cyclohexane 27 NC 
octanes 26 NC 
Nonanes 13 NC 
D-s 4.1 NC 
Undecanes 1.2 NC 
Dodecanes 0.8 NC 
Tridecanes 0.6 NC 
Tetradecanes O M @  NC 

ND( ) -species M* ddscUd ahthewlimit. (-4 
@ - apeeia detected at lcu than five times thc reporting limit. 
NC - Not calc~latcd; only am andpis pcrformsd for this species. 
NUCS: 
(I)  Raarha (with the exception of ooo1rnd~c) fm triplicate ohline fuel mn@tion anslyso prformcd mite. 

Q Other maala include: amimany, gcrmsnium, h, silicon. end tin. 
Q only  n qvalaarve or r c m i q ~ s  anayLsis can be pcrformcd ar thcsc clcmrm. 
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TABLE 3-1 feontiiued) _, ~~~ ~ 

NATURAL GAS ANkYSIS FOR SITE l21 

parameter M a  Uncertainty at 95% C.I. 

Aromatics, ppm 
Benzene 
Toluene 
Ethylbenzene 
Xylenes 
C3-benzenes 
Naphthalenes 
PAHS 

Sulfur Compounds, ppm 
Hydrogen sulfide 
Carbonyl sulfide 
Carbon disulfide 
Methyl mercaptan 
Ethyl mercaptan 
i-Propyl mercaptan 
n-Propyl mercaptan 
t-Butyl mercaptan 
Dimethyl sulfide 
Methyl ethyl sulfide 
Diethyl sulfide 
Methyl ethyl disulfide 
Diethyl disulfide 
Methyl i-propyl disulfide 
Ethyl i-propyl disulfide 
Ethyl n-propyl disulfide 
i-Propyl n-propyl disulfide 
Di-i-propyl disulfide 
i-Propyl t-butyl disulfide 
Ethyl t-butyl disulfide 
Di-t-butyl disulfide 
Thiophane 
Other target compounds 

Halocarbons, ppm 
35 meet  comuounds 

7 
6 

0.5 
3.2 
0.1 

ND(O.1) 
ND(0.02) 

ND(0.02) 
ND(0.02) 
ND(0.02) 
ND(0.02) 
ND(0.02) 
0.0263 

ND(0.02) 
ND(0.02) 
ND(0.02) 
ND(0.02) 
ND(O.02) 
ND(O.02) 
ND(0.02) 
ND(0.02) 
ND(0.02) 
ND(0.02) 
ND(0.02) 
ND(0.02) 
ND(0.02) 
ND(0.02) 
ND(0.02) 
0.03@ 

ND(0.02) 

ND(0.I) 

NC 
NC 
NC 
NC 
NC 
NC 
NC 

NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 

NC 
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TABLE 3-1 (continued) 
NATURAL GAS ANALYSIS FOR SITE 121 

Parameter Mean Uncertainty at 95% C.I. 

Nitrogen Compounds, ppm 
Ammonia ND(4) 
17 target compounds ND(O.5) 

Methanol 21 
Acetaldehyde NDU) 
Acetone W 1 )  
Other 14 targe3 compounds W 1 )  

Oxygenated Compounds, ppm 

ElementslCompounds 
Total Arsenic, kglm3 
Total Mercury, pg ld  
NO, ppm 
NOx, ppm 
Radon, pCiL 

Metals and Anion Precursors, ppm 
Cobalt (2) 
Copper (2) 
Lead (2) 
Nickel 
Selenium 
Phosphorus 
Chlorine 
Fluorine 
Bromine 
Other metals (3) 

4@ 
0 . m  

ND(O.1) 
1.2 
I@ 

ND(O.1) 
ND(0.05) 
ND(O.1) 

ND(O.05) 
ND(O.002) 
ND(O.01) 
ND(O.2) 

ND(1) 
ND(O.1) 

ND 

NC 
NC 

NC 
NC 
NC 
NC 

NC 
NC 
NC 
NC 
NC 

NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 

ND() - spsciw not daoclcd at the repotting limit. 
@ - spciesdeteded at lssathan five times the rrporring limit. 
NC - Not calculBsd; only OM d y s M  p e r f 4  for this .pcciw. 
NaeS: 
(I)  Rcsuhs (with the exception of noopmanc) horn triplicate e l i n c  fuel GompoJition d y z u  psrformcd ~naitc. 
(2) Only a qualirati.c or aomiquentitstive maybk UUI be prfonncd on thcso elnnmtl. 
0 0th maala include: d i m m y ,  g d m ,  iron, ailicon, and tin. 
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TABLE 3-3 
STACK GAS EMISSION FACTORS AT SITE 121 

Gas How, dscfm 629,869 
Fuel How Rdte, ksck at 68OF 3,072 
HHV, Badscf ai 68-F 998 

subapncc lb110'2 Btu U I I c e d I y  at 95% C.I. 

Maals 
ArssniC 0.20F 0.31 
Barium 5.7 16.5 
Beryllium ND(O.01) NC 
Cadmium 0.05 0.42 
Cbromium 1.08 5.5 
Cobalt ND(O.11) NC 
C W  1.2 4.4 
Lead OJ8F 0.094 
Mangnncsc 0.44F 0.60 
M m  ND(0.40) NC 
Molybdenum 1.9F 1 .o 
Nickel 1 3  4.2 
M&m ND(O.03) NC 
f i o s p h ~  4.6F 4.4 
Vanadium 0.46 0.62 

PAHS 
Naphlhl- 1.13F 0.98 
PbcfldbnC 0.016 0.050 
2-Mahybpblhlme 0.042 0.048 

N D ( 0 . q  
ND(0.004) 
ND(0.055) 
ND(O.001) 
ND(0.004) 
ND(O.OO1) 
ND(O.OO1) 
ND(0.001) 
ND(0.001) 
ND(0.003) 

1.38 
13.3 
5.9F 

NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 

1.56 
2.1 
1.9 
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SECTION 4.0 

UNIT OPERATION AND VOC EMISSIONS 

This section summarizes the data collected at Site 121 during tests conducted to determine 
the effect of unit operation (load and excess air) on benzene, toluene and formaldehyde 
emissions. Unit operation during these additional tests (Tests 4, 5 and 6) was discussed in 
Section 2.3, and the sampling schedule was included in Section 3.1. As with the results from 

Appendix A. Detailed analytical data can be found in Appendices B and C, sampling data are 
located in Appendix D and quality assurance measwments are summarized in Appendices G 
and H. 

the base test program, sampling, preparation and analytical methods are summanzed . i n  

4.1 TEST OVERVIEW 

In order to determine if emissions of volatile organic compounds are impacted by 
operating changes that impact the combustion process, tests were performed at minimum load 
with three levels of excess air (normal, low and high). Minimum load was selected as the 
alternate test condition since it is a common operating condition for utility boilers, and because 
it produces the lowest flame and furnace temperatures that would normally be observed in the 
boier. Excess air level was chosen as the variable to be changed for the minimum load tests. 
It is commonly controlled to minimize NO, emissions from utility boiers. Varying excess air 
levels or other parameters that impact NO, emissions at full load at Site 121 were not possible 
due to strict NO, emission limits for the boiler. 

Minimum load for these tests was 123 MW gross (37% of full load). Air preheater inlet 
O2 levels were 3.75,2.69 and 5.66% for normal, low and high O2 level tests, respectively. Unit 
operating data were collected once for each test condition. Detailed unit operating data are 
presented in Appendix E. 

4.2 FLUE GAS 

Table 4-1 presents the stack gas concentrations of benzene, toluene and formaldehyde for 
the three minimum load tests. For reference, the concenhations for VOCs during the base test 
program at full load are also included. 

The total concentrations from each run were averaged according to the convention 
outlined previously to obtain an overall mean concentration and the uncertainty at the 95% 
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confidence interval. Appendix F contains detailed descriptions of bias estimates and uncertainty 
calculations. 
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TABLE 4-1 
STACK GAS VOC DATA AT SlTE 121 

SubSDncdS&eam 
Uncatnimypt 

Avmec 95% C.I. 

VOC. ueMm, 

(334 Mw, 2.85% 0,) 
Full Lop4 No@ 0, 

BCazcnC 

Tolucnc 

FormalddIyde 

Minimum load, Normnl 0, 

BCnzcnC 

Toluene 

Formaldehyde 

(123 Mw, 3.75% 0,) 

Minimum Load, Loar 0, 
(123 Mw, 2.69% 03 

Bewxm 

Toluenc 
FamnlddIyde 

Minimum Load, High O2 
(122 Mw, 5.66% 03 

Bewxm 

Toluenc 
Fo~maldchyde 

2.9 

NR 
7.OF 

1 .w 
3.2 

7.2 

0.8@ 

1.- 

6.3F 

1.- 
3.2 

5.8 

1.5@ 

18.4 

9.1F 

&& 

1.7@ 

3.8 

6.7 

l.l@ 

3.2 

6.1F 

NA 

NA 
10.4 

1.3@ 1.9 

17.8 18.1 

7.8 8.0F 

1.3@ 

3 5  

7.0 

1 .w 
2.4 

6.2F 

1 .w 
3.2 

8.1 

2.1 

3.7 

2.6 

4.1 

3.4 

3.3 

2.5 

10.0 

1.4 

NC 

NC 

29.6 

F - Field bLnL exceded 50% of mmmcacd &t.- 
NR - Not nporccd; sample q p u m  to have kcn wntmktcd in field by SOIV~IW. 
NC - Not .XI*, only one run avrilablc. 
NA - Not .nillyrcd; TcmUlug .rrivedukbontory &t .nd w a ~  mt.nnlyzcd. 
Runs 3A, 38 .od 3C paformed during Run 3. Run 3A toluene result inv.lid.rsd. 
RUM 4A and 4B paformcd during Run 4. 
R m  5A and 5B performed during Run 5. 
Runs 6A and 6B performed during Run 6. 

I 
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SECTION 5.0 

DATA EVALUATION 

Several procedures can be used to evaluate the information developed during a field 
sampling progmm. In the case of Site 121, three methods were used to evaluate data quality. 
First, the process operation data were examined to determine if the unit operated at normal, 
steady-state conditions during the sampling periods. Second, the QNQC protocol for sampling 
and analytical procedures used at Site 121 (i.e., equipment calibration and leak checks, 
duplicates, blanks, spikes, standards, etc.) was evaluated. Site 121 QNQC date were compared 
with FCEM project objectives. Data quality was evaluated using QNQC measurements that 
assess bias, accuracy and precision, such as blauk measurement, matrix spike recoveries, 
sumgate recoveries, replicate NOS and labomtory control duplicates. Third, trace metal 
material balances were calculated around the boiler. Material balances involve the summation 
and comparison of mass flow rates in several streams often sampled and analyzed by different 
methods. Closure of material balance within an acceptable range can be used as an indicator 
of accurate results for the fuel and the boder outlet stream. 

5.1 PROCESS OPERATION 

Process operating data were examined to ensure that operation was stable during sampling 
periods. Measurements were taken from control mom instrumentation. Boder operating data 
were collected several times during each test. Table 5-1 shows the key unit operating 
parameters and conditions for the base test program. The coefficient of variation ( C y ,  defmed 
as the standard deviation of the measurements divided by the mean of the measurements, was 
calculated for each parameter to evaluate process variability over the three days of testing. 

Steady boiler operation was maintained during the base test program, as indicated by the 
low CVs for load, fuel flow, steam flow and boiler oxygen levels. 

5.2 SAMPLECOLLECTION 

Several factors indicate the acceptable collection of gas samples. Key components of the 
sampling equipment-pitot tubes, thermocouples, dry gas meters, and sampling nozzles-were 
calibrated before use in the field. Dry gas meter calibrations were checked at the end of 
sampling. These and additional periodic equipment calibrations are on f i e  at Carnot. The 
methods used to collect metals, PAH and PCB, and volatile organic compounds were comparable 
to those used at other FCEM sites. All sampling runs were welldocumented, and isokinetic flue 
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TABLE 5-1 
SUMMARY OF UNIT OPERATION 

SITE 121 

Date 4112193 4/13/93 4/14/93 M W  CV"' 

Unit Load, MW gross 333.6 334.0 334.2 333.9 0.1% 

AirFlow, 96 97 96 97 97 0.6% 

Fuel Cas =.ow, kscfh at 60°F 3,022 3,025 3,029 3,025 0.1% 

Steam flow, kpph 2,000 2,OOO 2,000 2 , m  0% 

02, % AIB (economizer outlet) 2.711.9 2.511.9 2.712.2 2.612.0 45619% 

opacity, <2  <2 <2 <2 0% 

(1) The coefficient of variation (CV) is tho standard deviation divided by Iha mean. 
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gas samples for the base test progxam were collected at rates between 95 and 105 % isokinetic. 
Typical flue gas conditions at full load were 6.28% oxygen, 15.1 56 moisture, 271°F and flow 
rates of approximately 630,000 dscfm. The values are typical of a natural gas-fired utility boiler 
of this size and design. 

Sufficient data were collected using standard sampling and analysis methods to ensure 
acceptable data completeness and the comparability of measurements for PAHs, PCBs and 
VOCs. However, one of the three metals runs conducted was invalidated, so the completeness 
objective for metals sampling was not met. Major differences from other FCEM programs were 
that benzene and toluene samples were collected according to CARB Method 410A in Tedlar 
bags and formaldehyde samples were collected non-isokiaetically according to CARB 
Method 430 in midget impingers containing 2,4-dinitrophenyhydrazine. 

Flue gas exiting the stack was sampled using four horizontal sample poxts on the stack. 
A total of 24 points were sampled for each isokinetic test. The plane of the sample poxts was 
2.6 stack diameters downstream of the stack breachings and 6.2 stack diameters from the top 
of the stack, thus meeting EPA Method 1 requirements for minimum distances from flow 
disturtJances. 

Natural gas samples are considered to be representative of the gas frred during the flue 
gas sampling. Each natural gas sample analyzed for F-factor calculations was a grab sample 
collected at three times spanning one of the baseline testing days. 

Calculated exhaust gas flow rates were used for this site. The flow rates are calculated 
using natural gas usage and fuel F-factor as follows: 

Flow rate (dscfm) = fuel usage (sd/hr @ 68°F) x HHV (Btu/scf @ 68°F) x 
F-factor (dscf/MMBtu @ 0% OJ x 
MMBtdl06 Btu x 1 hr/60 min x (20.9/(20.9 - WOJ) 

where: HHV = 998 Btulscf @ 68"F, and 
F-factor = 8,618 dscf/MMBtu @ 0% 02. 

This calculation was used to determine exhaust gas flow rates because it was subject to 
less unce&ty than the flow rates determined by S-type pitot traverse measurements. The 
natural gas fuel usage was determined from control mom instrumentation. On average, the stack 
pitot traverse flow rate results were 6.5% higher than the F-factor flow rates. 

Details on sample collection are contained in AppendixA (sampling and aualy?ical 
Process stream flow rates and conditions during testing are presented in summary). 

Appendix D. 
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5.3 EVALUATION OF MEASUREMENT DATA QUALTI"Y 

An evaluation of the quality of the measurement data is based on quality control data 
obtained experimentally during sampling and analysis. Genedy, the type of quality control 
information obtained that pertains to measurement precision, accuracy, and blank effects, is 
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 QNQC measures commonly used as part of the 
FCEM data assessment protocol, and the characteristic information obtained, are summarized 
in Table 5-2. The absence of any of these. types of quality control checks from the data reports 
does not necessarily reflect poorly on the qualiv of the data, but does limit the ability to 
measure the various components of measurement error. 

As shown in the table, different QC checks provide different types of information 
pertaining to the sources of inaccuracy, imprecision, or blank effects. As part of the FCEM 
project, measurement precision and accuracy are typically estimated from QC indicators that 
cover as much of the total sampling and analytical process as feasible. Precision and accuracy 
n?~asl~remeQ based primarily on the actual sample matrix. The precision and accuracy 
estimates obtained experimentally during the test programs are compared with data quality 
objectives @QOs) established for the FCEM project. 

These DQOs are not intended to be used as validation criteria, but they can be used as 
empirical estimates of the precision and accuracy that are expected from existing reference 
measurement methods. 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, the objectives serve as 
benchmarks for comparison. The effects of not meeting the objectives should be considered in 
light of the intended use. of the data. 

5.4 ANALYTICAL. QUALITY CONTROL RESULTS 

Table 5-3 summarizes the types of quality control data reported for Site 121. The results 
of these analyses are summarued . in Appendices G and H. Table 5-4 presents a summary of 
precision and accuracy measurements. Accuracy as used in this table reflects laboratory 
recovery and does not reflect the accuracy of the sampling procedure. 

Based on the quality control data evaluated, the majority' of the results met the project 
objectives. 

The following potential problems were highlighted by the quality control data: 
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TABLE 5-2 
TYPES OF QUALITY CONTROL SAMPLES 

QC Advily Characteristic M w d  

Medir-spikcd samples 

sunwgatc-6piked samples 

Blank Effcts 
Field Blank 

Trip Blank 

M A o d  Blank 

Ragem Blank or Field R a g a  Blank 

Total v & i ,  including procss or tempnal, sampling 
and lanlytiul. 

sampling plus d y l i c a l  variabiliy at the acmd sample 

Adylical variabiliy at the lcaul sample c o d  O M .  

sampling PLUS d y i i c a l  variabii  at LD esrablihhcd 

Analyliul variability m the lbsmcc of sample matrix 

WnCdOM.  

w d o n .  

C K c t s  

csnblishcd c o d o n .  
variabiliv io the snnple matrix but at M 

A d y t c  m v n y  m the sample llwrix? indicating 
possible & inmfcrsnoes andothercffcts. la. 
single sample, includw born random mor (imprscihion) 
and systematic m o r  @ins) 
Same M &-piked samples. Used where a &- 
spiked sample in not fepsile, such M amin sack 
sampling methods. 

the m g a k  wmpatnds uc chemically SimiLr to the 
wmpundsofimcn& Rimnrilyusedasmindiutorof 

Adytc ltcovny m the sample meaix, to the ematthot 

d y l i c a l  efficacy. 
Adytc rroovery in the absmcc of .caul sample mntrix 
effects. USCd p8 M i n d i e  Of dfid COnhol. 
Adytc rrcovcly in a mptrix similu to the acmd 
samples 
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0 There is a concern with the determination of arsenic in the exhaust gas samples. 
hecision of duplicate analyses was 61% RPD. Because the arsenic 
concentrations were low, blank levels were significant compared to the sample 
values. Labratory blank comedons were 22% of the uncorrected value. Field 
blank levels were 73 56 of the uncorrected sample values. 

Metals run 2 was invalidated because the concentrations of chromium, cooper and 
nickel indicated field contamination at 750, 940 and 410 pg/train, respectively. 
The entire run was invalidated because it was assumed that if the results of these 
three common metals indicated contamination, the remaining metals could 
potentially be contaminated. 

0 

0 The emissions of most metals were expected to be low from this source. Because 
of the low levels relative to the reagents used in the analysis p d u r e ,  blank 
effects impact the interpretation of the data. Field blank levels were greater than 
50 % of uncomxted sample values for arsenic, lead, manganese, molybdenum and 
phosphorus. The only metals results where field blanks levels do not significantly 
affect the interpretation of emission values are barium, chromium, copper, nickel 
and vanadium. 

The results of the toluene analysis from VOC run 3A were not included in the 
average result. This sample contained 250 pg/Nm, of toluene compared to an 
average of 18 pg/Nm, for runs 3B and 3C. Contamination of sample 3A was 
considered likely. 

Naphthalene field blank levels were 143% of the uncorrected sample values. 
Naphthalene is a suspected degradation product of a common contaminant in the 
XAD-2 resin used in the PAH sampling train (Thomson, R.D., Foster, M.G., 
"Degradation of XAD-2 Resin In Dry Stomge and Its Impact on PAH Analysis," 
A M ,  1991). 

Formaldehyde results may be biased high as indicated by field blank levels. 
Three of six field blanks were higher than the sample values. Individual field 
blanks ranged from 3940% of the uncorrected sample values. Although the 
precise extent of this bias cannot be assessed, it can be indicated by the field and 
trip spike8 which, although they were within the method specification of 60- 
14056, had recoveries of 140 and 13156, respectively. 

The accuracy of benzene and toluene analysis was not assessed by ma& s p h  
recovery for this test series. 

Definition of Oualitv Assurance Terms 

Resented below is a general discussion of considerations to be used when evaluating data 
and defdtions of terms used to describe quality assurance indicators. I 
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Precision is a measure of the reproducibility of laboratory analyses of the same sample. 
It is expressed in terms of distribution or scatter of the data, and traditionally calculated as the 
standard deviation or coefficient of variation (CV, standard deviation divided by the mean). For 
duplicate analysis, precision is expressed as the relative percent difference (RPD). 

R P D =  - - x2 x loo 
x 

Accuracy is a measure of the degree of conformity of a value generated by a specific 
procedure to the assumed or accepted true value; it includes both precision and bias. Bias is the 
persistent positive or negative deviation of the method average value from the assumed or 
accepted true value. 

I -  

The efficacy of the analytical p d u r e  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 s t m m  ahead of the 
sampling, produce only estimates of recovery of the analyte through all  of the measurement steps 
occurring after the addition of the spike. A good spike recovery tells little about the true value 
of the sample before spiking. 

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

Compambility is a qualitative parameter expressing the confidence with which one data 
set can be compared with another. Sampling data should be. comparable with other measurement 
data for similar samples collected under similar conditions. This goal is achieved using standard 
techniques to collect and analyze repmentative sampIes and by repOaing analytical results in 
appropriate units. Data sets can be compared with confidence when the precision and accuracy 
are known. 

Comdeteness is an expression of the number of valid measurements obtained c o r n p a  
with the number planned for a given study. The goal is to generate a sufficient amount of valid 
data. - 

A discussion of the overall measurement precision, accuracy, and blank effects is 
presented beiow for each measurement type. Complete QNQC data are presented in 
Appendix G. Appendix H presents analytical and blank correction data. Table H-6 contains a 
summary of blank correction contributions to the sample values. 
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5.4.1 Metals 

Precision 

The precision of metals analyses of flue gas samples can be estimated by the results of 
duplicate laboratory analyses. The precision data on duplicate analyses were compared to the 
precision objective of 10% RPD. 

AU metals met this criteria with the exception of arsenic (61%) and nickel (26%). 
Duplicate analysis was not performed for lead, as it was analyzed by the method of standard 
additions (MSA). Beryllium, cadmium, cobalt, mercury (in the "0, fraction), and selenium 
were not detected and thus precision could not be calculated. 

Analysis results for metals sample run 2 indicated sample contamination because of high 
chromium, copper and nickel concentmtions; therefore, the results for the sample were not used 
to calculate average concentrations. 

Precision for total metals was also calculated based on replicate runs. This type of 
precision estimate should be more variable than that obtained from duplicate analyses due to 
variability in the process and sampling. Since only two of the three metals runs were used for 
calculations, the total precision is calculated as an RPD - not a CV. The total precision data 
on replicate runs were compared to an RPD objective of < 20%. Of al l  the detected elements, 
only lead (3%) and molybdenum (9%) met this objective. 

Accuracy 

The accuracy of metals analyses was determined from spiked samples. A spike recovery 
objective of 75-125 % is specified by the multi-metals analysis. Typically if the recovery is not 
within *25 % of nominal, the laboratory attempts to analyze the sample using either an alternate 
instrumental technique or by the method of standani additions (MSA). In these samples, lead 
recovery was poor and graphite furnace analysis using the method of standad additions was 
peIfOllUed.  

Spike recoveries for all metals except nickel (70%) met the objdve. 

Low levels of five metals (arsenic, barium, chromium, copper, and lead) were found in 
the reagent blank. Low levels of nine metals (arsenic, barium, chromium, copper, lead, 
manganese, molybdenum, nickel, and phosphorus) were found in the laboratory method blank. 
Laboratoxy and reagent blank levels axe presented in Table H-1. The reagent blank was 
subtracted from the sample results to obtain the f d  results for five metals. The metals results 
affected and the blank correction contributions were: arsenic (22%), barium (11 %), chromium 
(lo%), copper (29%), and lead (10%). The laboratory method blank was subtracted from the 
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sample results to obtain the fmal results for phosphorus. The blank correction contribution for 
phosphorus was 52%. Uncorrected field blank levels were higher than 50% of the uncorrected 
measurements for the following detected metals: arsenic (73%), lead (loo%), manganese 
(96%), molybdenum (97’34, and phosphorus (102%). Laboratory blank levels at 56% of the 
uncorrected sample value for arsenic, 50% for manganese and 52% for phosphorus indicate a 
possibility of laboratory contamination. 

Conclusions 

Analysis for nickel had spike recoveries lower than the objective. Duplicate analysis for 
arsenic had an RPD of 61 %. One of the three metals runs showed contamination and was not 
used to calculate average concentrations. Field blank levels were higher than 50% of the 
exhaust gas values for arsenic, lead, manganese, molybdenum, and phosphorus. 

Precision 

Only three PAH species were detected: naphthalene, phenanthrene, and 3- 
methylnaphthalene. Precision was determined by duplicate blank matrix spikes. A data quality 
objective of ~ 5 0 %  RPD was set for PAH samples. Phenanthrene met this objective, while 
naphthalene (77%) did not. Duplicate matrix spikes were not performed for 3- 
methylnaphthalene. 

Accuracy 

The accuracy of the PAH analyses was assessed by the internal recovery of deuterated 
standards added to each sample before extraction. Acceptable recovery is 50-15056. The 
recoveries of all detected PAH species were acceptable, mging from 59-96%. Other species 
not dekcted in the exhaust gas were also within the objective accuracy range, with the exception 
of one benzo(a)ppne sample which had a recovery of 42 56. 

Blank Effects 

AU PAH species, except for naphthalene, were not detected in the laboratory method 
blank at 0.008-0.13 ug per sample. Naphthalene was detected in the method blank at 2.9 ug per 
sample, which was 33% of the average sample value. Of the detected PAH species, only 
naphthalene had a field blank level which was higher than 50% of the average uncorrected 
sample measurements with a value of 143 %. Naphthalene is a suspected degradation product 
of a common con taminant to the XAD-2 resin used in the sampling train. Typidy ,  all samples 
using this resin are biased high for naphthalene, though it is difficult to evaluate the extent of 
the high bias. 



EPRI Licensed Material 

DATA EVALUATION 39 SECTION 5.0 

Conclusion 

PAH results are acceptable; however, naphthalene field blank levels are greater than 50% 
of the sample levels which may indicate a high bias in sample results. 

5.4.3 PCB 

Precision 

Precision for exhaust gas PCB samples was determined by duplicate blank matrix spike 
results. Precision for all PCB species met the objective of <50% RPD, ranging from 5-31 %. 

Accuracy 

Blank matrix spike recoveries for all  PCl3 species ranged from 55-11856, meeting the 
recovery objective of 50-15076. All internal recoveries, with the exception of one 
monochlorobiphenyl spike (a%), met the recovery objective of 50-150%. 

Blank Eiffects 

No PCB species were detected in the method blank, field blank, or exhaust gas samples. 

Conclusion 

PCB analytical quaLity assurance results for exhaust gas samples are considered 
acceptable. 

5.4.4 Volatile 0rm-11 'c Comuounds 

Precision 

Precision for VOC compounds was calculated based on duplicate analyses of exhaust gas 
samples. One benzene duplicate (30%) and one toluene duplicate (21 %) analysis exceeded the 
DQO of <20% RPD. High RPDs are typical when aualyzkg concentration levels at or near 
the reporting limit. One toluene sample analysis indicated con tamination because it was 14 times 
higher than the other two runs performed within the same source, and the result was not used. 
One Tedlar bag sample leaked during tmnsport and was not analyzed. 

Accuracy 

Matrix spikes were not performed. 
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Blank Effects 

Benzene was not detected in the Tedlar bag blank, while toluene was detected at a 
concentxation of 4.4 pglNm3. Blank levels were not subtracted to obtain f d  sample results. 

Conclusion 

Precision for VOC analysis was good with two exceptions. The accuracy of the analysis 
could not be assessed for this test series because of a lack of sample spikes. Blanks levels were 
acceptable. One sample indicated contamination, and another leaked during transport. 

5.4.5 Formaldehvde 

Precision 

M i i o n  was determined by duplicate analysis of formaldehyde samples. Two of the 
four duplicate analysis exceeded the DQO of C 10% RPD with values of 70% and 75%. 

Accuracy 

The accuracy of the analysis was estimated from matrix spike recoveries. Matrix spike 
recoveries averaged 97 % . Field and trip spikes were also collected. A field spike is a vial of 
DNPH solution spiked with formaldehyde that is connected to the sampling equipment, leak 
checked, and recovered. Field spike recovery was 140%. A trip spike is a spiked vial of 
DNPH solution that is never opened. Trip spike m v e r y  was 131 %. All spike recoveries met 
the DQO of 60-140%. 

Blank Effects 

Sample values were not corrected for blank values of DNPH or for field blank levels. 
Field blank levels were below sample levels with the exception of three field blank vials, which 
contained twice the level of formaldehyde as the samples. The remaining three field blank 
results were not higher than half the sample result values. Field blank results indicate that there 
is a possible positive bias to the sample results. 

Conclusion 

Sample precision does not meet the data objective. Accuracy as measured by samples, 
field spike and trip spike analysis is acceptable. Field blank levels indicate the possibility of a 
positive bias in the results. 
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5.4.6 Fuel Analvsis 

Precision 

Precision was determined by duplicate analysis of the natural gas fuel samples. The data 
quality objective for this analysis was 10% RPD. The average RPD for detected major and 
minor components was 0.82%. Sample precision is determined by replicate sample analysis, 
with a DQO of 20% CV. The average CV for the on-site analysis of the three fuel repficates 
was 3.9%. AU species met the objective with the exception of hydrogen (25%). 

Accuracy 

Accuracy is estimated by analysis of a laboratory check standard. The average recovery 
of this standard was 10096, and al l  species met the data quality objective of 9@-100% recovery. 
No matrix spikes were performed. 

Blank Wects 

No blank analysis was performed. 

Conclusion 

Precision for fuel analysis based on duplicate analysis was acceptable. Sample precision 
based on replicate runs was also acceptable, with the exception of hydrogen. A laboratory check 
standard met the recovery objective. No blank analysis was performed. 

5.5 STACK SAMPLING QUALITY CONTROL RESULTS 

Sampling quality control was well documented in this program. It included calibration 
sheets for most of the equipment used, including the gas meters, portable O2 meters, and CEM 
calibration. Also on file axe calibrations for temperature indicators and pitot assemblies. Gas 
meters are calibrated before and after sampling and can differ no more than 3% from the 
original meter calibration. The sampling data were evaluated and comments were made on the 
sampling data sheets about the sampling locations, techniques used, and specific tests comments. 
In general, a methodical and conservative a p p m h  was employed to collect the samples 
according to the specifications. 

The precision of the sampling can be estimated by w m w g  results for various 
parameters of the replicate samples, notably velocity, moisture content, and gas composition. 
A comparison of the measured flow mte to calculated flow rates from F-factor determination was 
made. 

The amracy of the sampling is usually assumed from the calibration and proper 
operation of the equipment and from historical vaIidation of the methods. Field blanks were 
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used to assess any biases that may be caused by contamination of the equipment, location, or 
operator errors. Field blank values were not subtracted from tests results. Field blanks were 
performed for a l l  tests except the VOC trains. Reagent blanks were collected for a l l  tests except 
the PAWPCB tests, where laboratory reagent blanks were used. 

5.6 MATERIAL BALANCE RESULTS 

At Site 121, only two streams were used to define the material balance: natural gas fuel 
and exhaust gas stack samples. Stream flow xates and concentrations, and the bias and precision 
errors associated with those measurements, were entered into a statistical error propagation 
model to estimate the overall material balance closure. A detailed discussion of this statistical 
error propagation analysis is presented in Section 5.0. 

Closure is defined as the ratio of output to input mass. A 100% closure indicates perfect 
agreement of the measured input and output mass flow xates. Closures of 70-130 56 have been 
set as a goal for this project. This range reflects the typical level of analytical uncertainty. 
Closures outside this range may indicate measurement problems in one or more of the sample 
matrices or a systematic bias imposed by the experimental design. 

Of a l l  the metals, only arsenic was detected in both the natural gas fuel and the exhaust 
gas. Therefore a mass balance can only be computed for this species. The arsenic emission 
factor in the natural gas fuel was 0.25 Ib/lO'z Btu, and the emission factor was 0.19 lb/lO'z Btu 
in the exhaust gas, resulting in a closure of 78 % . The arsenic mass balance was calculated from 
one fuel sample and two exhaust gas samples, so their value is not known with a high degree 
of certainty. Because of the low levels of arsenic in the fuel and exhaust gas, analytical factors 
such as blank levels impact the mass balance results significantly. Mercury was detected at 
0.0013 lb/lO'z Btu in the natural gas sample, but the multimetal train analysis was not sensitive 
enough to detect mercury in the exhaust gas. 
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-LE CALCULATIONS 

This section presents the methodology and sample calculations used to develop the results 
presented in Sections 3.0 and 4.0. Specifically, the calculation of stream flow rates, co&ience 
intervals and unit-energy-based results are discussed. 

6.1 STREAMFLOWRATES 

Appendix D presents information about the stream flow lates measured or calculated at 
Site 121 during the sampling period. 

Stack gas flow rates were calculated from natural gas flow, higher hating value and fuel 
F-factor, as described in Section 5.2. Although flue gas flow rates were measured directly 
during isokinetic sampling, the calculated flow rate is considered to be more accunte for this 
location. 

Natural gas flow rates were determined using control m m  instrumentation. 

6.2 MEANS AND CONFIDENCE INTE.RVALS FOR STREAM CONCENTRATIONS 

The mean concentrations and 95% confidence intervals (CIS) about the mean were 
calculated for each target substance in the streams sampled. The means were calculated 
according to the conventions listed in Section 3.0. The equations used to calculate the 95% 
confidence intervals are presented in Appendix F. 

Example calculations for naphthalene in the flue gas follow here; these results were 
shown in Table 3-3. 

The concentration data (in pg/Nm3) given for naphthalene in Table 3-3 are: 

Runl Run3 

1.00 2.22 1.36 

The mean is calculated from the individual run totals: 
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Mean = (1.20 + 2.22 + 1.36)/3 = 1.59 

The sample standard deviation of the individual NO totals is calculated: 

S, 2 J[(1.20-1.59)' + (2.22-1.59)' + (1.36-1.59)'] 12 = 0.549 

The standad deviation of the average is calculated according to the equation in 
Appendix F for N = 3: 

= 0.317 

The bias error is found by root-sum-squaring the product of the bias error and the 
sensitivity from each IUO (see Appendix F). According to the wnveotions listed in Section 3.0, 
no bias error is assigned to values above reporting limits, whereas a bias error of one-half the 
reporting limit is assigned to values below reporting limits. Since all values are above the 
detection limit, no bias errors are assigned to each of the three values. The sensitivity of the 
mean to each run in this case is 113. An additiooal bias of 10% of the avemge sample value or 
0.159 is introduced because of the difference in particle collection from ideal conditions during 
isokioetic tests. 

p, = d((1/3 x 0)' + (113 x 0)' + (1/3 x On' + (0.159)2 

= J(0)' + (0.159)Z 

= 0.159 

The total uocemioty in the result is found from: 

= /(0.159)' + (4.3 .X 0.317)' 

= 1.38 

Thus, the naphthalene result is reported as 1.59 f 1.38 pgMm3. 
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6.3 UNIT ENERGY EMISSION FACTORS 

In addition to the gas-phase concentrations, unit-energy-based emission factors expressed 
as lb/10'2 Btu have been developed for each target substance. These values were determined by 
calculating the concentration of a substance in the flue gas (lb/ft3) and multiplying by the fuel 
F-factor and O2 correction, according to EPA Method 19. 

The equation used for trace species emissions is: 

lb/lOU Bnr = pg/m3 x m3/35.31 f i 3  x 106pg/g x lb1454g 

x F - f i o r  @ 0% 0, x lod x 20.9/(20.9 - 36 OJ 

The 95% confidence intervals for emission factors were calculated according to the 
equations presented in Appendix F. For each parameter (concentration, unit heat rate, and unit 
load) the mean, standard deviation, number of points, and bias estimates were used to calculate 
the combined uncertainty in the mean emission factors. 
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ASTM 
BOOS 
BtU 
CAAA 
CARB 
CEMS 
CI 
cv 
CVAAS 
DL 
DQO 
dscfm 
EPA 
FCEM 
FGR 
GCIAED 
GCELCD 
GC/FID 
GClFPD 
GCMS 
GCISCD 
GClTCD 
GFAAS 
H f l v  
HPLC 
HRGClFID 
HRGC/LRMS-SIM 

IC 
ICP-AES 
ICP-Hydride 
ID 
LCS 
MMBtU 
Mw 
NC 

' SECTION 7.0 

GLOSSARY 

American Society for Testing and Materials 
Burners-Out-of-Service 
British Thermal Unit 
Clean Air Act Amendments of 1990 
California Air Resources Board 
Continuous Emissions Monitoring System 
Confdence Interval 
Coefficient of Variation 
Cold Vapor Atomic Absorption Spectrophotometry 
Detection Limit 
Data Quality Objective 
Dry Standad Cubic Feet per Minute (latm, 68°F) 
U.S. Environmental Protection Agency 
Field Chemical Emissions Monitoring 
Flue Gas Recirculation 
Gas Chromatography with Atomic Emission Detection 
Gas Chromatography with E l m n d u c t i v i t y  Detection 
Gas Chromatography with Flame Ionization Detection 
Gas Chromatography with Flame Photometric Detection 
Gas Chromatography with Mass Spectrometer 
Gas Chromatography with Sulfur Chemiluminescence Detection 
Gas Chromatography with Thermal Conductivity Detection 
Graphite Furnace Atomic Absorption Spectrophotometry 
Higher Heating Value 
High Pressure Liquid Chromatography 
High Resolution G a s  Chromatography with Flame Ionization Detection 
High Resolution Gas Chromatographyhw Resolution Mass Spectrometry 
with Selected Ion Monitoring 
Ion Chromatography 
Inductively Coupled Plasma Atomic Emission Spectroscopy 
Inductively Coupled Plasma with Hydride Generation 
Induced Draft 
Labommy Check Standards 
Million British Thermal Units 
Megawatt 
Not Calculated 
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ND 
NIST 
Nm3 
NM 
NP 
NR 
PAH 
PISCES 
PPmc 
QNQC 
RF'D 
RF'DM 
UOM 

Not Detected 
National Institute of Standards and Technology 
Dry Normal Cubic Meter ( O T ,  latm) 
Not Measurable 
Not Performed 
Not Reported 
Polycyclic Aromatic Hydrocarbons 
Power Plant Integmted Systems Chemical Emission Study 
Parts Per Million Corrected to 3% O2 
Quality Assurance/Quality Control 
Relative Percent Difference 
Relative Percent Difference from the Mean 
Unit of Measure 
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APPENDE A 

SAMPLING AND ANALYTICAL SUMMARY 
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This appendix presents the methods used to collect, preserve and analyze each type of sample 
collected at Site 121. Summary tables presented include the following: 

A-1 

A-2 Stack Test Schedule 

A-3 

A 4  

A-5 

A-6 

A-7 

Reference Table for Sampling Methods 

Sampling Train Configurations for Stack Samples 

Sampling and Analytical Methods for Stack Samples 

Sampling Schedule for Natural Gas Samples 

Analytical Methods for Natural Gas Samples 

Sample Handling and Preparation Procedures 

Descriptions of the flue gas sampling trains and fuel sample collection methods follow the 
summary tables. 
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TABLE A-1 
REFERWCE TABLE FOR SAMPLING METHODS 

SITE 121 

struun Target Substances Collection Method 

- Stack Mwls: As, Ea, Be, Cd, Cr, Co, Cu, Pb, Mo, Hg, 
Mo. Ni, P, Se,, V 

EPA Multi-Mcte.ls 

Polycyclic Ammatic Hydrocarbons/ 
Polychlorinated Biphenyls 

CARE 429,428 

Benzene, Toluene CARE 410A (bags) 

Foddehydc 

Air Pnheatcr Inlet NO.. co. 4, co, 
Total Hydmcarbons 

CARE 430 

EPA 7E, 10,3A 

EPA 25A 

Natural Gas Metals, heating value, hydrocarbons, ooo- Grab samples 
hydrocarbons, sulfur compounds, oxygenated 
compounds, nitrogen compounds, hslouubo~, radon 

I 

I 

i 

I 
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TABLE A-2 
SI'ACK SCHEDULE 

SITE l21 

Test No. Date T i  Dscription 

1-PAH 4/12/93 
1 -MTLS 4/12/93 

2-PAH 4/13/93 
2-MTLS 4/13/93 

3-PAH . 4/14/93 
3-MTLS 
3A-FORM 
3BFORM 
3C-FORM 
3A-VOC 
3BVOC 
3 c - v o c  

4A-FORM 
4B-FORM 
4A-VOC 
4B-VOC 

5A-FORM 
5B-FORM 
5A-VOC 
5B-VOC 

6A-FORM 
6B-FORM 
6A-VOC 
6B-VOC 

4/14/93 
4/14/93 
4/14/93 
4/14/93 
4/14/93 
4/14/93 
4/14/93 

4/15/93 
4/15/93 
4/15/93 
4/15/93 

4/15/93 
4/15/93 
4/15/93 
4/15/93 

4/15/93 
4/15/93 
4/15/93 
4/15/93 

1350/u)30 Polyaromatic HydmcarbonslPolychlorinated Biphenyls 
1345/2030 

0905/1525 Polyaromatic HydmcarbonslPolychlorinated Biphayls 
0905/1530 

Metals (As, Ba, Be, Cd, Cr, Co, Cu, Pb, Mn, Hg, Mo, Ni, Se, P, V) 

Metals (As, Ba, Be, Cd, Cr, Co, Cu, Pb, Mn, Hg, Mo, Ni, Se, P, V) 

0845/1500 
0845/1505 
094511045 
1125/1w 
124511345 
1Ooo/1Mo 
1145/1215 
124511315 

Polyaromatic Hydrocarbons/polychlorinatcd Biphayls 
Metals (As. Ba, Be, Cd, Cr, Co, Cu, Pb, Mn, Hg, Mo, Ni, Se, P, V) 
Formaldehyde 
Formaldehyde 
Formaldehyde 
Benzene and Toluene 
Benzene and Toluene 
Benzene and Toluene 

233510035 Formaldehyde 
233510035 Formaldehyde 
233512355 Benzene and Toluene 
0005/0035 Benzene and Toluene 

0140/0240 Formaldehyde 
0140/0240 Formaldehyde 
0145/Mo5 Bmzene and Toluene 
0215/0235 Bcnzcnc and Toluene 

034510445 Formaldehyde 
034510445 Formaldehyde 
034510405 Baume and Toluene 
041510435 Benzene and Toluene 
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TABLE A-5 
SAMPLING SCHEDULE FOR NATURAL GAS SAMPLES 

SITE 121 

Date Sample Name . Number of Samples Time 

4/13/93 IGAS 0913 1 

4/13/93 IGAS 0914 1 

4/13/93 IGAS 0915 1 

093 1 

1115 

1427 

&?&: Samples listed were collected for on-line composition and heating value analysis. Additional 
sample types were collected for trace species analysis; however, collection times were not 
provided by IGT. 
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Natural Gas Collection Procedures 

Natural Gas Natural gas sampling and analysis was performed by IGT Analytical. IGT conducted 
triplicate on-line measurements of natural gas composition (major and minor 
components) and heating value for EPA Method 19 F-factor calculations. Additional 
samples were collected and analyzed for the target compounds listed below: 

e 

e 

Non-hydrocarbons: He, H2, 0,, CO, CO,, H,O, As, Hg 
Hydrocarbons: C&, paraffins, C& olefins, BTEX, PAH 
Oxygenated compounds: Acetone, methanol, glycols, 
aldehydes, phenols, cresols 
Nitrogen compounds: NH,, NO/NO., amines, N-heterocycles 
Halocarbons: Freons and landfill gas components (C,-C,, 
cyclic, aromatic), PCBs 
Sulfur compounds: H S ,  SO,, COS, CS,, sulfur odorants 
and derivatives 
Metals: Volatile compounds of As, Co, Cu, Fe, Ge, Hg, 
Ni, P, Pb, Sb, Se, Si, Sn 
Others: NORM (naturally occurring radioactive materials 
including radon) 

The characterization and quantification of trace species was not limited to these 
components. An initial screening of the natural gas determined which components 
were present and any component found in the initial screening was quantified. 

An MCM hygrometer from Stephens Analytical was used for moisture determination 
in a range of 10 to 6OOO ppmv. An on-line Delta F trace oxygen analyzer with an 
Ascarite scrubber to remove CO, was used to measure oxygen in a range of 1 to 
lo00 ppmv. A Scintrex Model OW-229 sulfur analyzer was used to monitor 
odorants and H a  in natural gas at a concentration level of 0.1 to 10 ppmv. 

Samples collected by IGT for laboratory analysis include the following: 

0 Whole gas samples 
0 

0 

e 

0 Pipeline condensate 
0 

Liquefied fractions (cryogenic sampling train at -70°C) 
Lean gas (after the cryogenic sampler) 
Paniculate samples (collected upstream of sampler) 

Pipeline deposits (from brush-piggings, if available) 

Samples were collected on-site using different sampling techniques to preserve and/or 
preconcentrate the compounds of intexest for later analysis in IGT's Chicago 
laboratory. A 3/8" automatic insertion probe with a 3/4" pipe thread connector from 
Welker Engineering was used to place the tip of the probe at the center third of the 
pipeline to assure representative sampling. A proportional sampler from Welker 
Engineering was also used to sample pipeline gas with a sampling rate of 3 mllmin. 
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over a long span of time to collect a representative whole gas sample. Gas cylinders 
internally coated with phenolic resin were used to collect gas samples. 

For trace organic constituents a cryogenic system (Figure 2-3), which operates at - 
70°C (-94°F) and at line pressures up to 12.4 x 106 Pa (1800 psig) was employed. 
The system is designed to condense, preconcentrate and recover hydrocarbons heavier 
than butanes for later analysis of hydrocarbons up to C,,. This cryogenic sampler 
uses a heat exchange coil made of approximately 10 feet of 1/4 inch O.D. 316 S.S. 
tubing wound in a helical form, which is attached to a single ended 1.50-ml316 S.S. 
sample cylinder through a Tee connector. The gas flows downward through the coil 
and cylinder and exists through a straight S.S. tubing. Two valves are installed on 
the other end of each tubing above the level of chilling fluid. 

An immersion cooler W S  Model FC-100) is used for constant temperature control 
of the cryogenic bath containing one part of methanol and 3 parts of isopropanol. 
Dry ice is used to accelerate the cooling rate to bring the initial temperature quickly 
down to -70°C. 

Natural gas samples for inorganic trace element analysis were collected on a variety 
of solid sorbent tubes. Mercury was collected at a flow rate of 1 Umin using two 
6 mm ID sorbent tubes packed with 1 W gilded silica beads. Arsenic was collected 
at a rate of 1 Umin with a 6 mm tube packed with 25% FeC1,. Radon was collected 
at a rate of 1.2 Umin with two 2 x 3" carbon cartridges. 
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Stack Sample Collection and Analysis Procedures 

Multi-Metals 
Train 

Stack samples were withdrawn isokinetically with particulate emissions collected on 
a heated filter and gaseous emissions collected in a series of iced impingers. The 
first two impingers contained 5% HNOJlO% H202, the fourth impinger contained 
4% KMNO,/lO% HSO, and the fifth impinger contained silica gel. The thud 
impinger was empty to prevent the permanganate solution in the fourth impinger 
from contaminating the first two impingers. 

Decomposition of each sample fraction was per the EPA method. Whenever 
possible, decomposed sample portions were concentrated and combined with regard 
to preventing loss of volatile metals, to achieve the lowest detection limits possible 
for these samples. Materials collected in the sampling train were digested with acid 
solutions to solubilize inorganic target species and to remove organic constituents that 
may create analytical interferences. Acid digestion of the front-half and filter was 
performed using conventional Parr Bomb digestion techniques. 

Reagent and filter blanks were analyzed for all trace metals. A spiked reagent blank 
for Hg and spiked reagent blank for all metals was analyzed to assess analytical 
recovery methods and to ensure that the decomposition procedure was accurate. 
Following the analysis of the samples and field blanks, a mandatory check for 
matrix effects and interferences was performed for each metal by spiking one outlet 
and one inlet sample. The inlet sample spikes were considered representative of the 
analytical technique because they were spiked at a level comparable to the sample 
concentrations. If the recovery was less than *25% of nominal, the sample was run 
using the method of standard additions or an alternate technique if possible. One 
duplicate analysis was performed for each metal. A field blank was collected and 
analyzed from the inlet and the outlet locations. Analyses for the trace metals was 
performed by ICP-AES, GFAAS, or CVAAS absorption, depending upon the metal 
of interest. 

Semi-Volatile Triplicate samples for PAH and PCB were collected according to CARL3 Method 429 
Species -September 12, 1989 version. In this procedure, a sample was collected 

isokinetically and passed through a heated filter followed by an XAD-2 sorbent 
module in a water-cooled condenser. The sorbent module was followed by an 
impinger train to collect moisture and any species that might pass through the resin. 

At each sample location a full field blank train was assembled, recovered and 
analyzed. During the recovery procedure all glassware was rinsed three times each 
with organic free methanol, toluene and methylene chloride. The solvent rinses were 
combined with the filter and sorbent module for extraction and final analysis for each 
train. 
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Prior to release to the field, each XAD-2 resin trap was spiked with deuterated 
standards to assess field losses or gains of PAH and PCB species. In addition, 
sixteen surrogate standards were added to each sample prior to the extraction step to 
provide recovery corrected results. Deuterated standards were not available for 
2-Methylnapthalene, 3-Methylcholanthrene, or 7,12-Dimethylbenzo(a)anthr~ne; the 
method of intemal standardization was used for these species. Following extraction 
and cleanup, a portion of the professed extract from each sample was analyzed for 
PAH and PCB by HRGULRMS-SIM. 

Benzene and 
Toluene 

Tedlar bag samples were drawn simultaneously at a single point in the stack. The 
samples were collected according to CARB 410A using GC/MS as the method of 
analysis. Duplicate analyses were performed on four samples. One sample was then 
spiked with benzene and toluene and reanalyzed to assess recovery. 

Formaldehyde Triplicate samples for formaldehyde were collected at a single point in the stack per 
CARB Method 430. The flue gas was drawn non-isokinetically through a heated 
filter and into acidic 2.4 dinitmphenylhydrazine (DNPH) solution contained in midget 
impingers. The analysis for formaldehyde was performed by reversephase HPLC 
with a UV Detector. The collection solution was analyzed before release to the field 
to verify that there w s  no significant level of detectable formaldehyde. All samples 
were kept'cold and sealed. Three field blanks were taken and analyzed by attaching 
blank vials of DNPH to the sampling equipment and recovering it the same way as 
a sample. In this way, blank DNPH solution is exposed to the ambient air and the 
sampling equipment for the same period of time as the sample vials. A field spike 
that contained 5.0 pg of formaldehyde was prepared, exposed to sampling conditions 
using the same procedure as the field blanks and analyzed, along with a trip blank 
and a trip spike (neither of which were opened). 

NO,, CO, 0, Gaseous species were measured continuously using a multiprobe array in the 
and CO, economizer outlet duct using a continuous emissions monitoring system. 

Additionally, portable 0, meters were used with each sample train to provide sample- 
specific O2 data. 

- 

Velocity and 
Moisture 

Stack gas velocity and moisture content were measured by EPA Methods 2 and 4 in 
conjunction with every isokinetic test. 
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APPENDIX B 
FCEM SITE 121 INDIVIDUAL STREAM CONCENTRATIONS 
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This appendix presents the Site 121 sampling results that were used to calculate the emissions and 
mass balancm presented in this report. Results for the flue gas and for the natural gas are presented. 

The following data flags are used in this table: 

ND C 
NA Not analyzed 
@ 
B 
F 

Not detected at less than the reporting limit 

Concentration is less than five times the reporting limit 
Blank correction exceeded 50% of uncorrected result 
Field blank exceeded 50% of uncorrected result 
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APPENDIX C 
DATA NOT USED IN CALCULATIONS 
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This appendix contains data that was not used in emissions or mass balance calculations. This 
appendix also contains the results of VOC tests conducted at other than full load conditions. 
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APPENDIX D 

PROCESS STREAM FLOW RATES AND CALCULATION PROCEDURES 
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To Calculate CO,. % for Each Samole Train 

a. Given CEM results for 0,, % and CO,, % at the outlet and the portable 0, meter results 
at each sample train. 

20.9 - test 0, 
b. T& CO, = CEM CO, x 

20.9 - CEM 0, 

To Construct a Mass Balance Around the Boiler for a Given Parameter. i 

a. 

b. Mass balancq = (flue gas)/M, (fuel), expressed as % 

Nomenclature: 

Given fuel and flue gas results. 

stack area, ff 
flue gas moisture content 

pitot calibration factor, dimensionless 
nozzle diameter, in. 
fuel F factor, dscf/106 Btu at 0% O2 
orifice pressure differential, iwg 
% isokinetics 
mass of collected particulate, mg 

particulate grain loading, gr/dsd 

= 
= 

molecular weight of flue gas 
molecular weight of species i: 

NO, : 46 

co : 28 

so. : 64 

16 HC : 

= sample time, min. 
= 
= barometric pressure, in.Hg 
= stack absolute pressure, in.Hg 
= stack static pressure, iwg 
= 
= 

- 

average velocity head, iwg = ( T P  

wet stack gas flow rate at actual conditions, wacfm 
dry stack gas flow rate at standard conditions, dscfm 
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3. To Estimate Emissions Rates in lbllod Btu Usine EPA Method 19 and Given Fuel Analvsis 

a. Fuel factor at 68 O F ,  dscf/lod Btu at 0% O2 

Fa = 

Fuel factor at 60 'F 

lo6[3.64(%@ + 153(%C) + 0.14 (%N) + 057(%S) - O.46(%O2&I)] 
HEV, Btulzb 

b. 

C. Gaseous E&ssions haor ,  Ib/lV Btu 

106 Btu 
d. Gaseous Emissions factor, lb/10'2 Btu 

x 106 

e. Particulate emission factor, lb/lV Btu 

20.9 

f. Particulate emission factor, Ib/lO'* Btu 

4. To Calculate Trace Soecies Emissions Given Laboratorv Results 

a. 

b. 

c. 

d. 

pg/sample train = &g detected) - &g in field or reagent blank) 

pg/dscm = pg sample train x (35.31/Vm,J 

pgmm' = pg/dscm x 492 "FR, 

For Benzene and Toluene Results 
pgmm' = ppb x (MW,/SV) x (35.3U2.2) x (TJ492 "F) x 109 

Notes: Laboratory results could be in pg, mg or ppb. PAH, metals, formaldehyde and 
nitrosamine results will be in pg, particulate and anion results will be in mg, and benzene 
and toluene results will be in ppb. 

Field and reagent blank values must be evaluated before subtracting them. For example, 
very low blanks may merely indicate "noise" and might be disregarded. On the other 
hand, very high blank values may indicate sampling or analysis problems which should 
be investigated. It may be acceptable to use a blank correction on some projects or with 
some reference methods. Typically a reagent blank is a more appropriate indicator of 
blank levels than a field blank. 
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TABLE W 
SAMPLE TRAIN CALCULATION PROCEDURES 

SITE 121 

1. To Calculate Samole Volume. Actual Exhaust Flow Rate and lsokmetics for Each Samole Train 

a. 

b. 

C. 

d. 

e. 

f. 

g. 

h. 

1. 

Sample gas volume, dscf . -  

V,, = 0.03342 V, 

Water vapor volume, scf 

Moisture content, nondimensional 
I, 
" W ,  E ,  = 

"m, + v,, 
Stack gas molecuiar weight, lbnb mole 
biW, = 0.44 (%COJ + 0.32 (%03 + 038 (%Nd 
ME',, = MW, (1 - BJ + 18 ( E d  
Absolute stack pressure, in Hg 

pa P, = Pb, + - 
13.6 

Stack velocity, Wsec 

v, = 2.90 cp F, 
,. 

Actual stack flow rate, wacfm 
Q = (VJ(AJ(W 
Standard stack gas flow rate, dscfm 

Qd Q (1 - BJ[G][A] T, 29.92 
\ .  

Percent isokinetic 

2. To Calculate Particulate Emissions 

a. Grain loading, gr/dscf 

C = 0.01543 
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TABLE D-3 (wntinued) 
SAMPLETRAINrnSuMMARY 

FORMALDEHYDE 
PARAMEER BASE LOAD MINIMUM LOAD 
Date 4/14/93 4/15/93 
Test Number 3A-FORM 4A-FORM 
Std. sample Volume, dscf 4.55 4.36 
Std. sample Volume, Nm' .O.lU) 0.115 
0 2 ,  % . 6.63"' 7.55" 

Date 
Test Number 
Std. sample Volume, dscf 
Std. Sample Volume, Nm3 
0 2 ,  % 

Date 
Test Number 
Std. sample Volume, dscf 
Std. Sample Volume, Nm3 
02 % 

Date 
Test Number 
Std. Sample Volume, dscf 
Std. Sample Volume, Nm3 
0 2 ,  % 

Datc 
Test Number 
Std. Sample Volume, dscf 
Std. sample Volume, Nm' 
02, % 

4/14/93 
3B-FORM 

4.58 
0.121 
6.63"' 

4/14/93 
3C-FORM 

4.51 
0.119 
6.63"' 

4/15/93 
4B-FORM 

4.30 
0.113 
7.55m 

4/15/93 
SA-FORM 

4.28 
0.113 
6.25" 

4/15/93 
SB-FORM 

4.38 
0.116 
6 . Z m  

4/15/93 
6A-FORM 

4.34 
0.114 
7som 

Date 4/15/93 
Test Number 6B-FORM 
Std. Sample Volume, dscf 4.47 
Std. Sample Volume, Nm3 0.118 
0 2 ,  'k 7 . w  

(1) 
(2) 

Oz from concumcat isokinetic tests 3-PAH and 3-MTLS. 
Oz from Tcdlar bag oxygen measurement. 
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TABLE D-3 (wutinued) 
S A M P L E T R A I N ~ S U M M A R Y  

SITE 121 

BENZENE AND TOLUENE 
P- BASE MAD MINtuuM LOAD 

Date 
Test Number 
02, % 

Date 
Test Number 

0 2 ,  46 

Date 
Test Number 

02, % 

Date 
Test Number 

0 2 ,  % 

Date 
Test Number 

01, % 

4/14/93 
3A-VOC 

6.68"' 

4/14/93 
3B-VOC 

6.68"' 

4/14/93 
3 c - v o c  

6.63"' 

4/15/93 
4A-VOC 

7.55m 

4/15/93 
4B-VOC 

7.55m 

4/15/93 
SA-VOC 

6.Zm 

4/15/93 
5B-VOC 

6 .Zm 

4/15/93 
6A-VOC 

7 . w  

4/15/93 
6B-VOC 

7 . w  

(1) O2 from concurrent isokinctic tests 3-PAH and 3-MTLS. (continued) 
(2) O2 from Tcdlar bag oxygen measuremat. 
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TABLE D-3 (continued) 
SAMPLETRAINTESTSUMMARY 

SlTE 121 

PARAMHER PAWPCB 

Date 
Test Number 

Std. Sample Volume, Nm’ 
Moisture Fraction 
Stack Gas Molecular Weight 
Stack Gas Velocity, ft/w 
Stack Flow Rate, wacfm 
Stack Flow Rate. dsefm 
Isokinetic Ratio. % 

std. sample Volume, dscf 

Dare 
Test Number 
std. sample Volume, dscf 
Std. Sample Volume, Nm’ 
Moisture. Fraction 
Stack Gas Molecular Weight 
Stack Gas Velocity, fvw 
Stack Flow Rate, wacfm 
Stack Flow Rate, dscfm 
Isokinetic Ratio, % 

Date 
Test Number 

Std. Sample Volume, Nm) 
Moisture Fraction 
Stack Gas Molecular Weight 
Stack Gas Velocity, fVw 
Stack Flow Rate, wacfm 
Stack Flow Rate, dsefm 
Isokinetic Ratio, % 

std. Sample Volume, dscf 

4/12/93 
1-PAH 

218.683 
5.770 
0.152 
27.82 
53.50 

1,111,816 
679,101 

101.95 

4/13/93 
Z-PAH 

204.666 
5.400 
0.148 
27.87 
52.28 

1,086,462 
660,129 

98.16 

4/14/93 
3-PAH 

214.071 
5.648 
0.156 
27.76 
53.45 

1,116,777 
679,009 

99.82 
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TABLE D-3 
SAMPLETRAINrnSuMMARY 

SITE 121 

PARAMElm MuLn-METALS 

Date 4/12/93 
Test Number 1-MTU 
std. sample Volume, dscf 251.167 
Std. sample Volume, Nm’ 6.627 
Moisture Fraction 0.153 
Stack Gas Molsular Weight 27.81 

Stack Flow Rate, wacfm 1,109,530 
Stack Flow Rate, dscfm 677,413 

Stack Gas Velocity. fvsec 53.39 

Isokinetic Ratio, 56 98.99 

Date 
Tst Number 

Std. Sample Volume, Nm’ 
Moisture Fraction 
Stack Gas Molecular Weight 
Stack Gas Velocity, fvscc 
Stack Flow Rate, wacfm 
Stack Flow Rate, dscfm 
Isokinetic Ratio, R. 

Datc 
Tst Number 

Std. sample Volume, Nm’ 
Moisture Fraction 
Stack Gas Molecular Weight 
Stack Gas Velocity, fvsa: 
Stack Flow Rate, wacfm 
Stack Flow Rate, dscfm 
IsokincticRatio, 56 

std. sample Volume, dscf 

std. sample Volumc, dscf 

4/13/93 
2 - m  
240.634 

6.349 
0.147 
27.88 
51.87 

1,077,942 
657.7% 

97.67 

4/14/50 
3 - m  
258.133 

6.811 
0.148 
27.83 

52.265 
1,086,046 

667,612 
103.23 
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TABLE Dl 
MEAN PROCESS SLaEAM FLOWS 

SITE 121 

SC!Xlll Mean Flow Rate Standard Deviation Source 

Natural Gas, kscfh at 68°F 

Base Load 3,072 
Minimum Load 1,240 

Flue Gas, dscfm 

Base Load 632,187 

Minimum Load 269,889 

14,078 Calculated" 

14,910 CalCUlatedO 

~~~ ~~ ~ 

(1) 
(2) 
(3) 

Measured from plant fuel flow instturnentation. 
Calculated from and fuel F-factor and fuel flows for Runs 1 , 2  and 3. 
Calculated from fuel F-factor and fuel flows for Runs 4, 5 and 6. 
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The tables in Appendix D summarize the following information for Site 121: 

D- 1 

D-2 

D-3 Sample Train Test Summaries 

D-4 Emission Calculations 

Mean Process Stream Flows 

Flue Gas Conditions and Flow Rates for Isokinetic Tests 
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specific molar volume of an ideal gas at standard conditions, @/lb mole 
meter temperature, "R 
reference temperature, "R 
stack temperature, "R 
stack velocity, Wsec 
volume of liquid collected in impingers, ml 
dry meter volume uncorrected, dcf 
dry meter volume at standard conditions, dscf 
volume of water vapor at standard conditions, scf 
meter calibration coefficient 
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APPENDM E 

PROCESS OPERATION 
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SUMMARY OF BOILER OPERATING CONDITIONS 
SlTE u1 

l M  NO. 1 L .l 4 3 0 

Date 4/12/93 4/13/93 4/14/93 4/16/93 4/16/93 4/16/93 
Tcst Conduion Full Load Full LDad Full Load Min. Load Min. Load Mi. Load 

B a s c l i i O  BasclinS Baselmo Normal 4 L.QW4 High 4 

Gross MW 333.6 
Net MW 326.1 

Boos 
FGR b o 1  
ovcrfue Air 
Main Stream, KLbh 
Air Flow, % 
Fuel Flow, 46 
4. 46 A sido"' 
4, % B sido"' 
SH Spray. Klbhr 
RH Spray, K l b h  
FLI Fan A, amps 
FD Fan B, amps 
GR Fan A, amps 
GR Fan B. amps 

I-8C. SB, 68 
Normal 

U)o 
97 
90 
2.7 
1.9 
39 
129 
306 
304 
66 
69 

opcn 

Wi. W"' CZ 

NO. @ 3% 102 
CO. ppm @ 3% qm 
Fuel Flow, &fh 3,022 
Hear Rats. BtulKW-hr 9,592 
Boiler Exit Flow Ratc, MOJO0 
dscfm'' 
NO., IblMW-IiP 1.19 
NO.. lb/lV Btum 0.13 
CO. IblMW-W' 0.62 

91 

334.0 
326.4 

I-8C. 5B. 6B 
Normal 
opcn 
moo 
96 
89 
2.5 
1.9 
38 
130 
307 
303 
70 
72 

c z  
50-m 
2.69 
100 
m 
3.024 
9.593 
502,800 

1.17 
0.13 
0.47 

334.2 
326.6 

I-SC, 5B. 6B 
Normal 

rn 
97 
90 
2.7 
2.2 
41 
I30 
?a4 
304 
68 
70 

C2 
50-m 
2.70 
97.0 
98 
3,029 
9,601 
503,600 

1.13 
0.12 
0.66 

opco 

122.7 
118.7 

1-8C 
Normal 
opcn 
760 
40 
36 
4.4 
5.2 
0 
0 
40 
0 
80 
83 

c 2  
0 
3.71 
56. I 
7 
1.218 
10.650 
212.900 

0.72 
0.071 
0.05 

122.5 
118.7 

1-8C 
Normal 
Opa 
750 
36 
35 
2.6 
3.0 
0 
0 - - 
80 
83 

3-8% 
0 
2.69 
46.4 
9 
1.216 
10.614 
200.100 

0.60 
0.059 
0.07 

122.4 
118.3 

I-8C 
Normal 

750 
44 
36 
5.3 
6.6 
0 
0 
20 

84 
86 

0 
0 
5.12 
77.7 
IO 
1.229 
10,766 
241,700 

1.02 
0.09 
0.08 

opcn 

m 

Nom: 
( I )  
(2) 
(3) 
(4) 

CO and opacity rnkon from wnml mom srrip ctart. 
NO.. 4. and CO taken from hourly logs of plant CEM located ncar tho boiler oxit. 
Flus gas flow rat0 calculated from tho fuel flow using tho F-faaor corrected to tha measured 4, % ~lt the APH inlet 
A and B Dido 4 readings BIC control room readimp of economizer exit gas. 
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APPENDIX F 
UNCERTAINTY ANALYSIS 
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Because the data generated in this program may be used in conducting risk assessments and in 
making policy and regulatory decisions, consideration of the uncertainties in the results generated in the 
program are important. Assessment of the uncertainty level of a measurement is especially important 
when the measured results are near the detection level of the methods. 

In calculating uncertainties that are presented in this report, procedures were followed that have 
been previously established for PISCES data treatment. This procedure involved calculating an overall 
uncertainty for each result using standard statistical techniques and known measurement biases. An error 
propagation analysis was performed on calculated results to determine the contribution of process, 
sampling and analytical variability, and measurement bias, to the overall uncertainty in the result. This 
uncertainty was determined by propagating the bias and precision error of individual parameters in 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. This uncertainty is only 
the uncertainty in the result for the period of time that the measurements were taken and does not 
represent long-term process variations. In addition, the following calculations assume that the population 
distribution of each measurement is normally distributed and that the samples collected reflect the true 
population. 

The method described below is based on ANSYASME PTC 19.1-1985, "Measurement 
Uncertainty." 

Nomenclature 

r = Calculated result; 
S . = Sample standard deviation of parameter i; 

= Standard deviation of the average of parameter i; 
ej = Sensitivity of the result to parameter i; 
B* = Bias error estimate for parameter i; 
vj = Degrees of freedom in parameter i;  
v, = Degrees of freedom in result; 
S, = Precision component of result uncertainty; 
B, = Bias component of result uncertainty; 
t = Student "t" factor (two-tailed distribution at 95%); 
U, = Uncertaintyinr; 
Pi = Parameteri; 
APj = Perturbation in parameter i; 
P( = Number of measurements of parameter i; and 
E = Emission rate 

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

u, = /- 
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The components are calculated by combining the errors in the parameters used in the result calculation. 

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

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

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

The degrees of freedom for each parameter is found from 

vi = Ni-1 

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

The Student "t" in the fust equation is associated with the degreeq of freedom in the result. 

The precision error terms are generated using collected data, and assigning degrees of freedom 
to each parameter. Bias errors are more qualitative in nature. Bias values are assigned based on 
observation of the process and engineering judgment. 
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For this report the following sources of bias were considered: 

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

This bias component for results below the reporting limit is calculated as: 

a The nonaxial nature of the gas flow at the stack resulted in measured velocities by the S- 
type pitot probes that were up to 8.3% higher than flow rates calculated from fuel flow 
rate and stoichiometric calculations. During all isokinetic tests, sample flow rate was set 
based on the faster velocity measured by the pitot probe, as specified in EPA Methods 
1 , 2  and 5. This means that "true" isokinetic sampling rates may have been up to 8.3% 
low. Estimating errors introduced by nonisokinetic sampling, this would correspond to 
an uncertainty of up to 8.3% in the concentrations of particulate species. As a 
conservative estimate, an uncertainty of 10% was applied to all particulate species 
measured from isokinetic tests. 

No uncertainty was assumed due to long term process variations, 0 

In interpreting and understanding the uncertainty values, it should be pointed out that when two 
levels of uncertainty are combined using a root-sum-squared process, the larger uncertainty predominates. 
A few examples are presented below: 

a 

a 

a 

Combining two uncertainties of 10% results in a total uncertainty of 14%. 

Combining uncertainties of 50% and 8% results in a total uncertainty of 51 96. 

Combining uncertainties of 90% and 10% results in an uncertainty of 90.5%. 

Confidence Interval Calculations 

In this report the confidence interval as a percent uncertainty is reported with the sample results. 
The uncertainty values calculated for this report are based on the 95% confidence interval calculated for 
emission factors of the target species. This confidence interval equation propagates the error associated 
with the parameters required to determine concentration, mass emissions, and emission factors. The 
uncertainty is then expressed as a percentage so that it may be applied to an average result expressed in 
the required units. 

Emission factors are calculated in units of IbllO'* Btu. However, the equations used for 
uncertainty calculations are in mass emission units of I b h  since these equations allow for an estimate 
of overall uncertainty incorporating all relevant parameters. 
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The following are sample calculations for the 95% confidence interval around the mean for air 
and fuel samples. This procedure utilized the same method outlined earlier in this section and used in 
the computer program. 

FLUE GAS 

x F-Fuc~oT, - dscf x Bhr E, lblhr = Concmnation, -!% x Heat Rmc, Nm' m-hr MM& 

~oad, m 5.8127 10-17 , 20.9 
20.9-0*(&?s),% 

where 

Bhr 
W - h r  

H a t  Rat.?,- = HHV of liccr, Btullb x Fuel Flow, lblhr + baa', MW 

The following example calculation shows how the overall uncertainty of the stack naphthalene 
value from this program was determined. 

Parameter Units Run 1 Run 2 Run 3 Mean 

Concentration PgfNm' 1.20 2.22 1.36 1.59 
Heat Rate BhllM7lr-lU 9.40 x 106 9.39 x 106 9.40 x 106 9.40 x 106 
F-Factor dscf/MMBtu 8615 8619 8622 8618 

4 (test) % 6.13 6.04 6.43 6.20 
Load (net) MW 326 326 327 326 

The sensitivity of each variable is calculated with a perturbation for each parameter that is equal to the 
larger value of the standard deviation of the average, +, or the bias error, B,.. For the concentration 
variable: 
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= 1.59 x 9.40 x id x 8618 x 20.9 
20.9 - 6.20 x 326 x 5.8127 x lo-” = 3.47 x 10” E(= - 1.59) 

E ( c .  1.91) = 50.1 x 9.40 x Id x 8618 x 20‘9 
20.9 - 6.20 x 326 x 5.8127 x = 4.16 x Id 

4.16 x 10”-3.47 x 10” I 2.18 e, = 
0.317 

Similar calculations for each parameter produce the following results: 

PARAMETER 
Concentration, Heat Rate, Btu/MW-hr F-Factor, dscflMMBtu 

ueflrlm’ 

1.59 
0.549 
0.317 

3 
0.159 

2.2 x 1 0 3  
2 

0.317 

9.40 x 106 8618 
5.77 x 1v 3 3  
3.33 x 1v 2.0 

3 3 
0 0 

2 2 
3.7 x 10’0 

3.33 x 1oJ 2.0 

4.0 x 10’ 

Notes: Thebiarraimatcformncadr& ’on includes M) b k  for analytical mks  and a 10% mllcctiOn biar. 

The precisionand bias components arethencalculated by root-sum-squaring the product ofthe parame& 
or BP and the sensitivity: 
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S, = 6.9 x IO4 

B, = 3 5  x 104 

two degrees of freedom and a 95% 

The uncertainty in the result is then 

infdence interval is 3. 

u, = Jm = d(3.5 1 0 4 ~  + (6.9 104 4.3)~ = 2.99 10-3 

The overall emission rate is reported as 

3.47 x IO3 f 2.99 x lo3 Ib/hr or 86% uncertainty. 
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APPENDIX G 
QUALITY ASSURANCE AND QUALITY CONTROL DATA 
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This appendix presents detailed quality assurance and quality control (QAIQC) data for the flue 
gas and natural gas samples for Site 121. The QAlQC data includes results of duplicate samples, spiked 
samples and laboratory check standards (La). Additional QAlQC data such as instrument calibration 
data required by the sampling and analytical methodology is maintained by Carnot and the laboratory. 
QA/QC dap is grouped by sample type and analysis. All data pertaining to an analysis is presented 
together. Analytical data and blank analyses are presented in Appendix H. QAlQC results are presented 
in the following tables. 

G-1 
G-2 
G-3 
G-4 
G-5 
G-6 
G-7 

Summary of Quality Control Resulti for Exhaust Gas Metals Analyses 
Summary of Quality Control Results for Exhaust Gas PAH Analyses 
Summary of Quality Control Results for Exhaust Gas PCB Analyses 
Summary of Quality Control Results for Exhaust Gas Formaldehyde Analyses 
Summary of Quality Control Results for Exhaust Gas VOC Analyses 
Summary of Quality Control Results for Analysis of Natural Gas 
Natural Gas Analysis of NIST Standard Reference Material 
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TABLE G1 
SUMMARY OF QUALITY CONTROL RESULTS FOR 

EXHAUST GAS METALS ANALYSES 

Dudiato Svrmle R a v l u  

hrplt.tcv.hi BPD DmQdlyobjalivn - 
"glbvn fcchrplipts "glrnm 

Elanad Mekd srmplc v.hu 

Ancnic.' ICP-HYDRIDE 2.4 4.6 61 90-110 -Limit 
Barium ICP-AES 48 48 0.7 90-110 
Bayll*m ICP-AES m . 1  m . 1  NC 90-110 
c.mnilrm ICP-AES -3 . NDm3 NC 90-110 
ckmniw ICP-AES 7.1 7.0 1.2 90.110 
ccb.n ICP-AES NDC1 NDCl NC 90-110 

ICP-AES 12 I1 2.6 90-110 
M GFAA 6 MSA NC 90-110 
coppa 
M . n s w u  ICP-AES 3.7 3.6 2.0 90-110 
M a a u Y  

FHiBH CVAAS NDa NDa NC 90-110 
KMNo4 CVAAS 0.865 0.0757 13 90-110 EXCdsLimit 

hfolybdaurm ICP-AES 17 16 2.0 90-110 
Nickel ICP-AES 8.1 6 3  26 90-1 10 EmedrLimit 
Selenium" ICP-HYDRIDE NDc0.28 NDUUS NC 90-110 
PhOrpbDNI ICP-AES 46 so a2 90-110 
Vuudi"Ul ICP-AES 3 9  4.1 s.7 90110 
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TABLE G 1  (adimned) 
SUMMARY OF QUALITY CONTROL RESULTS FOR 

EXHAUST GAS METALS ANALYSES 

3&&€& 
3-MILS - D.uQluli*objahc CDmneao 

Irbw 

n r o ,  9bnUomY fa Spscr 
E*msm 

S& 101.7% 

99.21* 
pbDIpb.M 
V- 

imns 

92 
86 
:I 
11 
7: 
7s 
11 
MSA 

79 

106 
9s 

70 
91 
U 
XI 

n 

nmcwiY- 
fa Lcs 

93.110 
93.110 
93.110 
93.110 
93.110 
SQ.110 
sQ.110 
93.110 
5110 

xwm 
10.m 
93.110 
93.110 
93.110 
93.110 
93.110 

LABBLANK 039% 0.5949 0 . W  
I-MILS 0.9997 0.9612 0.9919 
2-MILS 0.9991 0.9399 0 . m  
?-MILS 0.9913 0.9867 0.991s 
FB-wlLs 1.m I.wW 0.9992 
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, TABLEG2 
SUMMARY OF QUALITY CONTROL RESULTS FOR 

EXHAUST GAS PAH ANALYSES 

puolicate Matrix SO*C Rec~vnics; BhkMatrLc B h k W  DataQuality 

%Rccovay %Recovery Duplicates 
spike #I spike ff2 RPD Objectivefor comma*i 

Naphthalene 106 47 77 6 0  Excads Limit 
Acenaphlhylenc 121 119 1.7 6 0  
Acenaphthas 66 66 0.0 6 0  
Fluorene 81 86 6.0 4 0  
PhCnanthrmC 115 110 4.4 4 0  
Antbacalc 123 . 128 4.0 6 0  
F l U O I a U b  115 115 0.0 6 0  
Pyrene 10s 103 1.9 6 0  

113 114 0.9 4 0  
137 138 0.7 6 0  

BWaM- 
cw=e 
Ba~n@)flWthCDC 103 113 9.3 4 0  
B ~ ) f l u o m t h c n e  133 127 4.6 6 0  
Brnzo(a)Wrmc 99 102 3.0 6 0  
Indcno(lffd* 104 97 7.0 6 0  
DibenzO(4M-c 64 62 3 3  6 0  
Bam(g,h,i)payIme 99 99 0.0 6 0  
2-McthylllaphthFJmc Ns Ns Ns - 
7.12-Dimethylbau(a)e Ns Ns NS - 
3-Methylcholanthrmc Ns Ns NS - 

Duulicate Matrix S~ikc  BlanlrMatrL: BhkMatrix Data Quality 
Jntanal Remvcries: SpikC#l spike R RPD Objativc for Commcnts 

% Rccovay %Rsovery hrpliC3tCS 

Napthalenc-ZHS 61 65 6.3 6 0  
Acethmapthylcne-ZKB 68 63 7.6 4 0  
AcenapthalC-zH10 87 83 4.7 6 0  
Fluorcne-ZH10 93 94 1.1 6 0  
PhenanthrcnGZHlO 92 93 1.1 4 0  
AnthracenC2HlO 90 83 8.1 6 0  
FluOranthcne-zH10 95 96 I .O 6 0  
F3~cne2H10 94 95 1.1 6 0  
Benz(a)anthraMc2HIZ 92 82 11 6 0  
chlyalczH1z 91 87 4.5 6 0  
Bemo@)fluorantha1~-2H12 95 87 8.8 6 0  
Benm$)fluomthcnc-2H12 92 88 4.4 4 0  
B.=-a)pyrene-2H12 97 84 14 4 0  
Indcno(l2,3-c,d)py7au-2H12 92 97 5.3 6 0  
DibCK1Zn(ab)14 99 101 . 2.0 6 0  
Beno(g,h,i)pnylene5HlZ 9s 92 3.2 4 0  

RPD: Relative Pment Difference 
NS: Not Spiked 
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TABLE 6-4 
SUMMARY OF QUALITY CONTROL RESULTS FOR 
EXHAUST GAS F6RMALDEElYDE ANALYSES 

Samule blicate AnaIvsis 
Lh@ Quality 

sample we Objective comments 

3-B-m-FOIIll #I 0.28 0.58 70 10 -DQo 

S-B-FOml#Z 0.26 0.57 75 10 E W D Q o  
Trip Spike 6.56 6.52 0.6 10 

Sample ID U g l s a m p l  e uglsampl e RPD for Duplicates 

4-A Form #1 0.40 0.42 4.9 10 

Suike AnaInis 
Expeaed waumd Lh@ Quality 

U g l s a m p  le uglsample Spikes 
Matrix spikff: 
3-A-FOrm#2 6.72 6.47 96 60-140 
4-A-Fom #1 6.72 6.54 97 60-140 
6-A-Form #1 6.72 6.49 97 60-140 

Trip Spike: 5.0 6.56 13 1 60-140 

Val= value %Recwery Objective for cornmenu 

Field Spike: 5.0 6.99 14C 60-140 

RPD Rela t ive~tDif re rence  
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. TABLEGS 
SUMMARY OF QUALITY CONTROL RESULTS FOR 

E m U S T  GAS VOC ANALYSES 

Samde Duulicate Resultq 
DataQuality 

Run# 1 Run #2 RPD Objective for 
Componmt SampleID ppb, vhr ppb. vhr Duplicates conmunb 

Benzene 3-B-VOC 0.69 0.94 31 20 ExccedsLimit 
3 -c -voc  0.38 0.34 11 20 
5-A-VOC 0.24 . 0.21 13 20 
5-B-VOC 0.35 0.31 12 20 

Toluene 3-B-VOC 55.0 66.6 19 20 
3 -c -voc  4.75 3.90 20 20 
5-A-VOC 0.43 0.35 21 20 Ex& Limit 
5-B-VOC 0.75 0.79 5.2 20 

Calibration Standard Identification #'s 

&nzplc NIST 1811 

Toluene NIST 181 1 

Matix spikes were not performed on VOC samples. 
RPD: RclativePamtDiffcrcna 
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TABLE 66 
SUMMARY OF QUALITY CONTROL RESULTS FOR 

ANALYSIS OF NATURAL GAS 

Ihts 
Replicate 1 Replicate 2 Wily 

Comparnt volume % volume Ya RPD Objective Commmu 

96.5 
1.84 
0.157 
0.024 
0.027 

ND4.001 
ND4.001 

0.023 

0.43 
094 
0.43 

0.034 
0.002 

NDc0.03 
m . 0 3  
m . 0 0 2  
ND4.003 
ND4.006 
ND4.001 
ND4.001 

96.5 
1.85 
0.157 
0.023 
0.027 

ND4.001 
ND4.001 

0.024 

0.43 
0.94 
0.43 

0.034 
0.002 

W . 0 3  
ND4.03 
m . 0 0 2  
NIW.003 
NLk0.M 
NIW.OO1 
ND4.001 

0.WA 
0.54% 
0.00% 
426% 
0.00% 

NC 
NC 
416% 

0.oo.A 
0.W.A 
0.oo.h 
0.oo.A 
0.w.A 

NC 
NC 
NC 
NC 
NC 
NC 
NC 

90-110 
90-110 
90-110 
90-110 
90-110 
90-110 
90-110 
90-1 10 

90-110 
90-110 
90-110 
90-110 
90-110 
90-110 
90-110 
90-110 
90-110 
90-110 
90-110 
90-110 

TABLE G 7  
NATURAL GAS ANALYSIS OF NIST 

STANDARD REFJ3RENCE MATERIAL 

csrtiticd Data 
Replicate 1 NlST Value Wily 

oxYgdAw= NDQ).M)3 m . 0 0 3  NC 90.110% 
Nitroga 2.632 2.612 0.77% 90-1 IOU 
Carbon Dioxide 1.002 LOG9 0.69% 90-1 10% 
M a h w  (C1) 90.435 90.494 0.07% 90-llW. 
Ethane (a) 4.056 4.010 1.15% 90-110% 
Pmpane (C3) 1.009 1.000 0.90% 90-110% 
i-BulanS (Or) 0.308 0311 0.96% 90-11ooh 
n-Butanc ('3) 0.300 0306 I.%% 90-110% 
i-Penbe (C5) 0.101 0.103 1.94% 90-110% 
n-Pentanc (C5) 0.103 0.101 1.98% 90-110% 
C6 Plus 0.055 0.054 1.85% 90-110% 

Component volume % volume % % Differawe Objective Comments 
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APPENDIX H 
ANALYTICAL AND BLANK CORRECTION DATA 
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. This Appendix contains summary tables of the laboratory analysis results for the exhaust gas. 
These tables indicate the analytical results obtained for field blanks, reagent blanks and laboratory 
preparation blanks. Field blanks are a sampling train that is set up and recovered at the test site using 
the same procedure as an actual sample. In general, field blanks are not used to correct the result but 
do indicate the level of the analyte present in the sample train introduced by the recovery procedures. 
Reagent blanks are collected in the field and consist of reagents and filters used for each sample train. 
Laboratory preparation blanks consist only of the chemicals needed to decompose and analyze the 
samples. All blanks are carried through the entire analytical procedure. Corrections to the data for 
reagent or preparation blanks are noted. For a series of tests the blank correction contribution is 
calculated as: 

n 

For example, the flue gas arsenic result was corrected for the reagent blank of 0.5 pg. Raw data for the 
test series were 2.1 and 2.6 pg per train. Metals run 2 was invalidated, so it is not included in the 
calculation. The blank correction contribution is calculated as: 

or p3.8% + 192%) 
2 

or 21.5% 

Blank corrections in no case bring the sample value below the reporting limit. If the blank correction 
results in a value lower than the reporting limit, the final result is presented as detected at the reporting 
limit. 

Tables in this appendix include: 

H-1 
- 

Trace Metals Analytical Results Summary 
H-2 PAH Analytical Results S u m  
H-3 PCB Analytical Results S U U U I I ~ ~ ~  
H-4 Formaldehyde Analytical Results Summary 
H-5 VOC Analytical Results Summary 
Hd Summary of Blank Corrections Made to Analytical Data 
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TABLE H-5 
VOC ANALhCAL RESULTS SUMMARY 

F're-testTcdlar BlanlrComzion 
Component Sample I.D. ppb. vhr Bag Blank Contribution 

Benzene 3A-VOC 
3B-VOC 
3c-voc  

Toluene 

4A-VOC 
4B-VOC 

0.82 NDCO.1 0.0% 
0.44 NDCO.1 0.0% 
0.36 NDCO.1 0.0% 

0.29 NDa.1 0.0% 
0.48 NDa.1 0.0% 

SA-VOC 0.22 NDa. 1 0.0% 
SB-VOC 0.33 m. 1 0.0% 

6A-VOC 0.46 NDCO.1 0.0% 
6B-VOC NDCO.1 0.0% 

3A-VOC 
3B-VOC 
3c-voc 

60.8 
4.47 
4.33 

0.37 0.0% 
0.37 0.0% 
0.37 0.0% 

4A-VOC 0.79 0.37 0.0% 
4B-VOC 0.92 0.37 0.0% 

SA-VOC 
SB-VOC 

0.39 
0.77 

0.37 0.0% 
0.37 0.0% 

6A-VOC 0.77 0.37 0.0% 
6B-VOC 0.37 0.0% 

VOC results are not corrected for the tedlar bag blank The bag was ftlled with the GC carrier gas 
(nitrogen) then analyzed. The analysis was performed prior to the test pesiod. therefore the 
blank levels are not truly representative of field conditons. 

The tedlar bag containing sample 6B-VOC arrived at the lab empty, and was not analyzed. 
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, TABLEH-6 
SUMMARY OF BLANK CORRECTIONS 

MADE TO ANALWCAL DATA 

Type of Blank BlankComdon 
Sample Typc Parametcf C o d o n  Conhiilltion 

ExhaustGas AneniC 
Barium 
Beryllium 
cadmium 
chromium 
cobalt 
Copper 
Lcad 
Manganese 
M e w  
Molybdenum 
Nickel 
Selenium 
Phosphorus 
Vanadium 

Laboratory Blank 
Laboratory Blank 
None 
None 
Laboratory Blank 
Now 
Reagent Blank 
Laboratory Blank 
Laboratory Blank 
None 
Laboratory Blank 
Laboratory Blank 
None 
Laboratory Blank 
None 

60% 
26% 
0.0% 
O.O?h 
26% 
0.0% 
19% 
23% 
35% 
0.0% 
6.0% 
20% 
0.0% 
5 1% 
0.0% 

PAH (aU wmpounds) None 0.OYO 

PCB (all compounds) None 0.0% 

Formaldehyde None 0.0% 

Volatile Organic Compounds None 0.0% 




