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Office of Air Quality Planning and Standards 
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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 a t  a number of utility 
sites, encompassing a range of fuels, boiler configurations, and particulate, 5 0 2 ,  
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 112. 
Site 112 consists of a residual oil-fired boiler with an electrostatic preapitator 
(ESP). Site 112 reinjects the collected ESP ash into the furnace to improve 
carbon burn-out. 

The Site 112 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. 

The Site 112 sampling and analytical plan also included a mercury comparison 
study. In general, Hg levels in fuel oil tend to be one to two orders of 
magnitude less than coal. The expected Hg concentration in flue gas is near or 
below the detection limit using the conventional multi-metals train, thus Hg 
can be difficult to accurately quantify - especially at oil-fired power plants. 
Along with the multi-metals train, two developmental techniques were also 
evaluated - the Nick Bloom/Frontier Geoscience's solid sorbent H g  speciation 
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train and an activated carbon trap with analysis using INAA by Dr. Ilhan 
Olmez of the Massachusetts Institue of Technology. Both of these alternative 
methods are able to achieve lower detection limits, and therefore have the 
potential to better quantify H g  emissions at oil-fired plants. The results of the 
H g  evaluation study were inconclusive. All three methods obtained results 
that appeared to be suspect. EPRI recommends that EPA consider the 
experimental nature of these alternative techniques when using the H g  results. 

Similar to the Group 1 FCEM sites, some sampling or analytical difficulties may 
have occurred with the VOCs. While the QA/QC data appeared to be 
acceptable, the measured VOCs at the ESP outlet were higher than at the ESP 
inlet. EPRI is continuing to review the Site 112 data. 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). 

The primary objective of this report is to transmit the preliminary results from 
Site 112 to the EPA for use in evaluating select trace chemical emissions from 
fossil-fuel-frred steam generating plants. It should be noted that the results 
presented in this report are considered PRELIMINARY. In addition to the raw 
data in the Appendix, the report provides an assessment of the trace metals 
material balances, discusses the data quality, identifies suspect data, and offers 
possible explanations for the questionable data. This report does not compare 
the resultsfrom Site 112 with the results from previous utility sites. Generic 
conclusions and recommendations were not drawn concerning the 
effectiveness of the electrostatic precipitator as a potential control technology 
for particulate phase trace metals; however, removal efficiencies were 
calculated where possible. Nor does this site report attempt to address the 
environmental and health risk impacts associated with the trace chemical 
emissions. 

~ 

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

Sincerely, 
.- 

Paul Chu 
Manager, Toxic Substances Characterization 
Environment Division 
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SECTION 1.0 

INTRODUCTION 

1.1 BACKGROUND AND 0- 

This report summarizes data gathered by Camot at a power plant designated Site 112 for 
a program sponsored by the Electric Power Research Institute (EPRI) and the host utility. The 
objective of the Field Chemical Emissions Monitoring Project (FCEM) sponsored by EPRI is 
to measure the concentrations of selected inorganic and organic substances in the process and 
discharge streams of power plants. These data are beiig used to determine the fate and control 
of these substances. 

The primary objectives of this report are to provide. information on fuel composition and 
stack emissions and to evaluate these data according to the criteria outlined below. The 
information is presented in a format suitable for the U.S. Environmental Protection Agency 
(EPA) to use to study emissions from fossil fuel fired power plants, as mandated by the Clean 
Air Act Amendments (CAAA) of 1990. This report summarizes fuel and stack gas concentration 
data measured during the operation of a tangentially fired boder firing residual oil. Emissions 
were controlled by an electrostatic pxecipiator. Sampling was conducted during July and August 
1992. 

Table 1-1 lists the substances of interest to the FCEM project. The target analyte. list and 
additional evaluation tests for chromium and mercury speciation were chosen for study at Site 
112. Camot conducted the testing and has prepared this report using the following procedures 
to evaluate the data: 

0 The type and quantity of quality a s m c e  samples were reviewed to determine 
the confidence that can be placed in the results; and 

The Q N Q C  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 
represent data variabfity, the 95 % confklence interval about the mean is also presented. The 
confidence interval incorpomes the combined process, sampling, and analytical variabilities. 

DO NOT CITE OR QUOTE 
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TABLE 1-1 

SlTE 1u 
FCEM SUBSTANCES OF 

Elements Organic ComDounds 

Arsenic 
Barium 
Beryllium 
cadmium 
Chlorine (as chloride) 
C b O U l i U m  

Cobalt 
Copper 
Fluorine (as fluoride) 
Lead 
Manganese 

Molybdenum 
Nickel 
Phosphorus 
Selenium 
Vanadium 

Mercury 

Benzene 
Toluene 
Formaldehyde 
Naphthalene 
Acenaphthylene 
Acenaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
pyrene 
Benz(a)anthracene 
chrysene 
Benzo@)fluoranthene 
Benzo@)tluoranthene 
Benzo(ahyrene 
Indeno (1.2.3-cd)pyrene 
Dibenzo(a,h)anthracme 
Benzo(g,h,i)perylene 
2-Methylnaphthalene 
7,12-Ddylbern(a)authracene 
3-Methylcholanthrene 

Additional Substances 

Total and hexavalent chromium by the EPA recirculation method' 
Hg(O), Hg(II) and methyl mercury by the Nick BloomlBrwks Rand solid sorbent 
methodology 
Total mercury by MlT activated carbon camidgelneutron activation methodology 

* Dcamnindm of Hexavdeut Chmmium Emission fmm Mtimray mnxs. Mclhod Manual for compliance with 
ths BIF Rcpktions EPA/53O-SW-91410. 

PRELIMINARY DO NOT CITE OR QUOTE 
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G d U T  

1.2 SAMPLING AND ANALYSIS PROTOCOL 

The sampling and analysis protocol for Site 112 is described in Appendix A. The FCEM 
program has attempted to employ standard sampling and analytical procedures when possible. 
The methcds used are comparable to those used at other FCEM sites with the following 
exceptions: 

e Benzene and toluene samples were collected in tedlar bags according to California 
Air Resources Board (CARE) methodology rather than using VOST sampling. 

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

PAHs were collected and analyzed according to CARE methodology. These 
samples were analyzed using isotope dilution methodology by high resolution gas 
chromatogmphy/low resolution mass spectromeby with selected ion monitoring 

a 

e 

(HRGC/LRMS-SIM) 

e Fuel oil samples were analyzed for metals by INAA where possible and by ICP- 
AES analysis to complete the analysis of target metal species. 

1.3 QUALlTY ASSURANCEIQUALITY CONTROL 

The completeness of the quality assurance data was reviewed to judge whether the quality 
of the measuxement data could be evaluated with the available infomation. Io general, the 
results of the QC checks available for Site 112 iudicate that the sample results are well 
chamcterized. An evaluation of the accuracy, precision, and uncmtainty of the data, even if 
only qualitative, is oonsided to be an important p t  of the data evaluation. A full discussion 
of each of these components of data 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, surrogate spikes, and laboratory control samples 
to detexmiue accuracy; and 3) field blanks, trip blanks, method blanks, and reagent blanks to 
determine if any of the samples were contaminated during collection or analysis. Most of these 
standard QNQC checks were used on samples from Site 112. Some QMQC checks do not 
apply to some types of analyses, for example, surrogate spikes do not apply to metals and anion 
analysis. The absence of any of these "standard" quality control checks from the Site 112 report 
does not necessarily reflect poorly on the quality of the data but does limit the ability to measure 
the various components of measurement error. 

PRELIMINARY DO NOT ClTE OR QUOTE 
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1.4 DATAQUALXTY 

The available QNQC results were compared to the data quality objectives presented in 
Section 5.0. QNQC 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 shows that the data quality objectives were met 
with the following exceptions: 

e The benzene and toluene values at the ESP inlet are lower than the outlet values. 
This indicates a concern for a possible sampling problem. 

Formaldehyde concentrationS may be biased high. An accurate assessment of the 
ovemll method blank level could not be determined. Both field and trip blanks 
had formaldehyde levels similar to the samples. This method allows field blank 
levels to be subtracted from the result, but because the levels were high, the 
lower reagent blank level was used for blank c o d o n s .  

Chromium concmtrations measured in the ESP outlet gas with the multimetals 
train were contamhted by the teflon-coated stainless steel in-stack filter holder. 
Total chromium measurements from the EPA chmium recirculation train were 
substituted. ine  ESP iniet gas sampies were not contamiuated because a giass 
filter holder was used. 

There are concerns with the mercury concentrations measuxed at the ESP inlet 
and outlet using the multimetals drain. The repOaing limit achieved was higher 
than needed to guantify mercury in all  sample fractions. Mercury concentrations 
of the ESP inlet and outlet gas collected and measured by techniques that are 
under evaluation provide altexnate mercury values. The values obtained have the 
advan- that they are below the detection limit of the reference method, but less 
quality assurance information is available. Both alternate methods are 
developmental; this was their first evaluation at an oil fmd site. 

Manganese concentrations in the ESP outlet gas may be biased high. Manganese 
concentsitions at the ESP inlet and outlet are similar. It is likely that the ESP 
outlet concentrations are biased high because ESP removal of manganese should 
be similar to other particulate metals. It is possible that a small amount of 
manganese from the potassium permanganate impinger may have conamhated 
the other impingers. High field blank levels relative to the sample values suppofi 
this conclusion. 

Molybdenum concentrations at the ESP outlet may be biased high. There were 
high field blank levels relative to sample values. 

0 

e 

- 

e 

e 

PRELIMINARY 
- 
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1.5 REPORT ORGANIZATION 

Section 2.0 of this report briefly describes the plant, the electrostatic pmipitator, and 
the sample locations. Section 3.0 discusses the results of the chemical analysis of the oil and 
flue gas streams. Section 4.0 discusses the results of the chmium and mercury speciation 
tests. Section 5.0 presents QNQC and engineering evaluations of the data. Section 6.0 presents 
example calculations, and a glossary of terns is provided in Section 7.0. The appendices 
contain information on sampling and analytical methods, stream concentrations, sampling data, 
process Operation, error propagation equations, and detailed QNQC data. 
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SECTION 2.0 

SlTE DESCRIPTI ON 

This section presents a description of the test site, designated Site 112, and the sampling 
locations at this site. 

2.1 FACILITY INFORMATION 

Testing was performed at Site 112 which began operation in 1968. The unit is a 
tangentially-fued Combustion Engineering (CE) boiler with a maximum rated capacity oF387- 
MW gross. This balanced d d t  unit was originally designed to burn coal, but currently fires 
a 1% sulfur residual fuel oil! It was -fitted with dual Buell/ENvIROTEcH wire.-and-plate 
electrostatic precipitators in 1978. The unit opemtes under a particulate limit of 0.1 1bMMBtu. 
C h  fmr?? the ESP h-rs is reinjected helow the bottom TOW of burners. The configuration 
of the unit is summanzed . in Table 2-1. Figure 2-1 presents aprocess flow diagram of Site 112. 

2.2 PARTICULATE CONTROL 

Site. 112 uses dual ele&@!.c precipitators fpr particulate control. Two ducts distribute 
the flue gas evenly to the north and south-electrostatic precipitators. Each ESP has eight fields 
and a collection area of 206,640 ft' for a specific collection area of 189 ft2/1,000 acfm. The 
particulate matter collected in the ESP hoppers is reinjected into the furnace to bum any 
remaining carbon. 

2.3 ASH REMOVAL FACLITIES 

Furnace hopper ash (bottom ash) consists of the larger and heavier ash that settles in the 
furnace hoppers. This ash in the furnace hoppers is manually removed on a weekly basis. It 
is ultimately disposed of in a landfdl. 

Some fly ash that is trapped in the ESP hoppers is sluiced on an as needed basis to clear 
pluggage. The fly ash sluice is treated and dewatend at the waste water treatment plant. City 
water is used for sluicing. A rear pass (superheater, reheater and economizer) ash sluice is also 
conducted as needed. The rear pass ash is sluiced with city water and treated at the waste water 
treatment plant. 

PRELIMINARY DO NOT CITE OR QUOTE 
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TABLE 2-1 
SITE 1U CONFIGURATION 

Maximum Gross Electrical Output 0: 
Particulate Emission Limits (lb/l@ Btu): 
Air Pollution Control: 
Boiler Type: 
Fuel Oil Additive: 
Fuel Type: 
Fuel Sulfur Content: (%)(') 
Fuel Ash Content: (%)" 
Fuel Heating Value: (Btu/lb)(') 
Furnace Hopper Ash Disposal: 
Fly Ash Disposal: @) 

Fly Ash Sluice Water Source: 

Rear Pass Ash Sluice Water: 
Cooling Water System: 
Cooling Water Source: 

Rear Pass Ash Disposal*): 

387 
0.10 
Electrostatic Precipitators 
Tangentially-fd 
Magnesium Oxide Slurry 
Residual Oil 
0.85 
0.03 
18,580 
Ianm 
Wastewater Treatment Plant 
City Water 
Wastewater Treatment Plant 
City Water 
Single Pass 
Sea Water 

(a) 
@) Not sampled 

Average values m d  during sampling 
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2.4 SAMPLING LOCATIONS 

Samples were collected at the four sampling locations identified in Figure 2-1. Fuel oil 
was the only feed stream sampled. One internal stxwm, the inlet gas to the ESP, was sampled. 
Two discharge streams were sampled: the ESP outlet exhaust gas and the furnace hopper ash. 

In February 1992, sampling of a partial boiler wash was conducted. These results are 
located in Appendix B and are used for mass balance purposes. 

A brief description of each sampling location follows: 

Fuel oil samples were collected by plant personnel three times a day during flue 
gas emissions sampling. These samples were composited for analysis to 
correspond with flue gas emissions tests. The fuel oil samples that were collected 
did not contain the magnesium oxide slurry. The magnesium oxide additive was 
analyzed for trace metals, however, the contribution was not significant. These 
results are presented in Appendix B. 

Flue gas entering the electrostatic precipitators was sampled at the twelve 
available tests ports on the two ESP inlet ducts. Six vertical ports were available 
per duct. A 
horizontal port was installed on the ESP inlet location to allow use of the 
hexavalent chromium recinulatim train. 

A total of 84 points were sampled for each isokinetic test. 

Flue gas exitiug the electrostatic precipitator was sampled at the eight available 
test ports on the two ESP outlet ducts. Four ports were available per duct. A 
total of 88 points were sampled for isokinetic tests. There were no accessible 
ports on the stack. The ESP outlet ports are positioned at an angle so a 
horizontal port was installed for hexavalent chromium sampling with the EPA 
recirculation train. 

Furnace hopper ash was dumped from the furnace hoppers into a bin four times 
for the test program. The furnace hoppers were dumped once before the start 
of the program, once after metals tests were performed, once after the chromium 
and mercury speciation tests were performed, and once after the retest for Semi- 
Volatile organic species. Grab samples from various depths in the bin were 
removed and composited. The furnace hopper ash dumped before the start of the 
test program was not used for any calculations or analyses in this program. 

A partial boiler wash was sampled prior to this test program. The boiler wash 
sampling consisted of three phases (1) a soda ash wash, (2) a water wash, and (3) 
the furnace hopper ash. In addition, composite fuel oil samples and magnesium 
oxide samples were collected and analyzed. The iveas downstream of the 
economizer could not be sampled. These areas include the air preheaten, duct 
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work to the precipitators, the precipitators, the ID fans, the breaching to the stack 
and the stack. 

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

2.5 PROCESS OPERATION DURING TESTING 

Tests were conducted at nominal full load, with the exception of Test 7 (one of the 
mercury speciation tests), which was conducted at 50% load due to one ID fan being out of 
service. 

Average load during testing was 365 Mw gross, with a m g e  of 355 to 374 Mw. 
Maximum achievable load was limited throughout the program due to ID fan capacity limits. 
With this limitation, the average load was 94% of the nted capacity of 387 Mw. 

During the tests, the fuel and air systems were operated in manual control which is 
normal opemion for this unit. The ID fans were operated at maximum capacity. and the FD 
fans were conmlled to maintaiu a safe negative furnace pressure value. Excess oxygen values 
(measured by boiler instnunentation on a wet basis at the economizer exit) averaged 2.0% for 
the north duct and 1.8 56 for the south duct. Flue gas recirculation fans and auxiliary burner air 
dampers were adjusted by boiler operators to achieve target steam temperaturn, and tended to 
vary from day to day. 

ESP operation was documented daily. Power levels (no power factor assumed) averaged 
136 kVA for the nolth ESP and 77 kVA for the south ESP. One to four of sixteen ESP sections 
were out of service for each test. 

- - 

Appendix E contains process opention data. 
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SECTION 3.0 

RESULTS 

This section summarizes the data collected at Site 112. Because the focus of this report 
is on exhaust gas emissions, only oil characterization data and gas stream data are presented here 
in detail. Sampling, prepamtion and analytical methods are summarized in Appendix A. 
Detailed data can be found in Appendices B and C. 

3.1 SAMPLINGSCHEDULE 

Sampling at Site 112 was performed in July and August 1992. 

Figures 3-1 and 3-2 present the sampling schedule for the first two weeks of testing 
* * . 1 _I-- c-- .L- F-K ....A tho rh-m&.m m@rnnrv -intion tegp. wmcn lnCiuuw u a u g  ~ U I  UT 1 LY I LWW -” 

Figure 3-3 presents the sampling schedule for the semi-volatile tests -.”-- that were repeated in the 
third week. Test numbers have been assigned sequentially and-all tests conducted &n&amously 
have the same number. Additional designators iudi&’&e sample train type and a p l i n g  

-...v-..I -.. I-----, 

h i v e  types of sampling trains were us& to collect flue gas samples for the FCEM species 
of,interest from the north and south sides of the ESP inlet and ESP outlet ducts. These &us 
were: multimetals txaius, semi-volatile organics trains, particulatelanion trains, tedlar bag 
samples for benzene and toluene, aad formaldehyde trains. Each rnultimetals, semi-volatile, and 

,‘particulatehion sample required a full haverse of both the north and south ducts. Particulate 
i samples were collected by EPA Method 17 (in stack fdter) at the ESP outlet location, and by 

EPA Method 5 at the ESP inlet location. Formaldehyde samples and tedlar bag samples for 
benzene and toluene were collected at a single point. ESP inlet sampling and ESP outlet 
sampling were conducted simultaneously for all m h s .  Semi-volatile trains were run in July 
1992, but had to be repeated in August 1992 because of a laboratory error which brought the 
samples to dryness during extraction and destroyed the samples. 

f 

For the total and hexavalent chromium tests the EPA recirculation train was run ‘ 
simultaneously at a single point at the ESP inlet and ESP outlet. For the mercury tests, three 
trains were run simultaneously at a single ESP outlet point: 1) the Nick Bloom/Brooks Rand 
solid sorbent method that speciates Hg(II), methyl mercury and elemental mercury by collection 
on KCl/soda lime and iodated carbon cartridges, 2) MIT‘s activated carbon cartridge method,, 
and 3) a multimetals tmin that was analyzed specitidly for mercury. The results of//iwo 
mercury tests (Runs 5 and 6) by activated carbon collection were invalidated by MW&se 

-_ -/ 
_/ 

” -1- . 
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of diffculties keeping the carbon packed properly during sampling. 

A composite sample of fuel oil collected during the mercury tests was also analyzed for 
total mercury by Brooks Round, by MIT, and by a contract laboratory using CVAAS. 

3.2 D A T A T R E A W  

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

3.2.1 Blank Corrections 

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 co& 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 reagent blank. Generally, field blank 
analyses are used to provide information on sample collection conditions but not to correct the 
results. When the blank correction is equal to or greater than 50% of the uncorrected 
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 d e m  at the reporting 
limit. Appendix H presents blank correction data, and an example of how the blank correction 
contribution is calculated. 

3.2.2 Average Concentrations 

The following criteria were used to av&e data from-the indiGdual i n s .  

0 When all values a~ 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 qort ing limit to calculate. the 
mean. For example: 

Analvtical values Calculation Mean Value 

0 

10,12,ND(8) (10+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). 
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When all analytical results are less than the reporting limit, the presented value 
is the largest reporting limit value expressed as ND (the largest reporting limit 
value). 

3.2.3 Summation of Multide Train Fractions 

Some sample trains, such as the anions, are analyzed in multiple fractions. If a l l  
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 detect, 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 r e p o d  as the sum of the detected values and one-half of the reporting limit for the non- 
detected values. 

3.2.4 Method Detection Limit and Reo0 rtille Limit 

The method detection limit (MDL) is defined by 40 CFR 136, Appendix B - Definition 
and procedure for the De€ennination of the Method Detection Limit - Revision 1. It states, 
"The method detection limit (MDL) is defied as the minimum concentration of a substance that 
can be measud and reported with 99 % confidence that the analyte concentration 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 repli*ltes with n-1 degrees of 
freedom at the 99% confidence level. 

Additional criteria are. imposed by the procedure for calculating subsequent method 
qorting limits. In practice, the method detection limit can be impacted by variability 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 repolting a result, a laboratory typically presents a reporting limit 
or quantitation limit. The numerical difference between the method detection limit as defined 
by the CFR and a laboratory's reporting limit varies for different types of analyses and sample 
matrices but generally varies from the MDL value to approximately three times greater than the 
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MDL. The values presented in this report are all based on individual laboratories’ stated 
reporting limits. 

3.2.5 Assienment of Bias and Uncertaintv Estimates 

In calculating 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 e m  propagation analysis was performed on calculated results to 
determine the contribution of process, sampling and analytical variability, and measurement bias, 
to the ovedl  uncertainty in the result. 

Example calculations and bias and uncertainty estimates are presented in Appendix F. 

3.3 OIL 

This section presents the analytical results for the oil samples. Complete results are 
presented in Appendix B for all samples. Appendix A presents the analytical methodology. 
Table 3-1 presents the fuel metals results from the composited oil samples corresponding to the 
multimetals train sampling times (Runs 1, 2 and 3), chlorine d t s  (&ns i, 2 ana 3, ani 
fluorine, sulfur, and fuel composition results (Runs 1 and 2). Table 3-1 also presents the mean 
value and the uncertainty in the mults calculated at the 95 96 confidence interval about the mean. 
The confidence interval is the range about the mean in which the true mean lies within a given 
probability. For example, it is 95 96 certain that the true mean beryllium concentration in the 
oil is between 0.043 and 0.077 pglg. The confidence interval calculation is discussed in 
Section 6.0. 

Measurements of the analyte concentrations in fuel oiltepoaed here were made using 
what Camot considered to be the most applicable method. The method chosen was an accepted 
analytical method for the sample matrix, had an acceptably low reporting limit and demonstrated 
acceptable precision and accuracy. 

Instrumental neutron activation analysis (INAA) was used for the d m  . ’on of 
arsenic, barium, chromium, cobalt, manganese, mercury, molybdenum, selenium, vanadiumand 
chlorine. Inductively coupled plasma atomic emission spectroscopy (ICP-AES) was used for the 
de€ermination of beryllium, cadmium, copper, lead, nickel and phosphorus. INAA analysis was 
used where possible because the results exhibit good precision and low reporting limits for most 
elements. Additionally INAA analysis involves few handling procedures and no wet chemical 
digestions, This ehinates most analytical difficulties associated with contamhation or 
volatilization of some elements. Appendix G contains an analysis of NIST fuel oil ssandard 
1634B by INAA and ICP-AES, GFAAS or CVAAS. Arsenic, mercury and selenium were 
quantitated more accumtely by INAA because of INAA’s lower reporting limit. Chlorine results 
by INAA were used instead of chlorine results obtained by ASTM D-808 because of the bener 
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precision exhibited by INAA analysis. 

Fluorine concentrations were measured using an ion selective electrode. Sulfur 
concentrations were measured by LECO SC-132. Carbon, hydrogen and nitrogen were 
measured with a LECO CHN/600 analyzer. The higher heating value of the fuel was measured 
by calorimetry by MTM D-240-87. The fuel ash content was measured gravimetrically by 
using ASTM D482. 

3.4 ESPINLET GAS 

Table 3-2 summarizes the concentration measurements made on flue gas entering the 
electrostatic precipitators. Additional data are presented in Appendix B. For the metals results, 
the probe and nozzle rinse, filter, and nitric acidhydrogen peroxide impinger catch were al l  
combined before analysis; therefore, the data represent the total @articulate plus vapor phase) 
concentration in the ESP inlet gas. The components of the train were combined after digestion 
to lower the reporting limits. Mercury results were obtained by analyzing the permanganate 
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. Anion 
results represent the sum of analyses of each sample hain portion. 

The total concentrations from each run were averaged according to the convention 
outlined previously to obtain an overall mean concentration and the unmxtainty at the 95% 
confhnce interval. The uncertainty in isokinetic tests involves a 14% bias because of the non- 
axial flow at this location. Appendix F contains detailed descriptions of bias estimates and 
uncertainty calculations. 

Table 3-3 summarizes the concentrations of the species in the flue gas emitted from the 
electrostatic precipitators. 

The analytical procedure for the multimetals trains was modified by combining the 
particulate and vapor phases for analysis as described previously for the ESP inlet gas. 

Emission results that need further explanation because of sampling or blank level 
problems include manganese, molybdenum, nickel and chromium. It is possible that small 
amounts of manganese from the potassium permanganate impinger in the multi metals train 
contaminated the acid impingers of the train on some samples. ESP removal efficiency for 
manganese was poor compared to other similar paxticulate phase metals, and field blank 
manganese levels were high. Molybdenum concentrations may be biased high also because field 
blank levels are high relative to sample values. Chromium concentrations were obtained using 
the EPA recirculation train because the multi metals train results appear contaminated from the 
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Teflon-coated stainless steel in-stack filter holder. The nickel values may also be contaminated 

glass fdter holder. Therefore, the inlet chromium and nickel results were not subject to the 
same potential contamination problems. More detail on these sampling and analytical problems 
is presented in Section 5. 

inlet location. 

I by this same problem. In comparison, the inlet multi metals train used a standard borosilicate 

Uncertainty calculations for this sample location are the same as described for the ESP 

3.6 EMISSION FACTORS 

Table 3-4 presents mean emission factors, expressed as lb/lO1* Btu for the ESP outlet. 

Mean particulate emissions at the ESP outlet were 0.0177 lb/l@ Btu. Chloride 
(3,590 lb/lO1z Btu) and fluoride (465 lb/10l2 Btu) have the highest emission factors of the target 
species. Among the me.&&, nickel, vanadium and phosphorus had the highest emission factors 
at 303,240 and 109 lb/lO" Btu, respectively. Emission factors for the other metals ranged from 
0.24-14.6 lb/lO1z Btu. 

Of the PAH target species, only naphthalene, fluorene, phenanthrene, and 
2-methylnaphthalene were detected. Their emission levels mged from 0.020-0.322 lb/lO1z Btu. 
Other PAR Species were not detected in the range of 0.011-0.175 lb/lO" Btu. 

Toluene had the highest emission value of the volatile organic target species at 
79.5 lb/10l2 Btu. Benzene and formaldehyde emission levels were 2.4 and 13.4 lb/1012 Btu, 
respectively. 

3.7 ESPPERFORMANCE 

The removal efficiency of the ESP with respect to the target inorganic substances is 
presented in Table 3-5. Removal efficiency was calculated from the avenge ESP inlet and outlet 
concentrations of the element, expressed in lb/lO1z Btu. The ESP had a particulate removal 
efficiency of 77%. The most prevalent metab, nickel and vanadium, were removed by the ESP 
at efficiencies similar to total particulate at 74% and 78%. These tests indicated a calculated 
removal efficiency of 83% for mercury, however the calculated uncertainty is also high (46% 
efficiency). The high level of uncerlahty should be. considered when i n t e r p h g  these results. 
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TABLE 3-4 
ESP OUTLET GAS EMISSION FACTORS AT SlTE 112 

(lb/lOu Btu unless noted) 

Substance M a  95% C.I. 

757,200 

18,582 
in,ooo 

13,300 
7,000 
483 
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TABLX 3-4 (continued) 
ESP OUTLET GAS EMISSION FACTORS AT SITE 112 

(lbllOU Btu unless noted) 

Subspnec MMll 95% C.I. 

0322' 

0.020 

0.020 

0.015 

2.4 

79.5 

13.4F 

0.077 

0.053 

0.007 

0.004 

0.86 

82.7 

39.3 
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TABLE 3-5 
SUMMARY OF ESP REMOVAL EFFICWCIES AT SITE ll2 

Substance 
UDcert;unty 

(as % Effciency) Removal Efficiency, 96 

Total Particulate 

Arsenic@) 
Barium 
Beryllium 
Cadmium 
Chromium 
cobalt 
copper0 
M ( I ) r n  

I v u l l g u ~  .’. 
Mercury 
Molybdenumo~m 
Nickelm 
Phosphorus 
selenium(* 
Vanadium 

~ ____._ m.rn 

77 8 

> 53 
54 
77 
30 
57 
75 
79 
53 
NC 
83 
60 
74 
68 

NC 
78 

NC 
40 
16 
49 
18 
10 
18 
21 
NC 
46 
10 
9 

10 
NC 
14 

Fluoride 5 46 
- Noms: 
NC-  ~otcalcuktsd. 
(1) 
(2) 

(3) 
(4) 

Field blanlr was grcatcr than 50% of the avenge yocomacd sample measurement for ESP inlet samples. 
Field bknk was grcatcr than 50% of the average ~cor rsc tad  sample measurement for ESP outlet 

Arsenic not d&cted at ESP outlet, removal efficiency may be. grcatsr than the indicated value. 
M6agancsc dusctcd at essentially the .same Ievel at the ESP inlet and outlet. Mangmw d t s  were 
14.5 Ib/lOu Btu at ESP inlet and 14.6 lb/lO” at the ESP outlet. ESP outlet levels M likely to be biaacd 
high baeed m high field blank results. 
salenium not dctsctsd at ESP inlet or OutlfL 
Cbioride d t s  were 2513 lb/lC” Btu at the ESP inlet and 3593 lb/lO” Btu at the ESP outlet. Removal 
efficiency is reported as 0%. 
Molybdenum levels at the ESP outlet may be. biased high baaed 011 high field blauk results. 
Nickel levels at the ESP outlet may be. b i d  high due to possible cmtamhti011 from a Teflon-coated 
srainlws steel M s r  holder. 

samples. 

(5) 
(6) 

(7) 
(8) 

Calculation of removal efficiency confdencc i ~ ~ ~ a l  (C.1.) presented in Section 6. 
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SECTION 4.0 

; OD EVALU TION TESTS 

This section presents the results of the chromium and mercury speciation tests performed 
at Site 112. 

4.1 CHROhflUM SPECIATION TESTS 

Table 4-1 presents the results of the chromium speciation tests using the EF'A 
recirculation train. This test series was considered an evaluation of the methodology because 
it was not known if the method was applicable to sources with high SO2 emissions and low 
chromium emissions. This program represents the fm application of this method to an oil-fired 
unit. The EPA methodology was modified to include periodic additions of potassium hydroxide 
to maintain the pH above 8.5. Maintaining the pH above this level should prevent the 
conversion of hexavalent chromium to the trivalent form. 

Triplicate tests for hexavalent and total chromium were performed at the ESP inlet and 
ESP outlet. An isotopically labelled chromium spike, 'lCP+, was added to one run (run 8) to 
assess conversion during sampling. The conversion rate of '*CP+ to 'IC?+ was 4% on the inlet 
sample, 55 56 on the outlet sample, and 2 % on the field blank. There were no noted testing 
problems to account for the diffeEnce in conversion between the inlet and outlet samples. The 
conversion rate indicates that this methodology may be viable at this type of source with further 
development. This methodology may be suitable for total chromium determination as well. At 
the ESP inlet comparable results were obtained between the recirculation train and the 
multimetals train: chromium emissions at the ESP inlet were 9.1 pg/Nm3 using the recirculation 
train and 10.4 pg/Nm3 from the multimetals train. Comparison between the results of the 
recirculation train and the multimetals train at the ESP outlet was not possible due to a sample 
recovery error on the ESP outlet multimetals train. 

The use of a 5N potassium hydroxide (5N KOH) in the recirculation train presented 
analytical difficulties. Total chromium results in the 5N KOH fraction were substantially higher 
than the hexavalent chromium results in the same fraction. According to the EPA methodology, 
the KOH fraction is filtered shortly after sampling so the KOH-insoluble trivalent chromium 
should be removed, and the extractable hexavalent chromium should remain in the solution. For 
this program, the total chromium results in the KOH solution were considered invalid based on 
previous experience with the ntio of total to hexavalent chromium in this fraction. Instead, 
hexavalent chromium was considered a better indicator of total chromium in the KOH fraction. 
Hexavalent chromium was used to calmlate total chromium in the KOH fmction. The 
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TABLE 4-1 
ESP INLET AND OUTLET CONCENTRATIONS OF 

TOTAL AND "T CHROMIUM 
EPA RECIRCULATION TRAIN METHOD EVALUATION TESTS 

SITE 112 

Concentration. neNm' 

46 Conversion. 
Substance Run 5 Run 6 Run 8 M W  95% C.I. of " C P  fo " C P  

ESP lnlel 

Total Chromium 9.3 8.8 9.3 9.1 1.5 

Hexavalent Chromium 1.24 ND(0.46) ND(l.15) ND(1.15) NC 4 

ESP Outlet 

Total Chromium 7.5 3.1 4.2 4.9 5.7 

Hexavalent Chromium ND(0.48) ND(0.61) ND(1.07) ND(1.07) NC 55 

* Run 8 only by ndiochcloical d y s i s  
ND( ) species not dacstcd. 
NC- notcalculated. - Note: This rcprrscnts the tint application of the EPA rccimr*tion hain to an oiland unit. 

-- ~- - -~ -~ ~ 
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substituted value was added to the total chromium values from the other fractions to obtain a 
total chromium result for the whole train. The 5N KOH reagent blank indicated high levels of 
C?’ relative to the samples, however this blank was considered non-representative of the 
reagents used during this test series and was not subtracted from the sample values. Additional 
QA information for the chromium speciation tests is presented in Section 5.4.7. 

4.2 MERCURY SPECIATION TESTS 

Mercury emissions were fmt sampled with a multimetals tmin during a full traverse of 
the ESP inlet and outlet ducts, then again with a series of mercury speciation tests. 

This test series measured ESP outlet mercury emissions data at a Higle point using three 
techniques: 

1) 

2) 

A multimetals train that was analyzed specifically for mercury. 

The Bmk RandFrontier Geosciences solid sorbent methodology using KCYsoda 
lime and iodated carbon mps  for methyl mercury, mercuryo, and elemental 
mercury (Hg(0)). 

3) 

The Brooks RandFrontier Geosciences solid sorbent methodology and the MIT activated 
carbon cartridge methodology are experimental techniques. This program represents the first 
application of these techniques to an oil-fired unit. The Brooks RandErontier Geosciences 
method was chosen for its potential to speciate mercury as methyl mercury, Hg(Z1) and Hg(0). 
The h4lT method was chosen because of the low reporting limits afforded by INAA analysis. 

In addition, a composite fuel oil sample was analyzed by Frontier Geosciences using 
CVAFS, by MIT using INAA and by a conmct laboratory using CVAAS. Table 4-2 presents 
the results of the flue gas tests and the associated fuel analyses. Mercury concentration data 
from earlier multimetals tests at the ESP inlet and outlet, and fuel analyses are included for 
comparison. Mass balance data is included for reference. 

The MlT activated carbon cartridge methodology for total mercury. 

Runs 5 and 6 of the MIT activated carbon method were invalidated by MIT due to 
sampling problems. Because this was an initial set up of the equipment, the carbon cartridges 
for these two runs became less tightly packed than was required for adequate absorption of 
mercury. The average total mercury concentration for the remaining two tests was 1.85 
pglNm’. 

Mercury@) and methyl mercury (species such as CH,HgCI) concentrations were 
determined by dissolving the KCI-impregnated traps in an acetic acid/HCI mixture, followed by 
aqueous ethylation, separation by gas chromatography, and detection by CVAFS. Mercury@) 
was detected as diethyl mercury and methyl mercury as methyl ethyl mercury. Subsequent 
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investigation by Fontier Geosciences has revealed that the method produces invalid results for 
methyl mercury; therefore, methyl mercury results are not reported in this report. Frontier 
Geosciences discovered that there is a reaction among acetate, sulfite, and H g O  that occurs 
during dissolution of the soda h e  traps. This reaction has been shown to produce methyl 
mercury. Therefore the methyl mercury that was detected can be attributed in whole or in part 
to the Hg@) collected in the KCVsoda lime traps. This report combines the results for methyl 
mercury and H g p )  as a sum, termed oxidized mercury. The Brooks RandlFrontier Geosciences 
method showed mean values for oxidized mercury and elemental mercury at 0.022 pglNm, and 
ND(0.021) pglNm3, respectively. 

The mean total mercury concentration shown by the simultaneous multimetals method 
was 0.47 pg/Nm3. Mercury analysis by CVAAS has a higher reporting limit than INAA or 
CVAFS analysis. 

The composite fuel sample results for total mercury were as follows: 

MITlINAA - 0.015 pglg 
Frontier GeoscienceslCVAFS - O.OOO9 pglg 
CVAAS - ND(0.02) pglg 

Due to the high reporting limits, CVAAS was not suitable for the determination of 
mercury in fuel oil. The results obtained from INAA and CVAFS analyses do not appear 
comparable to each other, yet both techniques offer a lower reporting limit than the conventional 
CVAAS procedure. The p d u r e s  for determining mercury in fuel oil by INAA and CVAFS 
are currently under development and are being evaluated by EPRI. 

Data for mercury concentrations determined from the full traverse multi-metals tests 
(Runs 1,2,3) and the fuel collected during these tests is presented in Table 4-2 for comparison. 

Table 4-3 presents a mass balance for the mercury speciation results and for the results 
of the full traverse multimetals tests. These mass balances were constructed with the fuel as the 
input stream and the flue gas at the ESP outlet as the only output stream. Other output streams 
were insignificant in the calculation of the mercury mass balance. 

Additional mercury concentration data from Runs 1 , 2  and 3 (from a full traverse) and 
the fuel collected during these tests is presented for comparison. 
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SECTION 5.0 

DATA EVALUATION 

Several procedures can be used to evaluate the information developed during a field 
sampling program. In the case of Site 112, three methods were used to evaluate data quality. 
First, the process 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 112 (is. equipment calibration and leak checks, duplicates, 
blanks, spikes, standads, e&.) was evaluated. Site 112 QNQC data were compared with 
FCEM project objectives. Data quality was evaluated using QNQC measurements that assess 
bias, accuracy and precision, such as blank measurement, matrix s p h  recoveries, sumgate 
recoveries, replicate runs and laboratory control duplicates. Third, material balances were 
calculated around the Wier/ESP system. Material balances involve the summation and 
comparison of mass flow rates in several streams often sampled and analyzed by different 
methods. Closure within an acceptable range can be used as an indicator of amrate results for 
streams that contribute signiticantly to the overall inlet or outlet mass rates, such as the fuel oil 
and ESP outlet streams. 

5.1 PROCESS OPERATION 

Process operating data were examined to ensure that operation was stable during sampling 
periods. Measurements were available from control room instrumentation. m s  operating 
data was collected at least two times a day except for July 23, when process data was collected 
once. Table 5-1 shows the key unit operating parameters and conditions. The coefficient of 
variation (CV) was calculated for each parameter to evaluate process variability over the three 
week test program. 

Steady boiler operation was observed during the test propam as indicated by the low 
CVs for the load, fuel flow and economizer exit oxygen levels. A graphical summary of load, 
fuel flow, economizer exit oxygen levels and ESP power levels is presented in Appendix E. The 
unit operated between 92 and 96% of full load. me maximum achievable load was limited by 
ID fan capacity limits. A mercury evaluation test (Run 7) was conducted at half load. ESP 
performance was n o d ,  although the number of operating sections and ESP power levels 
fluctuated from day to day. Between one and four of sixteen ESP sections were out of service 
for each test. South side ESP power levels were lower than nolth side ESP power levels.. 
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5.2 SAMPLE COLLECTION 

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 
c a l i b d  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, particulate/anions and PAH samples were comparable to those 
used at other FCGM sites. The sampling runs were well documented, and these flue gas samples 
were collected at rates between 90 and 100% isokinetic. Typical flue gas conditions were 6 8 %  
oxygen, 9 to 11% moisture, 330 to 350'F and flow rates of approximately 750,000 dscfm. 
These values are typical for an oil-fired utility boiier of this size. 

Sufficient data were collected using standard sampling and analysis methods to ensure 
acceptable data completeness and the compambility of measurements. Major differences from 
other FCEM program were that benzene and toluene samples were collected according to CARB 
Method410A in tedlar bags and formaldehyde samples were collected non-bkhetically 
according to CARB Method 430 in midget impingers containing 2,4-dinitrophenylhydrazine. 

Flue gas entering the electrostatic precipitators was sampled at the twelve available test 
ports on the two ESP inlet ducts. Six vertical ports were available per duct. A total of 84 
points were sampled for each isokinetic test. A horizontal port was installed on the ESP inlet 
location to allow use of the hexavalent chromium recirculaton tmin. This sampling location did 
not meet EPA Method 1 requkments for minimum distances from flow disturbances. Three- 
dimensional velocity testing indicated that the location did not meet EPA Method 1, Section 2.5 
criteria of S 2 0  degrees resultant angle and S 10 degrees standard deviation. The resultant angle 
was 10.2 degrees which met EPA Method 1 criteria, but the standard deviation was 11.9 
degrees. The high standad deviation at this location reflects the high level of flow velocity 
stratification; twenty of eighty-four points did not have measurable velocity levels. Some 
modifications were made to the sampling procedures because of duct obmctions or air in- 
leakage into the duct. These are described in Appendix A. 

Flue gas exiting the electrostatic precipitator was sampled at the eight available test ports 
on the two ESP outlet ducts. Four ports were available per duct. A total of 88 points were 
sampled for isokhetic tests. There were no accessible ports on the stack. The ESP outlet ports 
are positioned at an angle, so a horizontal port was installed for hexavalent chmium sampling 
with the EPA recirculation train. This sample location does not meet the EPA Method 1 criteria 
for minimum distances from flow distuxbanm, but does meet the resultant angle and standard 
deviation criteria. Three-dimensional velocity measurements indicated a resultant angle of 13.6 
degrees with a standard deviation of 6.8 degrees. Some modifications were made to the 
sampling procedures because of duct obstructions and to maintab the in-stack fdter used at this 
location at stack tempemre. 

There is a concern that there were sampling problems with benzene and toluene because 
the ESP inlet levels were lower than the ESP outlet levels. 
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Oil samples are considered to be representative of the oil fired during the flue gas 
sampling. Each oil sample analyzed was a composite of oil samples collected to bracket flue - .--- --A --- --- -__ 
gas sampling - -. periods: -- .-- I \ .--\ 

f 

lJJca~culated exhaust gas flow rates were used for this site. m e  flow rates for this site are 

!: Flow rate (dscfm) = (Gross MW - 12 MW aux power) * 9,776 Btulnet kw-hr * , 

calculated from the unit heat rate and F-factor as: 
i /! 

9,0oO dscf/106 Btu * 20.9/(20.9-%03 * hr/60 * 1,OoO kw/Mw 

\ This calculation was used because both pitot measurements and calculations based on the (I 

"petered fuel flow rate were subject to higher levels of u n c e d t y  than the average heat rate. ' 

The average heat rate of 9,776 Btulnet-kw-hr is within 34% of the actual heat rate at full load. 
The heat rate is calculated routinely at the facility from continuously monitored parameters. The ! 
average heat rate used for flow rate calculations was considered the current average value" 

/, c a l A W  during -- the _----- test p_rogram .._. ___ ..__ . . . ~ . ~ . ~ . . . __ . --.,T.' 

On average, the pitot traverse flow rate results were 13.7% higher than the heat rate. 
based flow rate results. This level of difference is typical for S-type traverses with flow angles 
of 10 to 15 degrees, and provides an indicator that using the heat rate method was appropriate. 
The phenomenon of positive biases in flow measurements obtained with S-gpe piiot i u k s  is 
documented in the reference "Flow and Gas Sampling Maoual" by TRW prepared for the 
Industrial &vhnmental Research Lab in July 1976. &cording to this refereom, S-type 
measurements have exhibited a positive bias of up to 15 96. 

Details on sample collection are contained in Appendix A (sampling and analytical 
Process stream flow rates and conditions during testing are presented in summary). 

-- .. .. ~ ~ .. . . ~ ~. ~~~~ 

. _. ~ ~ ~ ~. Appendix.D.- ~- 

5.3 EVALUATION OF MEASUREMENT DATA QUALITY 

An evaluation of the suality of the measurement data is based on quality control data 
obtained experimentally during sampling and analysis. Generally, the type of quality control 
information obtained that pertains to measurement precision, accuracy, and blank effects, is 
&ermined 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 s tap in the sampling and analysis process to isolate the 
source of a blank effm. Similarly, replicate samples may be generated at different stages to 
isolate and measure. sources of variability. The QA/QC measurn 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 quality of the data, but does limit the ability to 
measure the various components of measurement error. 
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TABLE 5-2 
TYPES OF QUALITY CONTROL SAMPLES 

QcAcriritJl C- ' .  Measured 

surrogatbspikcd samples 

B W  Effects 
Field Blank 

T~ip B W  

Mabod Blank 

R u g a d  B l ~ k  or Field Reagent B W  
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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 
measurements are based primarily on the actual sample matrix. The precision and accuracy 
estimates obtained experimentally during the test programs are compared with data quality 
objectives (DQOs) 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 
qwtify a d  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 112. The results 
of these analyses are summarized 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. No accuracy data were evaluated for_ the following . .  ~ analyses: - - _  - 

0 

0 Fuel composition and fluorine 

Duplicate, spiked and laboratory standax& axe typically perfonned with these analyses 
and there was no reason to conclude that the data repofled were unacceptable. However, not 
enough information was available to unequivocally validate the data. 

B m k s  Rand and MlT mercury speciation tests 
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The following potential problems were highlighted by the quality control data: 

0 Formaldehyde results may be biased high because an accurate assessment of the 
overall method blank level could not be detexmined. Because both field and trip 
blanks had formaldehyde levels similar to the samples the more conservative 
approach of co-g for the lab0r;ltOry reagent blank was used. 

The sample matrix prevented accurate analysis of acenaphthylene and anthracene 
in the ESP inlet samples and acenaphthylene, anthracene and benzo(a)pyrene in 
the ESP outlet samples. Reported values can be interpreted as biased low or as 
having a lower than normal reporting limit. In these cases where these PAH 
could not be accurately quantitated, the deuterated standard recovery was 
uniformly less than 2096, and the species were not detected in the samples. 
"Recovery corrections," that is adjusting the qorted value based on low or high 
surrogate recovery were not performed. In addition to the PAH species discussed 
above, other internal standard recoveries were lower than acceptable ( < 50%) for 
some tests. Results were recovery comcted in these cases. The overall 
emissions values are not considered to be impacted by these isolated low recovery 
results. 

0 

0 Blank corrections to ESP inlet and outlet lead results are significant at 42 56 and 
4096, respectively, of the original uncorrected value. The cause of high blank 
levels were in the labomtory digestion step of the procedure. 

Napthalene is a suspected degradation product of a common contaminant to the 
XAD-2 resin used in the PAR sampling train. (Thomson, RD., Foster, M.G., 
"Degradation of -2 Resin in Dry Storage and Its Impact On PAH Analysis," 
AWMA 1991.) Laboratory and  fie^ bb-%&-napthalene at 28% to 82% 
of the sample values. 

Post digestion spike recoveries for metals are low on ESP outlet samples because 
the spiking level was not sufficiently greater than the sample values. A spike that 
is significantly higher than the sample value is needed to obtain meaningful 
results. Spiked blanks and spiked inla samples do not indicate an overall low 
bias to the metals measurements or problems unique to the sample matrix. 

Metals that may have a low bias based on spike recoveries for ESP inlet and 
outlet samples are lead and barium. 

Total chromium results in the 5N KOH fraction of the chromium recirculati on 
train were substantially higher than the amount of hexavalent chromium measured 
in this fraction and are considered invalid. According to the EPA methodology, 
the KOH fraction is filtered shortly after sampliag so the KOH-insoluble trivalent 

0 

0 

0 

0 
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chromium should be removed, and the extractable hexavalent chromium should 
remain in solution. There is not sufficient information to support the total 
chromium values obtained in this sample fraction since spike analyses were 
performed only for hexavalent chromium in this sample fraction. Analythl 
diffculties with total chromium analysis in strongly caustic solutions are 
suspected based on previous experience with the ratio of total to hexavalent 
chromium in this sample fraction. For this test series, the hexavalent c h m h m  
measurement was considered a better indicator of total chromium in this sample 
fraction. 

Metals reported at si@icant concentrations in the field blank compared to the 
ESP outlet samples were copper, lead, manganese and molybdenum. 

The accuracy of the INAA analysis for metals in fuel oil needed to be 
detennined. Fuel oil standard 1634b was analyzed by INAA and by conventional 
techniques (ICP-AES, GFAAS or CVAAS). The results of the comparison are 
presented in Appendix G. In general, the INAA technique was reproducible and 
accurate. INAA results were used where possible. 

The following potential problems were determined by evaluation of the data with respect 
to ESP performance and mass balance considerations: 

ESP inlet and outlet benzene and toluene measurements may be biased low. 

ESP outlet chromium measurement from the multimetals trains biased high. 
These data were not used. Total chromium results from the EPA recirculation 
train provide a better chromium emissions estimate. 

ESP outlet manganese and molybdenum measurements from the multimetals trains 
may be biased high. Field blank levels of these species are similar to some 
samples. 

An additional concern in that the total amount of trace species contributed by the furnace 
hopper ash and the boiler wash is more uncertain than the exhaust gas or fuel sample 
measurements. As discussed previously, the furnace hopper ash flow rate was highly variable 
and the boiler wash results are considered low because large amounts of the wash were not 
Sampled. 

m- 
Presented below is a general discussion of considerations to be used when evaluating data 

and definitions of terms used to describe quality assurance indicators. 
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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 mditionally 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 =  - - xz x 100 
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. 

The efficacy of the analytical procedure for a given sample matrix is quantified by the 
analysis of spiked samples containing target or indicator analytes or other quality assurance 
measures, as necessary. However, all  spikes, unless made to the flowing stream ahead of 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 rhe sampie before spiking. 

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

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

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

A discussion of the overall measurement precision, accuracy, and blank effects is 
presented below for each measurement type. Complete QNQC data is presented in 
Appendix G. Appendix H presents analytical and blank c o d o n  data. Table H-12 contains 
a summary of blank correction contributions to the sample values. 
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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 of an outlet sample were 
wmpad to the data quality objective (DQO) of 10% RPD. The only metal exceeding 10% 
RPD was lead at 23% RPD. Arsenic and selenium were not detected so precision was not 
calculated for these species. 

precision for flue gas metals was also calculated based on replicate NIIS. This measure 
of precision should be more variable than duplicate analyses due to the added variability in 
process operation and sampling. The precision data on replicate NDS were compared to a typical 
objective of 20% CV. 

The metals results at the ESP outlet did not meet the 20% CV objective except for lead 
at 17% CV. ThecoefficientofvariationforallESPoutletmetalsrangedfrom 17-110%. This 
indicates that the outlet results were subject to greater variability than expected. 

The range of CV values for ESP inlet metals was 3-64%. The following metals did not 
meet the DQO for replicate NDS: arsenic, barium, cadmium, lead, manganese and mercury. 

Precision of fuel oil metal results analyses was calculated from laboratory duplicate 
analyses and from the results of three oil samples. Metals analyzed by ICP-AES (Be, Cd, Cu, 
Pb, Ni, P) all met the precision objective of 10% RPD except for phosphorus at 29% RPD. 
Precision for metals analyzed by INhI was acceptable at < 20% CV except cobalt and mercury. 

Precision of metals analyses in ash samples is estimated from duplicate laboratory 
analysis of one ash sample. Only cadmium, chromium and copper exceeded the 20% RPD 
precision guideline. 

In general, the precision data obtained for all metals analyses indicates that the laboratory 
analyses were of acceptable quality. Some variabiity on the ESP outlet and inlet gas samples 
may be due to b W  effects as discussed below. 

Accuracy 

The accuracy of metals analyses in flue gas was estimated from spiked samples. A spike 
recovery objective of 75-125 % is specified by the multi-metals method. One inlet and one outlet 
sample was spiked after digestion and before analysis. Typically, if the recovery is not within 
f 25% of nominal, the laboratory attempted to analyze the sample using either an alternate 
instrumental technique or by the method of standard additions (MSA). 
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Spike recoveries for ESP outlet samples ranged from 41-114% recovery, excluding 
barium that had 3% recovery. The spike recovery on ESP outlet samples was lower than 
objectives, however, in this case low recovery does not indicate a potential low bias to the 
analytical results. Low metals recoveries were caused by adding a low spike level of the analyte 
to the samples. In many cases this low spike level was indistinguishable from the metal content 
of the samples. 

The spike recoveries of the ESP inlet samples are acceptable, except for barium (14%) 
and lead (21%). These samples were spiked at the correct level so accurate spike recovery 
results could be generated. The ESP inlet samples are the same sample type as the ESP outlet 
gas samples so it can be concluded that spike recoveries are acceptable for flue gas samples, 
with only barium and lead results demonstrating analytical difficulties. 

Additionally, a pre-digestion spike was added to a blank sample to demonstrate that there 
were no gains or losses of metals in the analytical procedure. Predigestion spike recoveries 
were acceptable for all metals except selenium (39 %). 

The accluacy of metals analysis in fuel oil was estimated from spiked samples for ICP- 
AES analysis and from standad reference material NIST 1634b (metals in fuel oil) analysis for 
INAA. The NIST 16341, has certitied values for only a select number of metals. The ICP-AES 
sp& recoveries ranged iium ~ I U - I U I ~ .  i w i w i  W ~ S  S~L-J z UN luw B IL.vcI 

meaningful results. INAA results on NIST 16341, ranged from 78-125% for al l  metals except 
mercury and barium. Mercury results were 0.0014 pg/g or 135% of the uncertSed 
recommended NIST value of ND<O.Ool pg/g. Barium was 288% of the mcertified 
recornmeended value, however, similar results were obrained by ICP-AES analysis for this 
element. 

^^ ---- --- . . ~ - -  -:.--a .^^ ,--. ,,...-, *- ,,l,,&" 

. - The accuracy of metals in ash was not estimated in the sample matrix. Spiked laboratory 
~~ . - method blanks were evaluated and wereacceptable atW113%; - - - - - - 

Field blank metals levels were gmkr than 50 % of the uncorzected sample value for lead 
in ESP inlet samples, and lead, copper, manganese and molybdenum in the ESP outlet samples. 
Lead laboratory preparation blanks were at similar levels indicating a fairly uniform background 
lead level for all samples. Manganese and molybdenum reagent blank levels were low relative 
to sample values. Manganese and molybdenum results therefore appear to be biased high due 
to field handling rather than laboratory preparation. Though not to the same degree, copper 
mults also indicate that the results were impacted by field rather than laboratory handling.ESP 
outlet chromium samples from the multimeak train were invalidated because. of field 
contaminaton from the in-stack filter holder. Other blank levels are not significant compared 
to sample levels. 
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Blank levels on labontory blanks perfoxmed during the fuel analysis by ICP-AES and 
CVAAS were below 20% of the sample value except for mercury. The blank c o d o n  to the 
fuel mercury values by CVAAS was 69% of the original value. 

Blank levels on labontory blanks performed during the ash analysis by ICP-AES were 
uniformly low and were not subtracted from the results. 

Conclusions 

Flue gas sample blank effects have the most impact on the interpxetation of manganese 
and molybdenum ESP outlet sample results. These results are considered to be biased high. 
Other flue gas metals analyses am considered acceptable and within the variability of the 
sampling and analytical methods. 

5.4.2 Anions 

Precision 

ESP inlet and outlet samples indicated acceptable precision of < 15 % RPD for chloride 
and sulfate. Laboratory precision was not calculated for fluoride since it was not detected in 
either replicate. 

Replicate runs indicated acceptable precision of less than 20% CV for chloride and 
sulfate. Fluoride did not meet the DQO at 68% CV for outlet samples and 48% CV for inlet 
samples. 

Precision in oil samples for chlorine and sulfur were estimated from replicate runs. Both 
anion precursors showed acceptable pmision at 15% CV for chlorine and 2% CV for sulfur. 
Fluorine was not detected in the fuel oil. Precision could not be calculated for anions in the ash 
because chloride and fluoride were below the detection limit, and the sulfur result was from a 
single analysis. 

Accuracy 

The accuracy of anion analyses in ESP iulet and outlet samples was estimated from 
spiked samples. The anion train involved three matrices: solids extracted with water, a sodium 
bicarbonate/sodium carbonate hphger  solution and a 3 % peroxide solution. A spiked sample 
analysis was performed for each anion. Recovery results were: chloride 64-98%, fluoride 94- 
13796, sulfate 96124%. Although some values are out of the range of 80-12096 set as the 
objective, there were no apparent analytical difficulties. Not meeting the QMQC objective did 
not invalidate the results. 

Accuracy for sulfur in fuel was estimated from replicate laboratory control samples. The 
average recovery was 100.2%. Accuracy estimates for other anion precursors in fuel were not 
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reported, however, laboratory check samples are routinely verified during these analyses. The 
furnace hopper ash sample was spiked and the recovery was 109 % for chloride and 65 56 for 
fluoride. 

Blank Effects 

No blank effects were noted for exhaust gas, fuel or ash samples. Blank values were 
below the detection limit for all sample matrices. 

Conclusion 

It should be noted that although there are no apparent analytical difficulties, chloride 
wncentrations in the ESP inlet and outlet exhaust gas are appmxhnately two times higher than 
is possible from the chlorine content of the fuel. 

5.4.3 Polvcvclic Aromatic Hvdrocarbo na 

Precision 

Four PAH Species were detected in the ESP inlet and outlet gas (naphthalene, fluorene, 
phenanthrene and 2-methylnaphthalene). A DQO of 50% W D  was ser for PAH sampies 
because of the high relative uncertaiuties in the analysis of extremely hace species. Measured 
laboratory precision of matrix spike duplicates met the 50% DQO for both fluorene and 
phenanthrene. A matrix spike for 2-methylnapthalene was not performed. Matrix spike 
duplicate analysis results for Napthalene were not available. 

The measured precision for replimte runs met the 50% DQO except for 2- 
methyhqt@ene at the ESP inlet at 60% CV and fluorene at the ESP outlet at 107% CV. - -  --- _ _  ~ 

precision for PAH species for the ash sample was obtained by a duplicate analysis of the 
sample. Six PAH species were detected in the ash: fluorene, phenanthrene, anthracene, 
fluomthene, pyrene and 2-rnethylnaphthalene. Precision on the duplicate analysis of these 
species was 040% RPD. 

Additional precision data for PAH analysis can be derived from evaluation of duplicate 
matrix spikes and duplicate analysis of standards. Matrix spikes for PAH are spiked resin media 
spiked with native and deuterated PAH species and not spiked samples. These samples also 
demonstrated acceptable precision. 

Accuracy 

The accuracy of the PAH analyses is assessed by the recovery of labelled surrogate 
compounds added to each sample before extraction. Acceptable recovery of the surrogate is 50- 
150 % . The recovery for all detected PAH species was acceptable, ranging from 52-93 96. As 
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discussed previously, surrogate recoveries were low for three PAH species that were not 
detected: aceqhthylene, anthracene, and benzo(a)ppne. Recoveries of these species in field 
blanks and laboratory matrix blanks show no pattern of analysis problems. The low recoveries 
for these P M  species indicate that these species may not be accurately quantified in some of 
the samples. The field spikes added before sampling were al l  acceptable and ranged from 63- 
81 % recovery. PAH sumgate recovery from ash samples was acceptable. 

Blank Effm 

Laboratory and field blanks contain naphthalene at 28% to 82% of the sample values. 
Naphthalene is a suspected degradation product of a common contaminant to the XAD-2 resin 
used in the sampling train. Typically a l l  samples using this resin are biased high; however, it 
is difficult to evaluate. the extent of the high bias. Field blank levels of phenanthrene were 
approximately 15 % of the sample values. No other laboratory or field related blank levels were 
noted. 

Conclusion 

PAH analysis is acceptable, except for analysis of acenaphthylene, anthracene and 
benzo(a)pyrene, however, no estimate of measurement bias can be concluded from these results. 

5.4.4 Fmaldehvde 

Precision 

Duplicate analyses of ESP inlet and ESP outlet formaldehyde samples indicated 
acceptable precision at less than 10% RPD. 

ESP outlet replicate NDS had precision of 118% CV, which failed to meet the 20% CV 
objective. The outlet test results were highly variable at 3.44, 7.82, and 41.1 pg/Nm3. ESP 
inlet replicate runs bad acceptable precision at 8% CV. 

Accuracy 

Accuracy was estimated from field spikes. A field spike is a formaldehyde spiked vial 
of DNPH solution that is connected to the sampling equipment, leak checked and recovered. 
It is therefore exposed to the ambient air and field conditions in a similar manner to the sample. 
Spike recovery was 160% at the outlet and 208% at the inlet. These recoveries exceed the 
method specification of 60-14056 recovery. Recovery from a trip spike (spiked DNPH vial that 
is never opened) was 118%. There is a high bias to all  spike results. 
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Formaldehyde field blank levels were at the Same concentration or higher than sample 
values. Field blanks are collected in the same manner as described for the field spikes. Because 
there was no consistent and traceable contribution of formaldehyde, these blank levels were not 
subtracted from the results. Laboratory reagent blank levels were low and were subtracted from 
the results. The average blank correction from the laboratory reagent blank was 30% on inlet 
samples and 46% on outlet samples. 

Conclusion 

Formaldehyde samples are considered to be biased high because: (1) spike recovery and 
field blank levels at uniformly higher than expected and (2) the ESP outlet gas samples were 
variable with one run that was seven times higher than the average of the remaining two runs. 

5.4.5 Benzene and Toluene 

Precision 

Duplicate analyses of benzene indicated acceptable precision for ESP inlet samples at 
2% RPD. ESP outlet duplicates failed to meet the DQO with 43% RPD. The ESP outlet 
samples were low (near reporting limit) ranging from 2.5 to 3.9 pglNm3. Toluene duplicate 
analyses yielded acceptable precision at < 20 % RPD. 

precision of benzene measurements as assessed by replicate runs was 22% CV for ESP 
outlet samples and 47% CV for ESP inlet samples. Replicate runs indicated precision for 
toluene of 65% CV at the ESP outlet and 39% CV at the ESP inlet. 

Analytical accuracy for the b n e  and toluene samples was estimated from a spiked 
sample. Afte.r analysis a lmown volume of one outlet sample was spiked with a known volume 
of a benzene and toluene standard gas. This spike was used to masure potential matrix effects 
and assess the accuracy of the analysis. Recovery of benzene was 97% and recovery of toluene 
was 101%. 

Blank Effects 

Labratery blank levels were below the detectim & i t  for benzene and toluene analysis. 
Field blank levels were not evaluated. 
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Measured precision for particulate samples was 7% WDM for ESP outlet samples and 
9% RPDM for ESP inlet samples. 

I Accuracv 

EPA Method5 procedures for gravimdc analysis were used. These procedures 
~ generally have laboratory accuracy of 95-105 % and overall accuracy of 85 56-115 56. 

B m  

Acetone reagent blanks were subtracted from the front-half particulate catch of the 
particulate tests. Blank correction contributions were not significant and averaged less than 1 % 
for the particulate tests. 

Conclusion 

Particulate tests met standard criteria for acceptability. 

5.4.7 Method Evaluation T W  

i r n  
precision 

Both mercury evaluation techniques had measured precision for total mercury of 
< 20 % CV for replicate runs. Methyl mercury measurements by the Brooks Rand methodology 
had a calculated precision of 49% CV. It should be noted that methyl mercury was the only 
mercury compound dekzted above the detection limit with the Brooks Rand train. 

Accuracy 

No accuracy data was reported for the flue gas samples by Brooks Rand or MIT. 
However, both laboratories routinely perfom d y s e s  of standard reference materials and spiked 
samples. 
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Brooks Rand reported accuracy of the mercury concentration in fuel oil by the analysis 

of a matrix spike. Recovery was calculated at 99.4%. 

MlT determined accuracy of mercury in fuel oil by analyzing NIST Standard Reference 
Material 1634b Recovery was calculated at 135%. The mercury value of SRM 1634b is an un- 
wrtified informational value of <0.001 pglg. 

Blank Eff- 

Both Brooks Rand and MlT reported data that was blank corrected. Brooks Rand 
performed multiple reagent blanks and proofed laboratory glassware as additional method blanks. 
MIT performs a blank analysis on the lot of activated carbon used in the sample cartridge. The 
blank cornaction is then calculated from the mass of carbon used in each test m i d g e .  

Chromium Evaluation Te& 

Precision 

Preciiion results were acceptable considering the developmental nature of this sampling 
procedure. Precision for hexavalent chromium was 42% CV for the ESP outlet samples and 
37% CV for the ESP inlet samples. Precision for total chromium was 46% CV for the ESP 
outlet samples and 3% CV for the ESP inlet samples. 

Accuracy 

Analytical accuracy for hexavalent chromium was estimated by analyzing samples spiked 
in the laboratory and by analyzing a sample spiked in the field with an EPA audit sample. 

_ _  - Hexavalent chromium recovery of the labomtory spiked samp3 avenged 102%. Hexavalent 
chromium recovery of the EPA audit sample was 117% &I an i& &$e and -107 7% on 
outlet sample. 

Analytical accuracy for total chromium analysis was estimated from spiked samples. 
Spike results avexaged 99% recovery. Because total chromium is expected to be found in the 
Ntered solids and acid rinse of the train, spikes were performed on the solid fraction, but not 
the potassium hydroxide fraction. The analytical accuracy of total chmium measurements in 
5N potassium hydroxide was not evaluated during this test series. 

An additional check of the overall accuracy of the hexavalent chromium recirculation 
traii~ was made using labelled CP+ during one sampling run. Conversion of the labelled CP+ 
was 55% on the outlet sample and 4% on the inlet sample. 
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Blank Effects 

There were difficulties identifying representative blank levels in reagents during this test 
series because two laboratories and multiple lots of reagent were used. Some variation in 
measured blank levels is likely to be due to analytical difficulties with the 5N KOH matrix. 
Hexavalent chromium was detected in the 5N potassium hydroxide reagent blank solution but 
at higher levels than in most samples. The blank was considered non-representative and was not 
subtracted from the sample values. 

Total chromium was detected in the 5N potassium hydroxide reagent blank at 20-6096 
of the sample values. High total chromium in the 5N potassium hydroxide followed the trend 
of detecting more total chromium in this sample fraction than is considered possible using this 
sample train. Total chromium values from this sample fraction were not used. 

Total chromium levels in the reagent blanks representing the filtered solids and nitric acid 
impinger solution and Mse were low at 0.6 @g/train. The blank cormtion contribution in the 
filtered solids ranged from 2-1696. The nitric acid impinger solution and rinses were also 
corrected for this reagent blank. The average blank correction was 46 96. 

Field blank levels of total and hexavalent chromium were not detected but at higher 
reporting limits than the samples. Conversion of CP+ to C?+ in the field blank was 2%. 

Conclusions 

Total and hexavalent chromium emissions from an oil-fired unit were evaluated using the 
EPA recirculation train. This data can be considered representative of the use of this train under 
these conditions. 

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 
calibmtion. Also on file are calibrations for temperam indicators and pitot assemblies. Gas 
meters am 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 methodid and conservative approach was employed to collect the samples 
according to the specifications. 

The precision of the sampling can be estimated by comparing results for various 
parameters of the replicate samples, notably velocity, moisture content, and gas composition. 
These were fairly constant for each sample location. Comparisons of measured flow rate at each 
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location to calculated flow rates from the unit heat rate and F-factor were made. Average 
measured flow rates were 14% higher than the calculated values. 

The accuracy of the sampling is usually assumed from the calibration and proper 
operation of the equipment and from historical validation of the methods. Field blanks were 
used to assess any biases that may be caused by mntamiuation of the equipment, location, or 
operator errors. Field blank values were not subtracted from tests results. Field blanks were 
performed for all tests except the particulate/anions train. Reagent blanks were collected for all 
tests except PAH tests where laboratory reagent blanks are used. 

5.6 MATERIAL BALANCE RESULTS 

At Site 112, four key streams were used to defiue the material balance: fuel oil, furnace 
hopper ash, partial sampling of an off-line boiler wash, and ESP outlet exhaust gas. Because 
of the low ash content on oil fuel (0.01-0.0356 vs. 5-1556 for coal), the time frame for removal 
of solids for the boiler is longer than the duration of the sampling program. Table 5-5 lists al l  
of the possible streams for solid removal from the boiler, along with information on whether or 
not they were sampled. 

T.AiELE 5-5 
EXIT STREAMS FROM SITE 112 

Stream Operational Time Frame Sampling Time Frame 

~- ESP exhaust .Continuous ~. 
~ . ._ 

Four to six hours - -- _ _  - 
Furnace hopper ash 

Off-line boiler cleaning 

Batch dump as needed, 
every one to three weeks. 
Every scheduled unit 
outage, typically several 
months to over a year apart. 

One 5-day sample and two 
J-day samples collected. 

Monitored part of a boiler 
cleaning in February 1992 
following 14 months of 
operation. 

Rear pass ash Batch dump as needed, 
every one to six weeks. 

Not sampled 

Waki sluice of ESP hoppers Every one to three weeks, 
and ash lines as needed. 

Not sampled 
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Stream flow rates 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 measud input and output mass flow rates. Closures of 70-13056 have been 
set as a goal for the FCEM project. This range reflects the typical level of analytical 
uncertainty. Closures outside this mge  may indicate measurement problems in one or more of 
the sample matrices or a systematic bias imposed by the experhental design. 

Flow Rates 

Exhaust gas flow rates and fuel oil flow rates are consistent with unit load and have a 
high codidence level. The highest degree of uncertainty is associated with measuring solid 
removal rates for the furnace hopper ash, off-line boiler cleaning, rear pass ash, and sluicing of 
the ESP hoppers and ash lines. As presented in Table 5-5, the experimental design and the 
disparate time frames of removal mechanisms and sampling events result in high levels of 
uncertainty in these measurements. The primary uncertainty is that the sampling scheme may 
not have provided for complete measurement of a l l  solids removed from the boiier by the four 
mechanisms listed above. 

Table 5-6 presents the material balance results and the uncertainty interval calculated 
from the error propagation analysis. The table shows that the species fell into four groups: two 
volatile elements within the target range (mercury, sulfur), one volatile element outside the target 
range (chlorine), ten non-volatile elements outside the target range (barium, beryllium, cadmium, 
chromium, cobalt, copper, lead, nickel, phosphorus, and vanadium), and two non-volatile 
elements within the target range (manganese, molybdenum), Closures on arsenic, fluorine and 
selenium were not calculated because they were not detected in either the fuel or the ESP 
exhaust gas. 

The calculated uncertainties in the closures are due primarily to uncertainties in the 
exhaust gas analysis, and secondarily to uncertainties in the fuel oil analysis. Calculated 
uncertainties for the furnace hopper ash and off-line boiler wash were high on a relative basis 
but low on an absolute basis, since a small amount of material was collected. The largest 
uncertainty, whether or not the experimental design provided for adequate measurement of solids 
removal frum the boiier, could not be quantified and was not included in the analysis. Specific 
discussions on individual species outside the target range are presented below. 

Chlorine 

The mass halance for chlorine of 225 f 65% appears to be caused by a high bias in the 
exhaust gas measurement, although no sampling or analytical prublems could be identifkd. 
Chlorine content in the fuel was typical for INAA analysis at 30pg/g or 1600 1b/lO1* Btu. Both 
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MATERIALBALANCES 

SITE 112 

Substance outlln, % uneltainty, % Closure 

Arsenic”’ NC NC 

Beryllium 22 14 

Chlorine 225 65 

Cobalt 11 6 
COppePJ 23 i0 
Fluorine” NC NC 
a d @ )  (4) 14 3 
MaugaIlesd44’ 92 40 
Mercury 73 37 
Molybdenum(4) 112 55 

Phosphoxus 14 3 

Barium 16 9 

Cadmium 50 39 

Chromium 35 22 

16- -. - ~_ 5 _ _  Nickel 

Selenium(’) NC NC 
Sulfur 106 2 
Vanadium 22 14 

NC - Not calculated 
(I) 

* 
@) 

(4) 

Arsenic and selenium not detectd at ESP outlet. 
Fluorine not detected in fuel. 
Field blank was greater than 50% of the average uncorzected sample measurement 
for ESP inlet samples. 

Field blank was greater than 50% of the avenge uncorzected sample measwcment for 
ESP outlet samples. 
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ESP inlet and outlet exhaust gas chloride measurements were higher than expected from the fuel 
input. Chlorine content in the furnace hopper ash and off-line boiler wash were negligible and 
do not contribute significantly to the closure. 

Non-Volatile Elements Below Tarpet Ranee 

Closure for ten of the twelve non-volatile elements was below the target range. 
Calculated uncertainties were relatively low, indicating a systematic bias between fuel input and 
ESP outlet measurements. Review of the data does not indicate a consistent high bias in fuel 
measurements, a low bias in exhaust gas sampling, or a low bias in exhaust gas analyses. The 
exhaust gas values are considered to be representative of unit emissions during the tests, and the 
fuel oil analyses are considered to be representative of the oil burned. The largest uncertainty 
is in the experimental design, which may not have allowed for adequate quantifcation of solids 
removal from the boiler. 

Non-Volatile Elements Within Tareet Closure Ranee I 

The mass balance results for molybdenum and manganese were 112 f 55% and 
92 f 4056, respectively. The calculated uncertainty in the mass balance results for these 
elements is relatively high. This indicates that closure for these elements may not be 
substantially diffemt than for other particulate metals. Fuel oil analyses are considered to be 
accurate. Examination of the ESP outlet analytical data indicates that these. two metals have high 
field blank levels relative to some but not all sample values. Because the field blank levels are 
not subtracted from the results, the average ESP outlet emissions may be biased high. 

Mercury 

A few additional comments are needed here regarding the mercury mass balance. 
Although the mercury mass balance was within the target range at 73 % there are concerns that 
the mercury values measured from the multimetals trains are highly variable. This is exhibited 
by the unexpected result of 83% mercury removal efficiency by the ESP. There are also 
concerns that the ESP outlet mercury results from the multimetals train are near the method 
reporting limit and therefore are known with less certainty and do not completely characterize 
mercury emissions from this source. The mercury value considered to have the lowest 
uncertainty from this test program is the fuel mercury value by INAA. 
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SECTION 6.0 

EXAMPLE CALCULATIONS 

This xion presents the methodology and sample calculations used to develop the results 
pmnted  in Sections 3.0 and 4.0. Specifically, the calculation of stream flow rates, unit- 
energy-based results, and confdence intervals are discussed. 

6.1 STREAMFLOWRATES 

Appendix D presents information about the stream flow rates measured or calculated at 
Site 112 during the sampling perid. 

ESP inlet and outlet gas flow ram were calculated from the unit load heat rate and F- 
factor as described iu S ~ i h  5.2. Xtkiigh fie% rzes YPIP meauted directly during 
sampling the calculated flow rate is considered to be more accurate for these sampling locations. 
The heat rate was calculated by the plant from recent Site 112 performance data. 

Fuel oil flow rates were measured by plant instrumentation. The plant instrumentation 
was not more than *5% accurate when comparing expected fuel flow to unit load at steady 
operating conditions. The plant instrumentation for fuel flow readings were occasionally as 
much as 10% different from the expected fuel flow at a given load. - 

- --_ - - . _  - - _  

The furnace hopper ash flow rate. was estimated from three funme hopper ash dumps 
during the test series. The total ash dumped was highly variable ranging from 0.51 lblhr to 
12.02 lb/hr. The average ash flow rate was 5.47 lblhr or 0.0022 lbll06 Btu. 

Ash was allowed to accumulate during sampling and was dumped at time intervals to 
represent the metals tests and the chromium and mercury speciation tests. A f d  ash dump was 
used only to contribute to determining the ash flow rate. Grab samples were taken at various 
depths from the ash bin and compositd. For each ash dump the following information was 
record& total volume of ash, density of ash, hours since last ash dump, and the number of 
barrels of oil used since the last ash dump. 

The ash flow rate and ash per l@ Btu were calculated from these parameters. For 
example, the following data were collected for one ash dump: 

Time ash accumulated 7/16 - 7/21/92, 120 hours 
Total ash volume, cm3 222,995 
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Ash density, g/cm3 0.951 
oil used, barrels 53,940 

The furnace hopper ash flow rate is calculated as follows: 

Total ash, lb/hr = total ash, cm3 x density, g/cm3 

x lb/454g x llnumber of hours 

= 222,995 cm3 x 0.951 g/cm x 1/454 g/lb x 11120 hr 

= 3.89 lb/hr 

Total ash, lb/lo6 Btu 

= total ash, cm3 x density, g/cm3 x lb/454 g 

i (oil used, barrels x 6.32 MMBtu/barrel) 

= 222,995 cm3 x 0.951 g/cm3 x lb/454g x 1153,940 barrels x 116.32 
MMBtU/barrel 

= 0.00137 lb/106 Btu 

Because this system uses char reinjection there are no other ash collection points that can 
be routinely sampled. 

6.2 MEANS AND CONFIDENCE INTwvALs FOR STREAM CONCENTRATIONS 

The mean concentmtions and 95% contklence intervals (Us) 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. The error propagation equations used to 
calculate uncertainties for ESP efficiency and mass balance results are also presented in this 
section. 

Example calculations for cadmium in the ESP outlet gas follow here; these results were 
shown in Table 3-3. 
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The concentration data (in pg/Nm3) given for cadmium io Table 3-3 am: 

- Run 1 &gQ - Run 3 

0.96 0.13 0.18 

The mean is calculated from the individual run totals: 

Mean = (0.96 + 0.13 + 0.18)13 

= 0.42 

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

S, = \1[(0.96-0.42)' + (0.13-0.42)' + (0.184.42)3 /2 

= 0.465 

The standard deviation of the average is cai- according io iht: qiiaiiUii iii 
Appendix F for N = 3: 

= 0.268 
- 

~ - - - _  ~ 

The bias error is found by root-sum-squaring the product of the bias error and the 
sensitivity from each run (see Appendix F). Acceding to the conventions 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. The sensitivity of the mean to each 
run in this case is 113. An additiod bias of 14% of the sample value or 0.059 is inhroduced 
because of the difference in panicle collection from ideal conditions during isokinetic tests. 

p, = J((1/3 x 0)' + (1/3 x Oy + (1/3 x 0)')' + (0.059>' 

= J(O>' + (0.059)' 

= 0.059 
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The total uncertainty in the m l t  is f&nd from: 

= d(0.059)' + (4.3 x 0.268)' 

= 1.15 

Thus, the result is reported as 0.42 f 1.15 pg/Nm3. 

For ESP removal efficiencies the uncertainty as % efficiency is calculated from the 
following standard error propagation equations: 

ESP inlet value = A i 8A where 8A = S p i n  

ESPoutletvalue=Bi8B 

Using the example of ESP efficiency for cadmium, the following calculations were performed: 

man SE a!&- 
ESP inlet, lb/lO'* Btu 0.47 0.14 0.081 

ESP outlet, lb/lO'* Btu 0.33 0.37 0.211 

ESP inlet - outlet = -14 i J(O.OSl)* + (0.211y= .14 i 0.226 

= 0.299 i 0.485 

or the ESP was 30 f 49% efficient for the removal of cadmium. This large m g e  reflects the 
large uncertainty in sample values for cadmium as illustrated in the previous example for 
confidence interval calculations. 
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G(A+B+C) = 

G d O T  

For mass balance results the uncertainty as !% closure is calculated similarly to ESP 
efficiency u n c e d t y  using standard error propagation equations. 

Closure = E(Out/in) = (A+B+C)/D 
A = ESP outlet air samples 
B = boiler wash 
C = furnace hopper ash 
D = oil input 

where 

(yr + (2 x 0.1@ + (3.07 x 0.62)2 = 2.75 Ib/1OU Btu 

where 6A, 6B, 6C, 6D are the uncertainties in these measurements, (5) , and all values are 

in Ib/lO'z Btu. The uncertainty in the outputs (A+B+C) is calculated as: 

6(A+B+C+) = J(6A)' + (SB)' + (SC)' 

and the uncertainty in the outputhput is calculated as: 

Using the example of mass balance uncertainty for chmium,  the uncextainty is 
calculated as: 

Uncertainty in D (fuel oil) = - SP 
fl 

Uncertainty in B @oiler wash) = 200%. This uncertainty is based on the bias assumed 
for missed sampling during the boiler wash. 

Uncertainty in C (furnace hopper ash) = 307 % . This uncertainty is calculated from the 
Using the chromium values in variability in total ash collected from the ash dumps. 

Appendix B, the mass balance uncertainty is calculated as: 
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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/ff) and multiplying by the fuel 
F-factor and O2 correction, accordiug to EPA Method 19. 

The equation used for trace species emissions is: 

lb/10" Btu = pg/m3 x m3p5.31 ft3 x Ib1454g x F-fator @ 0% O,, &@MMBtu 

x 20.9/(20.9 - % 0,) x lob pglg x lo6 

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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GLOSSARY 

ASTM 
BR 
Btu 
CAAA 
CEM 
CI 
cv 
CVAAS 
CVAFS 
DL 
DQO 
d s c h  
EPA 
EPA MM 
E P m l I C P  
EPAREC/IC-PCR 

ESP 
FCEM 
F r -  ~ 

GC/m 
GFAAS 
GRAV 
HIN 
HPLC 
HRGC/LRMS-SIM 

IC 
ICP-AES 
ID 
INAA 
ISE 
LJXO-CHN 
LECO-SC132 
LCS 
Mrr 

PRELIMINARY 

American Society for Testing and Materials 
Brooks Rand 
British Thermal Unit 
Clean Air Act Amendments of 1990 
Continuous Emissions Monitor 
Confidence Interval 
Coefficient of Variation 
Cold Vapor Atomic Absorption Spectrophotometry 
Cold Vapor Atomic Fluorescence Spectrophotometry 
Detection Limit 
Data Quality Objective 

65PE;) Y ' y  JLpUuaA" Lii".b I w. p. *._"I \*..-, "" 
U.S. Emironmental Protection Agency 
EPA Multi-metals Train 
EPA Recirculation train for total Chromium with ICP-AES h d y s i s  
EPA Recirculation Train for Hexavalent Chromium with Analysis 
by Ion Chromatography with Post Column Reaction 
Electrostatic Precipitator 
Field Chemical Emissions Monitoring 
Forced Draf- 
Gas Chromatography with Photoionization Detector 
Graphite Furnace Atomic Absorption Spectrophotometry 
Gravimetric Analysis 
Higher Heating Value 
High Pressure Liquid Chromatography 
High Resolution Gas ChromatographylLOw Resolution Mass Spectrometry 
with Selected Ion Monitoring 
Ion Chromatography 
Inductively Coupled Plasma Atomic Emission Spectroscopy 
Induced Draft 
Instrumental Neutron Activation Analysis 
Ion Selective Electmde 
Leco Carbon, Hydrogen, Nitrogen Analyzer 
Leco Sulfur Analyzer 
Laboratory Check Standards 
Massachusetts Institute of Technology 

-. ---a--A t- l.:,. E& -- xu;in..ta I1.Itn.l 
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MMBtu 
Mw 
NC 
m 
NIST 
Nm3 
NM 
NP 
NR 
PAH 
PISCES 
QNQC 
RPD 
RPDM 
UOM 

Million British Thermal Units 
Megawatt 
Not Calculated 
Not Detected 
National Institute of Standards and Technology 
Dry Normal Cubic Meter (O'C, lam) 
Not Measurable 
Not Performed 
Not Reported 
Polycyclic Aromatic Hydrocarbons 
Power Plant Integrated Systems Chemical Emission Study 
Quality Assurance/Quality Control 
Relative Percent Difference 
Relative Percent Difference from the Mean 
Unit of Measure 
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APPENDIX 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 112. Summary tables presented include the following: 

A-1 

A-2 

A-3 

A 4  

A-5 

A d  

A-7 

A-8 

Reference Table for Sampling Methods 

ESP Inlet and Outlet Test Schedule and Sampling Comments 

3-D Velocity Summaries for the ESP Inlet and Outlet Sampling Locations 

Sampling Train Configurations for ESP Inlet and Outlet Samples 

Sampling and Analytical Methods for ESP Inlet and Outlet Samples 

Sampling Schedule for Fuel Oil and Ash Samples 

Analysis methods for Fuel Oil and Ash Samples 

Sample Handling and Preparation Procedures 

Descriptions of the exhaust gas sampling trains and process sample collection methods follow the 
summary tables. 
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TABLE A-1 
REFERENCE TABLE W R  SAMPLING METHODS 

strram Tareet Substances Collection Method 

ESP Inlet and Outlet Metals: As, Ba, Be, Cd, Co, Cr, Cu, Hg. 
Mn, Mo, Ni, P, Pb, Se, V 

Polycyclic Aromatic Hydmcarbons 

Benzene, Toluene 

Patticulatc, SQ, CL', F 

4, c4 
Formaldehyde 

Mercury (Evaldon, ESP Outld) 

Total and Hexavalent Chromium 
( E V d W h )  

Msrals, anion prscursors, composition, 
hating vdue 

Furnace Howcr Ash 

Boiler Wash 

Msrals, PAH, anions 

Metals, PAH, anions, total mlida 

EPA Multi-metals 

CARE 429 

CARE 410A (bags) 

EPA 518, CARE 421 

EPA 3A 

CARE 430 

Bmoka Rmd (XCVsOaa lime and 
iodated carbon cartridges) 

ha (carbon camidgcs) 
Multi-metals 

EPA ltecirculation Tmiu 

CompoJitcd gab samples 

Composited grab samples 

Integnced liquid sampling 

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

Note: EPA Method 5 used to collect ESP inlet samples. EPA Method 17 (in-stack filtration) used 
to collect ESP outlet samples. 
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TABLE A-3 
3D VELOCITY SUMMARY 

ESP INLET 
SITE 112 

Sample Resultant Sample Resultant Sample Resultant 
Portlpoiat Angle, e Porr/point Angle, Polt/Point Angie, * 

A2 7.0 D1 0.8 I6 0.8 
A3 4.1 E7 2.2 Is 0.8 
A4 0.8 E6 5.1 I4 4.1 
A5 1.3 E5 15.0 J3 3.1 
A6 16.0 E4 25.0 I2 50.0 
A7 43.2 E3 29.0 17 2.2 
B7 8.1 E2 8.0 16 1.3 
B6 0.8 F7 4.1 15 10.0 
B5 8.0 F6 3.1 14 32.0 
B4 9.0 F5 2.2 13 0.8 
B3 0.8 F4 0.8 12 0.8 
B2 30.8 F3 2.2 J1 0.8 
B1 0.8 E2 3.1 K7 3.1 
c 7  8.7 G7 5.1 K6 25.0 
C6 2.2 G6 10.0 K5 46.0 
c 5  8.0 Gs 3.1 K4 62.5 
a 0.8 G1 10.0 K3 8.0 
c 3  0.8 G3 15.0 K2 8.3 
c 2  0.8 G2 20.0 L7 62.4 
c1 0.8 I37 7.0 L6 141.2 
D7 3.1 H6 3.1 I5 21.5 
D6 0.8 H5 5.1 lA 123.2 
D5 15.0 €I4 20.0 I3 72.7 
D4 18.0 II3 0.8 L2 65.6 
D3 0.8 IIZ 0.8 
M 0.8 I7 3.1 

RESULTS: 

Yaw Angle: -7.3 degrees Velocity: * 35.9 f p s  (Wsec.) 
pitch Angle: -0.2 degrees Axial Velocity: 35.2 f p s  
Resultant Angle: 10.2 de- 
standard Deviation: 11.9 de& 

(continued) 
Note: All mults are averages for the test. 
* Velocity in the -on of flow. 

Notes: 
1. 

2. 

3. 

No flow was measured at the following points: B1, B3, C1, C2, C3, D1, D2, D3, H2, H3,11, 
J2, and J3. 
The following points were elimiaated due to possible flow obstructions near the duct wall and/or 
to possible air in-leakage (low stack temp.): Al, El, F1, G1, H1, 11, and K1. 
Polt L and point K4 was eliminated, flow d i g s  were outside of the calibration curve’s 
specifications. 
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TABLE A3 (continued) 
3D VEZOCITY SUMMARY 

ESP OUTLET 
SITE 112 

Sample Resultant Sample Rcsuhant Sample Resultant 
PortlPoint Angle, PortlPoint Angle, Portlpoint Angle, 

A1 1 
A10 
A9 
A8 
A7 
A6 
As 
A4 
A3 
A2 
A1 
B11 
B10 

B8 
B7 
B6 
B5 
B4 
B3 
B2 
B1 
c11 

~- c10 
c 9  
C8 
c 7  
C6 
c 5  
01 

RO _ _  

6.1 
7.2 
11.5 
13.8 
17.8 
15.4 
13.0 
5.8 
1.3 
5.0 
20.9 
5.3 
9.1 
17.q 
13.1 
27.3 
16.3 
19.5 
18.5 
20.6 
14.1 
26.7 
15.1 
13.7 
13.8 
15.3 
15.0 
17.5 
16.8 
16.3 

c 3  16.6 
c 2  16.3 
c1 2s .4 

D11 21.5 
D10 21.1 
D9 17.7 
D8 17.5 
D7 16.6 
D6 11.7 
D5 5.0 
w 5.7 
D3 6.1 
M 12.1 
D1 3.4 
El l  5.5 
E10 11.6 
39 15.4 
E8 17.5 
E7 15.1 
E6 11.8 
E5 8.0 
E4 4.0 
E3 11.4 
E2 - 19.5 
El 29.1 
F11 4.0 
F10 2.7 
F9 4.1 
F8 0.8 
F7 2.4 

F6 6.8 
F5 11.1 
F4 15.8 
F3 16.6 
Fz 16.7 
F1 28.7 

G11 15.2 
G10 9.3 
G9 11.8 
G8 14.0 
G7 15.7 
G6 15.8 
G5 18.7 
G4 15.5 
G3 26.5 
G2 20.2 
G1 31.9 
HI1 20.0 
H10 18.1 
n9 12.2 
H8 11.9 
H7 11.1 
H6 10.2 

- . ~ ~ ~~ 3 5  - .. .-9.4 
H4 9.9 
H3 1.2 
H2 3.4 
H1 11.7 

RESULTS: 

Pitch Angle: 5.5 degres Axial Velocity: 81.5 f p s  
Rsultant Angle: 13.6 degrees 
standard Deviation: 6.8 de- 

Yaw Angle: 2.3 d e w  Velocity: * 84.3 f p s  (fl/sec.) 

Note: All results are averages for the test. * 

Notes: 
1. 

2. 

Velocity in the direction of flow. 

Ports A, B, C, and D w m  measured on 7/14/92 and ports E, F, G, and H w m  mursuxed on 
7/23/92. 
Average barometric and static pressure was used.. 
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TABLE Ad 
SAMPLING SCHEDULE FOR FUEL OIL AND ASH SAMPW 

SITE 112 

saam Date Time Comments 

oil 

Furnace hopper ash 

7/16/92 

71 17/92 

7/18/92 

7/m/92 

1/21/92 

7I22l92 

.. 

7/23/92 

1/24/92 

0945 Metals, C1, F, S 
1145 Composition, HHV 
1345 

o800 Metals Cl, F, S 
1100 Composition, HHV 
1400 

1115 Metals CI 
1530 

1030 Not analyzed 
1150 
1450 

0850 Mcicury, chromium 
1150 
1450 

0850 Mercury, chromium 
1150 
1350 

0830 Menmy, chromium 
1130 
1430 

- -  - -. . - ~  _ _ _  -~ . . __ .. . 

0830 Not analyzai 
1145 
1430 

1/21/92 1400 Metals 

7/24/92 1400 PAH, Cl-, F, S 

8/7/92 1400 Not analyzed 

Note: oil samples w m  composited into a d a y  composite before analysis. 
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TABLE A-7 
ANALYTICAL METHODS FOR FUEI, OIL AND ASH SAMPJZS 

SITE 112 

V d i u m  

LcamlbniIim 

m u  
ICP-ABS 
1CP-ABS . 
1CP-ABS 
ICP-ABS 

m u  

m u  m u  

m u  m u  m u  

m u  
m u  

ICP-ABS 
ICFABS 

IC 

IC 
Leco SGln 

EPA S W  6010 
EPA S W  6010 - - 

EPA Mo.0 

EPA 300.0 
LBCO 

EPA SW846 7050 
EPA S W  6010 

BPA S W  6010 
EPA S W  6010 
BPA S W  6010 
EPA S W  6010 
EPA S W  74ZQ 
EPA SWW.5 6010 
EPA Sws16 7471 
EPA S W  6010 
EPA S W  6010 
EPA S W  M I 0  
BPA S W  7" 
EPA S W  6010 

ePA ~ ~ 8 4 6  6010 

Mod. ASTM 125 

0.1% ~~~.~ 
0.1% 
0.01% 
0.1% 
0.01% 
0.01% 

10 Bolnb 

Ah by EPA S W  7Mo 
Ah by EPA S W  6010 

Ah by EPA Sw846 6010 
A b  by EPA S W  6010 

Ah by EPA Sw816 6010 
Ah by EPA S W  1471 
~h by s w  6010 

0.01% 

Ah pbDsphmc by EPA 300.0 
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Fuel Oil and Furnace Hopper Ash Collection Procedures 

Fuel oil samples were collected at the beginning, middle, and end of each test 
day. Fuel oil samples were collected at a tap located before the magnesium oxide 
slurry addition. A total composite of 1500 ml in three separate containers was 
obtained for each test day. Fuel oil flow rates were determined by the plant’s fuel 
oil flow meter and recorded along with other boiler operating conditions. Integrated 
daily fuel use data was obtained from the station. 

Furnace Hopper 
Ash 

Four times during the test program, the furnace hopper ash hoppers were 
dumped: 1) at the start of the program, 2) after the metals tests were performed, 3) 
after the mercury and chromium tests were performed, and 4) after the PAH tests 
were repeated. Samples were collected and analyzed from the second and third ash 
dumps. 

For the furnace hopper ash, a compost digger was used to remove a group 
of samples from various locations and depths within the furnace hopper ash pile. 
These samples were collected in a container and mixed until visible homogeneity was 
achieved. From this, a loo0 gram composite was removed and divided into five 
specified containers. To determine a furnace hopper ash mass flow rate, the volume 
of the shipping containers and the level of ash was documented. A density analysis 
of the ash provided information needed to calculate the total mass of the furnace 
hopper ash dumped. 
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ESP Inlet and Outlet Collection and Analysis procedures 

Combined 
Metals Train 

ESP inlet and outlet samples were withdrawn isokinetically with particulate 
emissions collected on a heated filter and gaseous emissions collected in a series of 
iced impingers containing 5% HNOJlO% H,O, for the fist two, empty for the third 
and 4% KMnO,/lO% H$O, in the fourth. 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 reporting 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. Impinger solutions were digested and concentrated after 
removing an aliquot for mercury. The separate fractions were combined after 
digestion and before analysis. 

Reagent and mter 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 metbods and to ensure that the decomposition procedure was 
m a t e .  Following the analysis of the samples and field blanks, a mandatory check 
for matrix effects and intmferences 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. ~ - - - - -  - 

The multi-metals train was also employed during the mercury evaluation 
study, and analyzed for mercury only. This allowed direct comparison of mercury 
data obtained by the new methods to those obtained by this established reference 
method. 

Semi-Volatile Triplicate samples for PAHs were collected according to CARE 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. 

Prior to releace to the field, each XAD-2 resin trap was spiked with 
deuterated standards to assess field losses or gains. The standards used were 
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benzo(e)pyrene-d,, and terphenyl d,,. 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)anthracene; the method of internal 
standardization was used for these species. Following extraction and cleanup, the 
processed extract from each sample was analyzed by HRGCILRMS-SIM. 

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. 

Benzene and 
Toluene 

Tedlar bag samples were drawn simultaneously at a single point at both the 
ESP inlet and outlet. The samples were collected according to CARB 410A using 
GC/PD as the method of analysis. Duplicate analyses were performed on one 
sample at each location. One sample was then spiked with benzene and toluene and 
reanalyzed to assess recovery. 

The inlet sample train used a glass wool plug. Carbon buildup on this plug 
and absorption of benzene and toluene on the carbon contributed to low inlet results. 

Total Solid 
Particulate/ 
Allions 

Anion and particulate samples were collected isokinetically at the ESP inlet 
and outlet. The solid particulate was collected and analyzed according to Method 5 
at the inlet and Method 17 at the outlet. The first two impingen contained a 
solution of sodium carbonate/sodium bicarbonate to collect C1 and F. The thud and 
fourth impingers contained 3% H202 to collect SOp Each sample fraction was 
analyzed for PO,* but the detection limit was high so the phosphorus result from the 
multi-metals train was used. 

O2 and CO, 0, and CO, were measured at a single point at the ESP outlet, using Carnot’s 
Continuous Emissions Monitoring System. This system was used in conjunction with 
ail tests to provide 0, and CO, data for molecular weight and dilution calculations. 
Additionally, portable 0, meters were used with each sample train to provide sample- 
specific 0, data. Concentrations of CO, at the ESP inlet were then calculated given 
percent 0, and CO, at the ESP outlet and percent 0, at the ESP inlet. 
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Three-Dimen- 
sional Velocity 
Testing 

A United Sensor Three Dimensional Directional Probe was used at the 84 
point sampling grid at the ESP inlet and the 88 point grid at the outlet. The 3-D 
probe measures yaw and pitch angles, as well as total and static pressures, and allows 
for very accurate gas flow measurements. 

Each probe has five measuring holes in its tip. A centrally located pressure 
hole measures pressure P1, while two lateral pressure holes measure pressures P2 
and P3. If the probe is rotated manually until P2 and P3 are identical as a readout 
on the manometer, the yaw angle of flow is then indicated by the number of degrees 
rotated. 

When the yaw angle has been determined, an additional differential pressure 
P4 - P5 is measured by pressure holes located above and below the total pressure 
(Pl) hole. Pitch angle is determined by calculating (P4 - P 5 W 1  - P2) and using the 
calibration data for the individual probe and interpolating between the bracketing 
data. At any particular pitch angle, the velocity pressure coefficient (Pt - Ps)/(Fl - 
p2) can also be interpolated from the calibration data and Pt - Ps and Ps calculated. 

Velocity and 
Moisture 

Stack gas velocity and moisture content were measured by EPA Methods 2 
and 4 in conjunction with every isokinetic test. 

Formaldehyde Triplicate samples for formaldehyde were collected non-isokinetically at a 
single point simultaneously on both in inlet and the outlet in acidic 2,4 
dinitrophenylhydrazine (DNPH) solution as per CARB Method 430 using midget 
impingers. An in-stack filter was used to remove particulate. The analysis for 
formaldehyde was performed by reverse phase HPLC with a UV Detector. The 
collection solution was analyzed before release to the field to verify that there was 
no significant level of deteaable 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). 

Mercgry 
Evaluation Test 

Two mercury sampling trains that are under development were operated at 
a single point at the ESP outlet. These were the Brooks Rand Method and the MIT 
method. The Brooks Rand method employed potassium chloriddsoda lime traps to 
collect oxidated mercury and methyl mercury. Elemental mercury was collected in 
iodated charcoal traps. The analysis involved a series of successive desorption steps 
and measurement by cold vapor atomic fluorescence spectroscopy (CVAFS). The 
MIT sampling train collected total mercury in a charcoal cartridge. The contents 
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were transfemd to a teflon container then analyzed by instrumental neutron 
activation analysis (INAA). 

Total Total chromium and hexavalent chromium samples were collected 
chromium and isokinetically at a single point at both the ESP inlet and outlet using a recirculating 
Hexavalent train. To eliminate the possibility of Cf' reduction between the nozzle and 
ChrOmiUm impingers, liquid from the first impinger was continuously recirculated to the probe 
Speciation trip. There were seven impingers in this train. The first four were teflon, the last 

three were glass. 

Impinger 1: 5N KOH 
Impinger 2 and 3: 0.5 N KOH 
Impinger 4: Empty (teflon) 
Impinger 5:  Empty (glass) 
Impinger 6: 0.1 N "0, 
Impinger 7: Silica Gel 

The caustic impinger solution was analyzed for CP' by ion chromatography 
with a postcolumn reactor QCIPCR). Total chromium was measured in all fractions 
of the train by ICP-AES. 

One inlet and one outlet sample was spiked with radioactively labelled CP' 
to Certify that CP+ is not converted to Cr" during sampling. One field blank was 
also spiked with radioactively labelled W'. The labelled C P  was analyzed by 
gamma spectroscopy. 
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FCEM SITE 112 INDIVIDUAL STREAM 

CONCENTRATIONS 
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This appendix presents the Site 112 sampling results that were used to calculate the emissions and 
mass balances presented in this report. Provided here are results for the following streams: ESP inlet 
and outlet gases, fuel oil, furnace hopper ash, and boiler wash. 

The following data flags are used in this table: 

@ 
E Estimated analyte result 
NA Notanalyzed 
ND < Not detected at less than the reporting limit 
B Blank correction exceeded 50% of uncorrected result 

Concentration is less than five times the reporting limit 
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DATA NOT USED IN CALCULATIONS 
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This appendix contains data that was not used in emissions or mass balance calculations. The 
mercury and chromium evaluation results are presented here, except for the ESP outlet total chromium 
result which is included in Appendix B. 
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APPENDIX D 

PROCESS STREAM FLOW RATES AND CALCULATION PROCEDURES 
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The tables in Appendix D summarize the following information: 

Table D-I: 

Table D-2: 

Mean process stream flows at Site 112 

ESP inlet and ESP outlet gas conditions and flow rate summary, including 
comparison of the measured flow rate to the calculated flow rate 

Table D-3: 

Table D-4: 

Table D-5: Calculations 

Sample train test summaries including sample volumes and isokinetic ratios 

Summary of furnace hopper ash collection 
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TABLE D-1 
MEAN PROCESS STREAM FLOWS AT SITE 1l2 

Stream Mean Flow Rate Standad Deviation source 

Oil  (lb/hr) 177,OOO 10,OOO Measured* 

Bottom Ash (lb/hr, dry) 5.47 5.92 Measured** 

ESP Outlet Gas 757,163 13,289 calculated*** 

ESP Inlet Gas (dscfm) 743,393 46,732 Calculated*** 

ob-) 0.0022 0.0025 

(dscfm) 

* 
** 

*** 

Measured from plant instrumentation. Run 7 at 50% load excluded. 
Measured by dumping ash m hoppcr ana caicuiating &e weigh1 hum mr?llurai a& &i&y ?aid 
volume. Collection rates w m  highly variable ranging from 0.51 - 12.02 Ib/hr. 
Calcuulatcd from unit beat rate and load. Run 7 a! 50% load excluded. 
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TABLE D-2 
SUMMARY OF EXHAUST GAS CON'DITIONS AND FLOW RATES 

FUR ISORINETIC TESTS, SITE 1U 

12-PAH-IN 
12-PAH4vT 

7/16/92 1115/1841 
7/16/92 113411744 

7/17/92 lW11550 
7/17/92 3041/1602 

7/18/92 105211630 
7/18/92 1125/1637 

7Rl/92 1507/1943 
7/21/92 1507/1944 

7 m m  l035/1212 
7IW92 1035/1213 
7/72/92 lMo11212 
7/72/92 l51Y1857 

7,23192 1035/1435 
7,23192 103411337 

7/24/92 1026/l601 
7t24/92 122511529 
7/24/92 130611617 
7124192 131611706 
7124/92 1629t1947 
7124192 1647t2U26 

814192 I033/1537 
814192 104U16M 
a/5m Il2011640 
8/5/92 112411637 
8/6/92 l040/1525 
8/6/92 1043/1536 

STANDARD DEVlATlON M 
STANDARD DEWATION 
oun~r-9 

7.55 
6.83 

6.62 
7.05 

6.23 
7.97 

6.06 
5.30 
7.08 
6.68 

6.06 
6.58 
621 

10.40 

5.51 
7.12 

6.84 
6.19 
6.90 
6.68 
6.09 
6.rn 

5.61 
6.96 
6.30 

5.75 
638 

632 
6.62 

0.86 
032 

5.77 

I0.R 
1120 

1123 
10.90 

11.42 
10.06 

11.58 
12.17 
10.78 
11.09 

11.73 
1132 
11.61 
7.80 

12.11 
10.93 

11.07 
I159 
10.96 
1110 
11.68 
1110 

11.81 
10.81 
1138 
11.69 
11.64 
11.16 

11.42 
11.19 

0.63 
0 2 4  

9.8 
9.1 

9 2  
10.5 

9.7 
10.8 

7.8 
10.0 
9.5 

10.0 

9.3 
8.5 
9.8 
7 3  

11.1 
9.5 

9.0 
9.7 

10.0 
9.5 
9.6 
9.1 

10.8 
11.7 
9.4 

10.0 
9.6 
9.1 

10.1 
9.4 

0.6 
0.8 

330 
337 

338 
330 

339 
330 

336 
362 
337 
334 

358 
333 
332 
308 

363 
335 

343 
333 
338 
345 
33 1 
343 

346 
355 
352 
343 
344 
345 

342 
340 

13 
7 

IS553 
in.= 
in.75 
123.16 

167.75 
121.64 

132.3 
13125 
1W.95 
104.88 

7338 
5120 
44.69 
85.35 

139.83 
9423 

110.37 
70.11 
66.40 

11128 

110.99 

109.95 
166.87 
165.11 
103.95 
105.30 
179.38 

71.n 

903,051 
835261 

044.584 
870,911 

832.559 
875.452 

SP 
SP 
SP 
SP 

SP 
SP 
SP 
SP 

SP 
SP 

8s6,4n 
864.635 
830.468 
912,037 
898,021 
881,720 

847.765 
802,912 
853,656 
828,071 
860,320 
8 5 1 , N  

864,299 
852.235 

26.347 
30.888 

362 
362 

366 
366 

366 
366 

365 
365 
365 
365 

367 
367 
367 
187 

360 
360 

361 
361 
361 
361 
366 
366 

355 
355 
374 
374 
371 
371 

803.499 
762.382 

759,755 
783,343 

739,557 
839,080 

729,020 
693.504 
782,826 
760.806 

733.151 
759.713 
740.637 

693,010 

760,745 
727,129 
768.3% 
752,185 
732,566 
764,036 

~ 7 , 5 2 0  
754.102 
759,897 
733578 
726,241 
757,751 

510.7% 

m.978 

743,393 
757.163 

46.732 
13389 
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TABLE D-3 
SAMPLE TEST SUMMARY 

SITE 112 
~ 

MKJLTI-METAL 
P O  ESP INLET ESP 0- 

Lhte 7/16/92 1/16/92 

Test Number I-MTL-IN 1 -MTLaUT 
Std Sample Vol (SCF) 156 118 
Std Sample V d  (SCM: 4.40 5.04 
Moisture Fraction 0.098 0.091 
Stack Gas Mol Wt. 28.8 29.0 
Stack Gss Velocity (fUvscc) 38.4 89.8 
Stack Flow Rate (wacfm) 1,554,653 1,314,317 
Stack Flow Rate (dscfm) 903,051 835,261 
Isokinctic Ratio (8) 99.9 104.5 

Date 
Test Number 
Std Sample Vol (SCF) 
Std Sample Vol (SCM) 
Moisture Fraction 
Stack Gas Mol Wt 

Stack Gas Velocity (fUt/sec) . - 

Stack Flow Rate (wacfm) 
Stack Flow Rate (dscfm) 
Isokiuetic Ratio (8) 

~ 
~ 

Date 
Test Number 
Std Sample Vol (SCF) 

Moisture Fraction 
Stack Gas Mol Wt 
Stack Gas Velocity (Wsec) 
Stack Flow Rate (wacfm) 
Stack Flow Rate (dscfm) 
Isokinetic Ratio (8) 

std Sample Vol (SCM) 

1/17/92 
2-MTL-IN 

123 
3.49 

0.104 
28.8 
31.0 - . . - - - -. - - 

1,498.43 1 
870,911 

101.2 

1/18/92 
3-M-rL?IN 

122 
3.44 

0.108 
28.6 
31.6 

1,521,103 
815,452 

99.4 

7111192 
2 - m - O U T  

118 
5.03 

0.092 
29.0 

- - .- 90.1 
1,389,014 

844,584 
103.3 

1/18/92 
3-MTLaUT 

168 
4.75 

0.097 

28.9 
90.4 

1,383,611 
832,559 

98.9 

Note: Stack flow rate as d by S-TYpe pitot traverse (ContinUSd) 
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TABLE D-3 (conthud) 
SAMPLE TRAIN TEST SUMMARY 

SITE 1u 

PAH 
P- ESP INLET ESP o m  

Date 08/04/92 08/04/92 
Test Number 12-PAH-IN 12-PAH-OUT 
std sample Vol (SCF) 110 167 
std sample Vol (SCM) 3.11 4.73 
Moisture Fraction 0.108 0.117 
Stack Gas Mol Wt 28.8 28.6 
Stack Gas Velocity (Wsec) 37.2 91.1 

Stack Flow Rate (asCfm) 841,165 802,912 
Stack Flow Rate (wacfm) 1,504,045 1,394,864 

Isokinetic Ratio (%) 103.5 102.0 

Date 
Test Number 
std sample Vol (SCF) 

std sample Vol (SCM) 
Moisture Fraction 
Stack Gas Mol Wt 
Stack Gas Velocity (Wsec) 
Stack Flow Rate (wacfm) 
Stack Flow Rate (dscfm) 
Isokinclic Ratio (%) 

08/05/92 
1 3 - P A "  

104 
2.94 

0.100 
28.9 
35.6 

1,441,501 
828,071 

100.2 

08/05/92 
13-PAH-OUT 

165 
4.68 

0.094 
28.9 
93.3 

1,428,490 
853,656 

94.9 

Date 08/06/92 08/06/92 
Test Number l4-PAH-IN 14-PAH-OUT 
std sample Vol (SCF) 105 179 
std sample Vol (SCM) 2.98 5.08 
Moisture Fraction 0.0% 0.091 
Stack Gas Mol Wt 28.9 28.9 
Stack Gas Velocity (Wstc) 36.8 92.0 
Stack Flow Rate (wacfm) 1,490,602 1,408,599 
stack Flow Rate (dscfm) 860,320 851,723 
I S o k i n e t i C  Ratio (%) 97.7 103.4 

Note: Stack flow rate is as measured by S-Type pitot traverse (continued) 

PRELIMINARY DO NOT ClTE OR QUOTE 
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TABLE D.3 (continued) 
SAMPLE TIWIN TEST SUMMARY 

SITE 112 

FORMALDEHYDE 
PARAMEER ESP INLET ESP o m  

Date 7117192 7117192 
Test Number 2A-FORM-IN 2A-FORM-OUT 

Std Sample Vol (SCF) 3.48 5.28 

Std Sample Vol (SCM) 0.099 0.150 

0 2  7.05 6.62 

Date 
Test N u m b  
Std Sample Vol (SCF) 
Std Sample Vol (SCM) 

% 0 2  

711 7192 
2B-FORM-IN 

3.45 
0.098 

7.05 

7117192 
2B-FORM-OUT 

5.28 
0.150 
6.62 

7/17/92 7117192 Date 
Test Number ZC-FORM-IN 2C-FORM-OzIT 

- 

Std Sample Vol ( S o  3.57 5.28 
Std Sample Vol (SCM) 0.101 0.150 

Note: % 0, V ~ U S  uc from 2 - M "  and 2-MTLsouT (continued) 
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TABLE D-3 (continued) 
SAMPLE TIWINTEST SUMMARY 

SITE 112 

BEY= AND TOLUENE 
P- ESP INLET ESP OuTLJzr 

Date 
Test Number 

% 0 1  

Date 
Test Numbcr 

4 6 %  

Date 
Tst Number 

% 0 1  

Date 
Test Number 

501 

7/16/92 
1A-VOC-IN 

7.55 

7/16/92 
1B-VOC-IN 

7.55 

1/16/92 
IC-voc-IN 

7.55 

7/16/92 
1D-voc-IN 

7.55 

7/16/92 
1 A-VOC-OUT 

6.83 

7/16/92 
1B-VOC-OUT 

6.83 

1/16/92 
lc-voc-oUT 

6.83 

1/16/92 
ID-Voc-OUT 

6.83 

Now % 4 values arc from 1-MTLS-IN and I-MTLsOuT (continued) 
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TABLE D-3 (continued) 
SAMPLE TRAIN TJBT SUMMARY 

SITE 112 

PARTICULATElANIONS 
PARAMTER ESP INJm- ESP o m  

Date 
Test Number 
Std Sample Vol (SCF) 
Sk! -!e Vol (SCM! 
Moisture Fraction 
Stack Gas Mol Wt 
Stack Gas Velocity (Wsec) 
Stack Flow Rate (wacfm) 
Stack Flow Rate (dscfm) 

7/24/92 
9-PMIAN-IN 

70 
1.99 

0.097 
28.9 
36.4 

1,473,004 
864,635 

7/24/92 
9-PMIAN-OUT 

110 
3.13 

0.090 

29.0 
91.9 

1,406,166 
856,477 

lwlcineric Ratio (%) 99.5 98.0 

Date 
Test Number 
Std Sample Vol (SCF) 
Std Sample Vol (SCM) 
Moisture Fraction 
Stack Gas Mol Wt 
Stack Gas Velocity (Wsec) 
Stack Flow Rate (wacfm) 
Stack Flow Rate (dscfm) 
Isokinetic Ratio (%) 

Date 
Test Number 
Std Sample Vol (SCF) 
Std -le Vol (SCM) 
Moisture Fraction 
Stack Gas Mol Wt 
Stack Gas Velocity (Alsec) 
Stack Flow Rate (wacfm) 
Stack Flow Rate (dscfm) 
Isokinetic Ratio (%) 

7/24/92 
10-PWAN-IN 

- 6 6  
1.88 

0. loo 
28.8 
35.3 

1,428,302 
830,468 

95.7 

7/24/92 
1 1 -PM/AM-IN 

12 
2.03 

0.096 
29.0 
37.6 

3,520,738 
898,021 

94.6 

7/24/92 
lO-PM/AN-OUT 

111 ~ 

3.15 
0.095 
28.9 
98.4 

1,505,832 
912,037 

100.1 

7/24/92 
1 1-PMIAN-OUT 

111 
3.14 

0.091 
29.0 
94.3 

1,443,109 
881,720 

103.3 1 Note: Stack flow rate is as measured by .%Type pitot traverSe (Continued) 
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TABLE D-3 (continued) 
SAMPLE TRAIN TEST SUMMARY 

SITE 112 

CHROMIUM 
PARAMETER ESP INLET ESP OUTLET 

Date 7/21/92 7/21/92 
Test Number 5-CR-IN 5-CR-OUT 
std sample Vol (SCFJ 131 132 

Moisture Fraction 0.100 0.078 
Stack Gas Mol Wt 28.9 29.1 
Stack Gas Velocity (Wscc) 52.8 71.6 
Stack Flow Ratc (dscfm) 693,504 729,020 
Isoklnetic Ratio (46) 94.2 105.5 

std sample Vol (SCM) 3.12 3.75 

Date 
Test Number 
std sample Vol (SCF, 
std sample Vol (SCM) 
Moisture Fraction 
Stack Gas Mol Wt 
Stack Gas Velocity (Wscc) 
Stack Flow Rate (dscfm) 
lsokinetic Ratio (46) 

Date 
Test Number 
std sample Vol (SCF) 
std sample Vol (SCM) 
Moisture Fraction 
Stack Gas Mol Wt 
Stack Gas Velocity (A/=) 
Stack Flow Ratc (dscfm) 
1Sokinetic Ratio ( W )  

7/22/92 
6-CR-IN 

73 
2.08 

0.093 
29.0 
52.3 

733,151 
98.6 

7/23/52 
8-CR-IN 

140 
3.% 

0.111 
28.8 
52.4 

693,010 
100.1 

7IW92 
6-CR-OUT 

51 
1.45 

0.085 
29.1 
71.7 

159,773 
99 .1  

7/23/92 
8-CR-OUT 

94 
2.67 

0.095 
28.9 
13.1 

113,918 
101.1 

Note: The test wclc conducted at a single point in the gas strcam. 
Ibe stack flow ratcs an calculated ham the heat rate; sa? Table D-2 for calculations. 

(continued) 
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d u r  

P- EspouTLETEsPouTLET EsPOUTLFT ESPOUTLET 
Date 7/21/92 
Test Number 5-MlTlBR-HG 
std sample Vol (SCF): 
Isokinetic 92.01 
MIT (VOID) 7.454 
Bmoks Rand 1.5 

TOTAL VOLUME 100.9 
std sample Vol (SCM) 3 
Moisture Fraction - from is0 0.1 
Stack Gas Mol Wt 28.9 
Stack Gas Velocity (fUscc) 68.6 
Stack Flow Rate (dscfm) 782,826 
:;=&&e: p&= (S! - *m @ "C! 108 
NOTE: Test S-MIT/BR-HG consisted of drawing isokinctic exhaust gas sample that was then split W e e n  the 
Brooks Rand train and the MIT train. This technique allowed isokindic sampling for the B w h a  trains. The 
majority of the exhaust gas was used to determipc moisture only. A scparare multi-mctal eaia for Hg was 
performed. 

~ 

Date 
Test Number 
std sample Vol (SCF) 
std sample Vol (SCM) 
Moisture Fraction 
Stack Gas Mol Wt 
Stack Gas Velocity (Wscc) 
Stack Flow Rate (dscfm) 
Isokinetic Ratio (%I) 

Date 
Test Number 
std sample Vol (SCF) 
std sample Vol (SCM) 

Date 
Test Number 
std sample Vol (SCF) 
std sample Vol (SCM) 

7/21/92 
5-MM-HG 

105 
2.97 

0.100 
28.8 
71.8 

760,806 
103.9 

7/22/92 
6-MM-HG 

45 
1.27 

0.098 
28.9 
74.4 

740,637 
101.1 

7/22/92 

1.27 
0.036 

6-BR-HG 

ll22J92 
7-MM-HG 

85 
2.42 

0.073 
28.8 
32.8 

510.7% 
103.2 

7t22l92 

1.31 
0.037 

7A-BR-HG 

7IW92 
7A-MlT-HG 

9 
0.26 

7/22/92 

1.27 
0.036 

7B-BR-HG 

7/22/92 
7B-MlT-HG 

9 
0.24 

Note: Thtse Ms were conducted at a single point in the gas stream. The stack flow rates BIC calculated from 
the heat rate. Sec Table D-2 for calculations. 
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TABLE D4 
SUMMARY OF FURNACE HOPPER ASH COLLECTION 

SITE 112 

Totalash Ashdensity Oilused, Totalash, Totalash, 
Dates volume, cm3 g/cm3 barrels lbll06 Btu lblhr 

7/16 - 7/21 (120 222,995 0.951 53,940 0.00137 3.89 
b) 
7/21 - 7/24 (72 hrs) 18,604 0.894 24,420 0.000237 0.51 

814 - 817 (72 hrs) 426,719 0.921 27,114 0.00505 12.02 
Average 0.0022 5.47 

PRELIMINARY DO NOT CITE OR QUOTE 
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TABLE D-5 
SAMPLE TRAIN CALCULATION PROCEDURES 

SlTE 112 

1. 2 
a. Sample gas volume, dscf 

Vm ~ r d  = 0.03342 V ,  (pr+x)(%)o 13.6 Tm 
. .  

b. Water vapor volume, scf 

[ 5 2 3  A V w ,  = 0.0472 V, 
- - I  

C. Moisture content, nonhnensional 

d. Stack gas molecular weight, lbflb mole 
MW,, = 0.44 (aDC0.J + 0.32 (7603 + 0.28 (%ON2) 

Absolute stack pressure, in Hg 
P"'w = m'+ (1 - e$ + 18 

e. 
r P, = Ps, .+ e 
13.6 

f. Stack velocity, ft/sec 

g. Actual stack flow rate, wacfm 
Q = (V>CAJ(W 

h. Standard stack gas flow rate, dsdm 

Qsd = Q (1 - B p p )  T, 29.92 

1. Percent isokinetic 
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2. To Calculate Particulate Emissions 

a. Grain loading, gr/dscf 

C = 0.01543 [$) 
Grain loading at 12% COz, gr/dscf b. 

C. Mass emissions; lbhr ‘ 

3. To Calculate Gaseous Emissions. I b h  

where, 

SV = 385.3 fi’1l.b mole for Tw = 528 O R  

SV = 379.5 fi3/lb mole for Tw = 520 “R 

sv = specific molar wlum of on idurl gas: 

4. 1 
a. Fuel factor at 68 OF, dscf/lV Btu at 0% 0, 

Fa = 

Fuel factor at 60 “F 

lo6[3.64(%Zf) + 1.53(%C) + 0.14 (%N) + 0.57(%3) - 0.46(%OJW] 
HHV, Wlb 

b. 

d. Gaseous Ekssions factor, lb/10” Btu 

(101:BJ = (10:LJ x 106 

e. Particulate emission factor, lb/lV Btu 

PRELIMINARY DO NOT CITE OR QUOTE 



D-15 

20.9 
106 Btu 

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

5.  f 

a. 

b. 

c. 

d. 

nglsample train = (ng detected) - (ng in field or reagent blank) 

ngldscm = ng sample train x (35.31Nm,J 

ng/Nm' = nglsample train x (35.31Nmd,) x 492Trref 

lbhr  = ngldscm x (1 g/109 ng) x (1 Ib 454 g) x (I m3/35.31 ff) x Qd x (60 d r )  
where Qa = standard flow rate, dsdm and Nm' = normal cubic meter (OT, 1 atm) 

e. For Formaldehvde Results 
ppb = (&ample train) x 1Nm,J x (1 1bl454 g) x (1 gl106 pg) x SVIMW, x lo9 
Ib/hr = ppb x 109 MWJSV x Qd x 60 miu/hr 

ppm = (mglsample train) x ( lNmd x (1 1b/454 g) x (1 gllof mg) x SVIMW, x 106 
Ib/hr - ppm x 10-6 MWJSV x Qa x 60 minlhr 

f. For Anion Results 

Notes: Laboratory results a u l d  be in either pg or mg. PAH, metals, chromium and 
formaldehyde results will be in pg and anion results will be in mg. 

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 projeaS or with 
some reference methods. Typically a reagent blank is a more appropriate indicator of 
blank levels than a field blank. 

6. T-n 

a. Given CEM results for 0,. 96 and CO,, % at the outlet and the portable 0, meter results 
at each sample train. 

20.9 - twz 0, 
20.9 - CEM 0, 

b. Test CO, = CEM CO, x 
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C A O T  

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

a. 

b. 

Given boiler wash, flue gas, ash and fuel sample results. 

M, (fuel) = Q (flue gas) + Q (ash) + h4, (boiler wash) 
where 
of interest. 

Mass balanq = (M, (flue gas) + M, (ash) + M, (boiler wash))/M, (fuel), expressed as 
% 

is in units of either lb,/day or lb,/lO1z Btu and i denotes the particular parameter 

c. 

7. 

8. 

9. 

10. 

11. 

r ' R t e a n F -  r: 

Flow rate, dscfm = Heat rate, Btu/kW(net)-hr x (Gross Load, kW - Aux. Demand, kw) x 
F-factor @ 0% Oz, dscf/MMBtu x 20.9/(20.9-%0J x hr/60 mi 

To Calculate Ash Flow Rate and lb ash/lo6 Btu 

total ash, lbhr = total ash, crn' x density, g/cm3 x lb/454g x Vnumber of hours 

lb ashllo6 Btu = total ash, cm3 x density, g/crn3 x lb/454g i (oil used, barrels x MMBtulbarrel) 

0 
i = trace species, i 
a = ash 
f = fuel oil 
lb(i)/lO1z Btu(9 - pg(i)/gram(a) x g(a)/cm' 

x total ash volume, cm3 x lb(i)/454g(i) x g/lo6pg 
x 1/"V, BtuAbQ x l/total fuel burned, lb(9 
x lo'* 

To Calculate lb/10'* Btu of Trace Suecies in Fuel 

lb/10'* Btu = pg/g x l/"V, Btdlb x l@ 
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12. Nomenclature: 

PRELIMINARY 

stack area, ff 
flue gas moisture content 
particulate grain loading, gddscf corrected to 12% C02 

particulate grain loading, gr/dsd 
pitot calibration factor, dimensionless 
nozzle diameter, in. 
fuel F factor, dsd/106 Btu at 0% 0, 
orifice pressure differential, iwg 
5% isokinetics 
mass of c o l l d  particulate, mg 
mass emissions of species i, Ib/hr 
molecular weight of flue gas 
molecular weight of species i: 

46 
28 
64 
16 

NO, co 
so. 
HC 

sample time, min. - 
average velocity head, iwg = ( 
barometric pressure, in.Hg 
stack absolute pressure, in.Hg 
stack static pressure, iwg 
wet stack gas flow rate at actual conditions, wacfm 
dry stack gas flow rate at standard conditions, dscfm 
specific molar volume of an ideal gas at standard conditions, e / l b  mole 
meter temperature, "R 
reference temperature, "R 
stack temperature, "R 
stack velocity, ft/sec 
volume of liquid collected in impingers, ml 

dry meter volume uncorrected, d d  
dry meter volume at standard conditions, d s d  
volume of water vapor at standard conditions, scf 
meter calibration coefficient 
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AF'PENDIX E 
PROCESS OPERATION 
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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 FCEM 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 impo!tant sources 
of uncertainty 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 me 
population. 

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

Nomenclature 

r = Calculated result; 
S, = Sample standard deviation of parameter i; 
% = Standard deviation of the average of parameter i; 
ei = Sensitivity of the result to parameter i; 
Bfi = Bias ermr estimate for parameter i; 
vi = Degrees of fieedom 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; 
APi = Pe.rturbation in parameter i; 
f l  = 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: 

3i- el = - 
api 

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

A Pi "i  

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 weighting the sensitivity and precision error in each 
parameter. 

s: v, = 

The Student "t" in the first equation _I associated with the degrees 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. 

For this report the following sources of bias were considered: 
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0 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 detection limit is calculated as: 

0 The nonaxial nature of the gas flow at the sample locations resulted in measured 
velocities by the s-type pitot probes that were 14% higher than flow rates calculated from 
unit heat rate information 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 14% low. Estimating errors induced by nonisokinetic sampling, this 
would correspond to an uncertainty of 14% in the concentrations of particulate species. 
Thus an uncertainty of 14% was applied to all particulate species measured from 
isohetic tests. 

A 5% uncertainty was applied to the heat rate factor which was provided by the plant. 
The heat rate is defined as: 

Heat RaLe, Bru 

The heat rate is used in all exhaust gas flow rate calculations. The uncertainty applied 
to the heat rate is used instead of a separate Uncertainty applied to fuel flow rates. 

An uncertainty of 307% was used on furnace hopper ash ram. This uncertainty 
represents the large variability in the measured ash rate from the three ash dumps. This 
value is calculated as the uncertainty in the three ash dumps based on the mass of ash per 
unit mass of oil burned at the 95% C.I. This uncammy ' is applied because of concerns 
that not all of the ash was completely dumped from the funrace hopper on individual 
cleanings. The uncertainty in an emission measurement of a target substance in the ash 
includes this collection variability of 307%. 

A bias of 200% was applied to boiler wash results. This bias is applied because it is 
estimated that half of the surface area downstream of the economizer was missed during 

0 

= RHV of @el, Wlb x Fuel Flow, lblh + Lw4 MW 
MW-hr 

0 

0 

sampling. 

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: 

0 Combining two uncertainties Of 10% results in a total uncertainty of 14%. 
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0 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 detection limit is calculated as: 

0 The nonaxial nature of the gas flow at the sample locations resulted in measured 
velocities by the s-type pitot probes that were 14% higher than flow rates calculated from 
unit heat rate information 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 M d o d s  1,2  and 5. This means that "true" isokinetic sampling rates 
may have been 14% low. Estimating errors induced by nonisokinetic sampling, this 
would correspond to an uncertainty of 14% in the concentrations of particulate species. 
Thus an uncertainty of 14% was applied to all particulate species measured from 
isokinetic tests. 

A 5% uncertainty was applied to the heat rate factor which was provided by the plant. 
The heat rate is defined as: 

0 

~ HeatRate. Btu =- "Y of @l, BtuJlb x Fuel Flow, Wht - Load, MW 
Mw-hr 

The heat rate is used in all exhaust gas flow rate calculations. The uncertainty applied 
to the heat rate is used instead of a separate UneeRBinty applied to fuel flow rates. 

An uncertainty of 307% was used on furnace hopper ash rates. This uncertainty 
represents the large variability in the measured ash rate from the tbree ash dumps. This 
value is calculated as the uncertaimy in the three ash dumps based on the mass of ash per 
unit mass of oil burned at the 95% C.I. This unceRainty is applied because of concerns 
that not all of the ash was wmpletely dumped from the furnace hopper on individual 
cleanings. The uncertainty in an emission measurement of a target substance in the ash 
includes this collection variability of 307%. 

A bias of 200% was applied to boiler wash results. This bias is applied because it is 
estimated that half of the surface area downstream of the economizer was missed during 

0 

0 

sampling. 

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

0 Combining two uncertainties of 10% results in a total uncenaimy of 14%. 
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0 

0 

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

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

Confidence Interval calculations 

In this report the confidence interval is reported with the sample results. The uncertainty values 
calculated for this report are based on the 95% confidence inerval calculated for mass emissions 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 
calculated 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 lb/10'* Btu. However, the equations used for 
uncertainty calculations are in mass emission units of lblhr since these equations allow for an estimate 
of overall uncertainty incorporating all parameters. 

The following are sample calculations for the 95% confidence interval around the mean emission 
rate for flue gas, fuel and ash samples. This procedure utilized the same method outlined earlier in this 
section and used in the computer program. 

FLUE GA S 

E, lblhr = Concentration, - w x ~ e o t  Rate, Bnc xF-Factor, &Cf x 
Nm' Mw-hl MIUBtU 

x Load, MW x 5.8127 x lo-" 20.9 
20.9 - 0, (rest), % 
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The following example calculation shows how the overall uncertainty of the ESP outlet cadmium 
value from this program was determined. 

Parameter Units Run 1 Run 2 Run 3 Mean 

Concentration Pmm' 0.96 0.13 0.18 0.42 
Heat Rate BtdMW-hr 9.78 x 106 9.78 x 106 9.78 x 106 9.78 x 106 
F-Factor dscflMMBtu 8980 9019 NIA 9000 
0, (W 96 6.83 6.62 6.23 6.56 
Load (net) Mw 350 354 354 353 

The sensitivity of each variable is calculated with a perturbation for each parame-ter that is equal to the 
larger value of the standard deviation of the average. +, or the bias error, B+ For the concentration 
variable: 

~ ~ ~~~~~~~ ~~ 

~ ~ ~~ ~= ~ ~~~.~ 

= 0.42 x 9.78 x 106 x 9OOO x - 0.42) 
20.9 

20.9 - 6.56 x 353 x 5.8127 x = 0.0011 

= 0.69 x 9.78 x 106 x 9OOO x 20*9 
W.9 - 656 

x 353 x 5.8127 x lo-" = 0.0018 E ( C  - 0.69) 

0.0018 -0.0011 = o.oo26 e, = 
027 

Similar calculations for each parameter produce the following results: 
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PARAMETER 
~ ~~ 

Concentration, Heat Rate, B W - h r  F-Factor, dscf/MMBtu 
d N m 3  

0.42 9.78 x 106 go00 
0.47 

0.27 

0 
0 

28 

20 

3 3 3 
0.059 489,000 0 

2.6 x 10-3 1.1 x 10'0 1.2 x 10-7 
2 2 2 

0.27 489.000 20 

N&: The bias estimate for wmentdm includea DO biar for d y t i c a l  zrzah m?d a 14% collection biss. The bias craimate 
for hcat m is 5%.  

Theprecisionandbias wmponentsarethencatculatedbyroot-sum-squaringtheproductoftheparameter~ 
or BP and the sensitivity: 

s, = ,/(eC*si;~ + + (e,,*+? 

s, = 7 x lo4 

B, = 2 x lo4 

The Student 't" factor for two degrees of freedom and a 95% confidence interval is 4.3. 
I 

The uncertainty in the result is then 

U, = /- = J(2 x lo4)' + (7 x lo4 x4.3)2 = 0.0030 
I 

The overall emission rate is reported as 

0.0011 f 0.0030 I b h  or 274% uncertainty 
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ESP REMOVAL EFFICIENCY UNCERTAINTY 

Ba 
Be 
Cd 
c1 
Cr 
co 
cu 
Pb 
Mn 

ng 
Mo 
Ni 
P 
V 
s Sulfuc) 
P 
P . r t i C U h  

(lb/MMBlu) 

0.536 12.12 6.95 4.60 8.33 0.404 
0.773 1.97 0.287 0.179 0.338 0.159 
0.299 0.14 0.081 0.21 1 0.226 0.485 
- 

0.568 4.86 1 .05 0.92 1.40 0.177 
0.747 28.91 1.66 3.21 3.61 0.099 
0.792 2431 4.02 1 .a 433 0.175 
0.527 2.9 1.00 0.276 1 .04 0.211 
- 

0.825 
0.598 
0.736 
0.682 
o m s  
0.058 
"rn 
0.72 

1.13 
8.8 
845 
7.34 
839 

90,000 
26 

0.060 

0.479 
0.780 
36.4 
25.8 
99.9 

62,452 
I32 

0.0051 

0.052 
1.12 
90.8 
14.9 
77.7 

239% 
184 

0.0010 

0.482 
1.36 
97.8 
29.8 
126.6 
66,669 

226 
0.0052 

0.455 
0.098 
0.088 
0.101 
0.138 
0.043 
0.461 
0.0839 

ESPinlet = A f 6A 
ESP outlet = B f 6B 

ESP inlet - ESP outlet = C f rn 

All values in lb/lO1z Bhl except for particulate 
vse ND values at half value for Hg 
No apparent ESP removal of c1 and Mn 
Arsenic and selenium not detected at ESP outlet 
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ESP REMOVAL EFFICKVCY LJNCERTAPII 

~~ 

Suhmnce D C bA 6B bC 6D 
Bn 0.536 12.12 6.95 4.60 s.33 0.404 

Be 

Cd 
CI 
Cr 
c o  

cu 

Pb 
Xln 

H e  
h4 0 

Ni 
P 
V 

s (.r -) 
F 

0.773 1.97 0.287 0.179 0.338 0.159 

0.299 0.14 0.081 0.21 1 0.226 0.485 
- 

0.268 4.86 1 .05 0.92 1 .dO 0.177 

0.747 28.9 1 1.66 3.21 3.61 0.099 

0.527 2.9 I .oo 0.276 1.04 0.21 1 

0.792 24.31 4.02 1.62 4.33 0.175 

- 
0.825 1.13 0.479 0.052 0.482 0.455 

0.598 8.8 0.780 1.12 1.36 0.098 

0.736 845 36.4 90.8 97.8 0.088 

0.682 234 25.8 14.9 29.8 0.101 

o.ns 839 99.9 n.7 126.6 0.138 

0.058 90,Ooo 62,452 23,334 66,669 0.043 

0.053 26 132 I 8 4  226 0.461 
PaniCULtc 0.772 0.060 0.0051 0.0010 0.0052 0.0839 
(lblMMBUl) 

ESP inlet = A +- 6A 
ESP outlet = B f 6B 
ESP inlet - ESP outlet = C f GGTGj 

- ~ 

All values in lb/lO1l Bnr except for particulate 
'Use ND values at half value for Hg 
No apparent ESP removal of Q and Mn 
Arsenic and selenium not de& at ESP outlet 

I . .  

PRELIMINARY DO NOT ClTE OR QUOTE 



. 
F 

a, 
0 
5 m 

m 
? 

' . .  :, 
0 
c 

0 

0 $ 1  

!XI NOT ClTE OR QUOTE PRELIMINARY 



F-9 

Notes: 

# '= For mercury data from multimetals tests, one half the nondetect value was used to calculate the 
mean. This is a variation of the FCEM reporting convention. 

Fuel composition and heating value was analyzed for two replicates only. * = 
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APPENDIX G 

QUALlTY ASSURANCE AND QUALlTY CONTROL DATA 
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This appendix presents detailed quality assurance and quality control (QA/QC) data for the gas, 
fuel oil and bottom ash samples. The QAlQC data includes results of duplicate samples, spiked samples 
and laboratory check standards (LCS). Additional QAlQC data such as instrument calibration data 
required by the sampling and analytical methodology is maintained by Carnot and the laboratory. QA/QC 
data 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. QA/QC results are presented in the 
following tables. 

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

G-8 
G-9 
G-10 

G-11 
G-12 
G-13 

Summary of Quality Control Results for ESP Inlet and Outlet Metals Analyses 
Summary of Quality Control Results for ESP Inlet and Outlet Particulate Analyses 
Summary of Quality Control Results for ESP Inlet and Outlet Anion Analyses 
Summary of Quality Control Results for ESP Inlet and Outlet PAH Analyses 
Summary of Quality Control Results for ESP Inlet and Outlet VOC Analyses 
Summary of Quality Control Results for ESP Inlet and Outlet Formaldehyde Analyses 
Summary of Quality Control Results for ESP Inlet and Outlet Total and Hexavalent Chromium 

Summary of Quality Control Results for ESP Mercury Evaluation Test Analyses 
Summary of Quality Control Reaults for Metals by ICP-AES, GFAAS and CVAAS in Fuel Oil 
Summary of Quality Control Results for Metals by ICP-AES, GFAAS and CVAAS in Furnace 
Hopper Ash 
Summary of Quality Control Results for Chloride and Fluoride, in Furnace Hopper Ash 
Summary of Quality Control Results for PAH in Furnace Hopper Ash 
Fuel Oil Analysis of NIST StanUard Reference Material 1634b. 

Analyses 

PRELIMINARY DO NOT ClTE OR QUOTE 



Table G1 
Summary of Quality Control Results 

for ESP Inlet and Outlet Metals Analyaes 

W14) 
117 
4.3 
4.5 
74.7 
44.3 
34.5 
37.6 

3.6 
13 
36.7 
mo 
NDcL9) 

6 s  
li90 

~~~ ~ 
~~ 

I-MlISOUI 
POndisenion 

W 1 4 )  
120 
4.2 
4.7 

73,s 
43,s 
27.5 
36.9 

4.6 
1.2 
35.6 
2190 
m) 

751 

1700 

1--IN 
POadisrtiOn 

- 10 
2.S 10 
2.4 10 
4.3 10 
1.6 IO 
1.8 LO 

226  10 
1.9 10 

24.4 10 
8.0 10 
3.0 10 
1.8 10 - LO 
8.5 10 
5.2 10 
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Table G1 (continued) 
Summary of Quality Control Results 

for ESP Inlet and Outlet Metals Analyses 

p 

Initial 
Element calibtion continuing calibration Data Quality Objective 

%Rewvely % Recovay fM Lcs 

MSA 
101.9 
101.5 
103.3 
105.4 
104.5 
101.8 
100.8 
104.0 

89.0 
100.1 
96.6 
106.6 
MSA 
97.6 
99.7 

MSA 
96.2 
95.8 
98.0 
104.8 
99.4 
95.3 
78.7 
98.6 

96.3 
92.3 
94.8 
99.3 
MSA 
109.3 
94.4 

MSA 
95.5 
94.9 
98.0 
104.1 
100.2 
96.2 

97.8 
- 

- - 
93.5 
99.1 

MSA 
109.2 
93.8 

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

90-1 io 
90-1 io 

so-120 
80-120 
90-110 

90-110 
90-110 

90-1 10 

90-1 10 - 

Correlation Coefficients for MSA Data R2 

sample ID Anmic, R2 Selmium, R2 Data Qual~ty Objective 
for MSA 

LABBLANK 0.9990 0.9961 0.995 
1 -MILSIN 0.9981 0.861 1 0.995 
2-MTLS-IN 0.9992 0.6200 0.995 
3-MILsIN 0.9985 0.4001 0.995 
FB-msIN 0.9971 0.9981 0.995 
R E m r N  0.9998 0.9999 0.995 
I -MILsouT 1.oooO 0.9333 0.995 
2 - m s o U r  0.9991 0.7963 0.995 
3-MIzsouT 0.9984 0.9991 0.995 
FB-MTLS-OUT 0.9983 0.9541 0.995 
~h4TLs-OuT 0.9987 0.9997 0.995 

Nots: 
MSA= method of standard additions 
TheMSAdatawasnotusedwhereR24).995. 
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Table G 2  
Summary of Quality Control Results for 
ESP Inlet and Outlet Particulate Analyses 

M B  oualit, Data Oualily Comments 
Obiective 

paniculate Acetone Blank <=0.008 mg/ml 
EPA Method 5 

meets EPA criterion of <= 
0.008 mdml 

Balance Calibration +/- 0.0003 at >20 g NBS traceable weights 
Check 

+/- 0.0001 at <=20 g 
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Table 63 
Summary of Quality Control Resultr for 
ESP Inkt and Outlet Anion Analyru 

SMIDI~ D U D h O C  Results 

Anion Sample value Duplicate d u e  RPD DataQuaIityObjcctks 
m d  mw7 for D u D l i s a h s  

Filter 
chloride 0.618 0.552 11 I5 

- 15 
Svlfats 15.593 15.901 2 15 

~ 0 3 )  - IS Fluoride ~ 0 3 )  
fie W 2 )  ND(2) 

Biurbonatc/ 
rarbonus: 

Chlmide 0317 0323 2 I5 
Fluoride ~ 0 3 )  ~ ~ ( 0 3 )  - I5 
Phosphate W 2 )  W 2 )  - I5 
S* 6.614 6.860 4 I5 

3% parmide - 15 
- I5 

Chlmidc ~ ~ ( 0 . 5 )  WOJ) 

Phosphate W 2 )  N W )  - 15 
Sulkrc 40.463 40.983 1 IS  

Rumids ~ 0 3 )  ~ 0 . 3 )  

We: 
chlorids 64 80-120 
Fluoride 137 80-120 

Svlfats 124 80-120 
Pbmphats 50 80-120 

Docs not meet DQO 
DocsnotmcaDQO 
DocsnatmatDQO 
Docs not mat DQO 

B W  
rarbonus: 

chloride 91 80-120 
Fluorids 122 80-120 D a s  not mat JX@ 
phosphate 98 80-120 
SULh 96 80-120 

3% Pelwide 
Chloride 98 80-120 
Fluoride 94 80-120 
f i o s p b  9l 80-120 
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Table 6-4 
Summary of Quality Control Results for 
ESP Inlet and Outlet PAH Analyses 

~ p l i u r t c  Matrix Smke Results Data Quality 
BlankMatrix BlankMatrix RPD Objective for 

Spike U 1 Spike #2 Duplicates 
canponmt UP, UP, 

Naphthalene NA NA NA 50 
Aanaphthylmc 026 025 3.9 50 
Acmaphthmc 028 027 3.6 50 
F l U D ~ C  025 0.25 0.0 50 
P h m a n h e  028 029 3.5 50 
AnthnurnC 027 029 7.1 50 
FlUnSnthme 026 026 0.0 50 

m e  025 026 3.9 50 
Bsnz(a)an-e 025 026 3.9 50 
chrysmc 027 028 3.6 50 
Benzo(b)nUnSnthme 024 024 0.0 50 
~ ) f l u o r a n t h m e  028 0.33 16.4 50 
Bmzoopyrrne 028 028 0.0 50 
Indmo(1 Z+)wrole 026 024 8.0 50 
DibnUo(4h)an-e 027 027 0.0 50 
Bmzo(&hj)pnylme 028 027 3.6 50 
2-Methylnaphthalcne NS Ns NS - 
7,12-Dimcthyl~a)anthracme NS Ns NS - 
3 - M e t h y l c h o h ~ c  Ns Ns Ns - 

~~ ~ ~~~~ ~ 
~~ 

~~~~~ ~~ ~ 
~~~~~ ~ 

PAH Blank M a ~ x  Soike Results BLankMatrix BlankMatrix Data Quality 
SpikeUl spike u2 Average objective 

Compmmt %Rccovmi % R c u r w  Ye R m W  far spikes 

Naphthalene NA NA NA 50-150 
Aamphthylcne 104 loo 102 50-150 
Aemaphthmc 112 108 110 50-150 
FlUOfCllC 100 100 100 50-150 
Phmanthme 112 116 114 50-150 
A n t h n u r n C  108 116 112 50-150 
Flumulmc 104 104 104 50-150 
m e  100 104 102 50-150 
Brnzoylthmme 100 104 102 50-150 

chrypms 108 112 110 50-150 
~ ) f l ~ t h m c  96 96 96 50-150 
~ ) f l u o r a n t h c n c  112 132 1 2  50-150 
Benoopyrme 112 112 112 50-150 
Ind~o(l2t-cd)pYrcne 104 96 100 50-150 
DibnUo(*)an-e 108 108 108 50-150 

Bcno(&hi)pnylme 112 108 110 50-150 
2-Msthylnaphulalene Ns Ns NS - 
7,12-Dim&ylbcnz(a)anthracme NS Ns NS - 
3 - M c t h y l c h o h ~ c  Ns Ns NS - 

RFn Rctativc Pmmt mmce 
NA: Not Available 
Ns: Notspiked 
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Table G 5  
Summary of Quality Control Results for 
ESP Inlet and Outlet VOC Analyses 

h u l e  Du~licate Rrml ts 
h t a  Quality 

Rim# 1 Run #2 m objective for 
Compmmt SampleID ppb ppb LhPliCats Comments 

Bmzme 1A-VOC-IN 0.26 0.24 8.0 20 
1A-VOC-OUT 0.90 0.52 53.5 20 DosnotmeetDQO 
IC-VOC-OUT 0.78 1.07 31.4 20 DoesnotmrxtDQO 
ID-VOC-OUT 0.87 0.56 43.4 20 Does not meet DQO 

Toluene 1A-VOC-IN 8.65 7.29 17.1 20 
1A-VOC-OUT 44.1 44.8 1.3 20 
IC-VOC-OUT 18.1 18.2 0.6 20 
IDVOC-OUT 6.68 6.41 4.1 20 

Mabix SDke Results Data Wty 
objective for 

Compmmt Sample 1L) value .. v u u t :  . Y O X ~ K q j  F% _. 

Benzcne IA-VOC-OUT 40.2 39.1 97.3 70-130 
Toluene 1A-VOC-OUT 74.6 ~75.1 100.7 - 70-130 
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Table 6-6 

Summary of Quality Control Results for 

ESP Inlet and Outlet Formaldehyde Analysis 

SamDle DuDlicate Results 
Data Quality ~. 

Sample Duplicate Objective 
Sample ID uglsample uglsample RPD for Duplicates 

2-2-mIN 1.30 1.35 3.8 10 
2B-FORM-IN 1.20 1.20 0.0 10 
2C-FORM-Ih’ 1.17 1.12 4.4 10 
2B-FORM-OUT 3.43 3.42 0.3 10 

Sdce Results Data Quality 
Objective for 

Field Spikes: Value Value %Rmwery spikes Comments 

Inlet 5.0 10.4 208 60-140 DoesnotmeetDQO 
Outlet 5.0 8.0 160 60-140 Does not meet DQO 

m- 

Trip Spike 5.0 5.9 118 60-140 
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Table GI 
Summary of Quality Control Results for ESP Inlet and Outlet 

Total Chromium and Hexavalent Chromium Analyses 

= E &  S ts 

Sample ID - -  Data Quality 

cro S P k  ug ug for Spikes 

m - 1  ?n 5 - I N 0  12 i4.0 117 -I __" 

12 12.8 107 80-120 5-0uT-cR 

value value %Rccwery ObJeCtlVe 

~ 

Lab Check Standard Results 

Sample ID M -  Data Quality 

Qcl 

value value %Recwery ObjechveforLCS 
U k W  Ug/ml 

Total Chromium 1.00 0.977 97 7 95-105 
chromium(vI) 0.0100 0.0100 100 95-105 

Qc2 
Total Chromium 1.00 0.981 98 7 95-105 
chromium 0.0100 0.0104 104 95-105 

Q c 3  
Total Chromium 1.00 0.9% 99.6 95-105 
chromium 0 - - - - 

SRM WPM1 
Total Chromium 0.0522 0.0510 97.7 95-105 

Total Chromium 0.0522 0.0520 99.6 95-105 
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Table 6-8 
Summary of Quality Control Results for 

Mercury Evaluation Tests Analyses 

Brooks Rand Method 

Mercury concentrations, ugh3 
PX4lllUer Hg (total) Hg 0 Hg(0) MhQIg Probe 

Reagent Blank - 0.022 0.052 0.002 0.0001 - 0.013 0 0.001 - SD 
N - 3 3 3 1 

Fuel oil replicate #1 replicate #2 replicate #3 mean SD 
Analysk (10/92): ng/g ng/g ng/g 

1.1 1.1 0.4 0.87 0.40 

Fuel Oil Spike Expected Measured YoRecOvev Data Quality 
Analvsis: Value Value Objective 

ng/g ng/g for spikes 
48.47 48.2 99.4 75-125 

Multime~als Method 

Sample ID Sample Duplicate RPD Objective 
Data Quality 

5-OUT-HG ughaction ugmction for LCS 

KMno4flaction m . 2 6  NIK0.26 NC 10 
fmntmadr-half 1.1 NDC 1.1 NC 10 

Ma!h Data Quality Data Quality 
spike Objective LCS Objective 

%Recovery for spikes Yo Recovery for LCS 

KMno4fraction 94 75-125 100.1 75-125 
fmnthck-half 94 75-125 96.9 75-125 
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Tabk G 9  
Summary of Quality Assurance Results for 

Met& by ICP-AES, GFAAS and CVAAS in Fuel Oil 

Duoliuk Anahw '5 Rryik 
fuel oil 7/16/92 

Msmod Sample Vllue Dupliuk Vduc RF'D LMo Qu&ly Objsstivs commsltr 
ug/g Un/R Ye for DuDLicdtu 

ARsrric GFAAS 0.008 0.019 n . 2  10 DosrnotmaDQo 
!%rim ICP-AES 2.1 13 47 10 D o n D o t m a D Q o  
Bayllium ICP-AES 0.053 0.054 2.4 10 
cadmium ICP-AES 0.01 0.01 0.2 10 
clnomhrm ICP-AES 032 0.2 6.2 IO 
-1 ICP-AES 1.2 1.2 3.2 10 

ICP-AES 0.69 0.69 0.2 10 
Lad ICP-AES 037 0.39 4.2 10 
M.ng- ICP-AES 031 0.24 0.24 10 
M W  CVAAS 020 0.04 139 10 DosrootmaDQo 
Molytdaum ICP-AES 024 024 0.9 10 
NdCI ICP-AES 39.5 ,o. I 2.3 !1 
%I& GFAAS NTJ a.005 NTJ a 0 0 5  - IO - ICP-AES 16.7 125 28.5 10 DosrnotmaDQO 
V d W ~  ~ - 1 C P - m  ~22.0 ~= ~~ 22.0 0.1 10 

-a - 

w e  RcrUm 
fuel oil 7/16/92 

PosFdigestion DuaQualityobj& ccalmalk 
%reanuy for spikes 

ArJmic 48 75-125 DaswtmCaDQo 
Bnrim 85 75-125 
Bcryuium 84 75-125 
cadmium 82 75-125 
ch lvmb n 75-125 
CObdt 75 75-125 
c o r n  80 75-125 
Lad 80 75-125 
M.nsmss 83 75-125 
Maslrry 22 75-125 DarnOtmtetDQo 
MolyWmum 83 75-125 
Nickel NM 75-125 ~ O O t ~ D Q O  
%lmium 0 75-125 DocrnotmcetDQO 
pborpbmus 107 75-125 
VlMpiUm NM 75-125 Dosr nor meet DQO 

NM- not mcani@id. It is likely that die sample u m  no1 spiked for V or Ni. 
( d d )  
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Table G 9  (continued) 
Summary of Quality Assurance Results for 

Metals by ICP-AES, GFAAS and CVAAS in Fuel Oil 

L a h t o r v  Check StaudnrdsResults 

Initial 
Elemeat calibration continuing Calibration Data Qualily Objective 

% Recovav % ReaVe2 .y  for LCS 

Arsenic 104.9 110.1 NP 90-110 
BflliUll 101.4 102.2 101.2 90-110 

CadmiUll 101.5 - - 90-1 10 
Chromium 106.3 106.4 105.2 90-1 10 
Cobalt 103.7 103.7 103.4 90-1 10 
coppa 102.8 102.7 101.4 90-110 
Lesd 99.3 - - 90-110 
Uangan- 104.1 - 100.2 90-1 10 - 109.4 101.3 100.2 80-120 
Molybdenlrm 96.1 98.8 97.4 90-110 
Nickel 105.1 105.2 105.0 90-1 10 
Selenium 102.7 92.0 NP 90-110 

V d U I D  100.4 99.5 97.8 90-110 

Sulfur Expeaed MeaWnd % Recovay Data Qur&h/ Objective 

BuylliUll 98.3 100.1 99.5 90-1 10 

Phosphorus 101.8 105.7 NP 90-110 

value, % Value, % for LCS 

0.5 0.498 99.6 90-1 10 
1.48 1.470 99.3 90-1 10 
2.04 2.04 100.0 90-110 

Notes: 

SulfurpaLECO SC 132 
NP=notpaformed 

PRELlMINARY DO NOT ClTE OR QUOTE 



Table G10 
Summary of Quality Assurance Results for 

Metals by ICP-AES, GFAAS and CVAAS io Furnace Hopper Ash 

puolicatc Analwis Rcsultr 

BattnnAsh 
7/21/92 Mahod SMlplcValue Duplicatcvalue RPD Data Quality Objective CwUnSntS 

UdX U?/X % for Duplicates 

GFAAS 
ICP-AES 
ICP-AES 
ICP-AES 
ICP-AES 
ICP-AES 
ICP-AES 
ICP-AES 
ICP-AES 
CVAAS 
ICP-AES 
ICP-AES 
GFAAS 
ICP-AES 
ICP-AES 

13.8 
185 
56.8 
4.8 
2% 
521 
378 
166 
641 

tDC0.1 
344 

15800 
N W . 5  

1570 
24900 

152 9.4 
168 9.4 
56.1 13 
3.5 302 
214 32.1 
441 16.7 
250 40.7 
137 19.5 
650 13 

351 3.7 
16ooo 1.6 

2.5 - 
w - 

24200 2.9 

- - 

10 
10 
10 
10 DxsnotmatDQO 
10 DxsnotmatDQO 
10 DxsnotmeaDQO 
10 DxsnotmatDQO 
10 DasnotmatDQo 
10 
10 
1u 
10 
IO 
10 
10 

_ _  

~ 

Dudicatc A n W  Resulk 
BknkSpikC 

Blanl;S@kC Duplicate RPD Data Quality Objective Comments 
Pml m for Duplicates 

1713 
1898 
54.8 
523 

196.8 
444.8 
230.8 
514.8 
499.6 
0.428 

382 
493.4 
181.7 
8825 

1713 0 
1920 12 
559 2 
495 5.5 
205 4.1 

455.9 2.5 
235.5 2 
452.6 12.9 
5042 0.9 
0.419 1.9 
378..6 0.9 
498.6 1 
181.7 0 
9163 3.8 

10 
10 
10 
10 
10 
10 
10 
10 DxsnotmatDQo 
10 
10 
10 
10 
10 
10 
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Table GlO(continued) 
Summary of Quality Assurance Results for 

Metals by ICP-AES, GFAAS and CVAAS in Furnace Hopper Ash 

Average Data Qualily Objective 
Blank Spike for Spikes 
%recwgr 

106 75-125 
95.5 
110.7 
101.8 
100.5 
90.1 
93.3 
96.8 
100.4 
106 
95.1 
99.2 
113 
90.0 

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

Note: manix spike reavery data is unavailable for ID-AES raults 
due to the high levels &metals relative to the spike level. 
The resulu ufa predigestion laboratory m e W  blank spike atp presented here. 
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Table Gll 
Summary of Quality Control Results for 

Chloride and Fluoride in Furnace Hopper Ash 

h l i c a t e  h a h i s  Results Soike Analvsis Results 

Quality 
SpCiS Sample Duplicate RPD Mshix spike Objective Comments 

4 R  UalK %Recovery for SDikCS 

Chloride -50 NDQ50 - 
Fluoride ND450 ND450 - 

109 80-120 
80-120 Does not meetDQ0 65.1 

Table 6-12 
Summary of Quality Control Results for 

PAH in Furnace Hopper Ash 

~~ DataQdty  ~ 

~~~ ~~~~~~ 

DuDl ica t e  Analvsis Results 
~~ 

~~ 

ssmple Duplicate RPD Objectivefor , 

canponent ug up, Duplicates 

Naphthalene ND 4.01 ND 4.01 - 50 
A-PW- ND 4.01 ND <0.01 - 50 
Acmaphthene ND 4.01  ND 4.01 - 50 
Fluorare 0.02 0.02 0.0 50 
Phenanthrene 0.27 0.23 16.0 50 
Anthracene 0.029 0.018 46.8 50 
Fluoranthcne 0.012 0.013 8.0 50 
pyrrne 0.0% 0.087 9.8 50 

50 
ND < 0.015 ND 4.01 - 50 

Beazo@)fluoranthmc ND4.01 ND 4.01 - 50 
Benm(k)fluoranthme ND 4.01 ND 4.01 - 50 
W a ) w r m e  ND 4.01 ND 4.01 - 50 
Indeno(l.29-cd)wRnc ND <0.01 ND 4.01 - 50 
Dibenzo(a,h)anthracene ND 4.01 ND <0.01 - 50 
Benz&hj)pqlene ND 4.01 ND 4.01 - 50 
2-Methylaaphthalene 0.013 0.017 26.7 50 

50 
3 3-M& Icholanthrene ND 4.005 - 50 

kwmillued) 

wa*thra- ND 4 . 0 1  ND 4.01 - 
chrys, 

7,12-D1methyllx1~(a)anthracene ND 4.005 ND 4.005 - 
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Table GlZ(continued) 
Summary of Quality Control Results for 

Analyses of PAH in Furnace Hopper Ash 

50 
so 
so 
85 
90 
84 
83 
92 
83 
87 
94 
100 
91 
110 
120 
110 

50 
68 
78 
85 
91 
60 
140 
104 
130 
120 
110 
110 
92 
110 
120 
120 

73 
76 
88 
95 
100 
71 
130 
100 
120 
120 
99 
110 
85 
120 
120 
120 

62 
72 
83 
90 
99 
66 
135 
100 
125 
120 
105 
110 
89 
115 
120 
120 

so-150 
50-150 
50-150 
50-150 
50-150 
50-150 
50-150 
50-150 
50-150 
50-150 
50-150 
50-150 
50-150 
50-150 
50-150 
50-150 

I 
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EPRlE~10106/R016C374.T 
d u r  

This Appendix contains summary tables of the laboratory analysis results for the ESP inlet and 
outlet gas, fuel samples and bottom ash samples. 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. AI1 blanks are carried through the entire analytical 
procedure. Corrections to the data for reagent or preparation blanks are noted. The blank correction 
contribution is the percentage of an analyte that was subtracted from the original value. For a series of 
tests the blank correction contribution is calculated as 

For example, the ESP inlet manganese result was corrected for the reagent blank of 9.2 pg. Raw data 
for the test series was 120,59 and 45 pg per train. The blank correction contribution is calculated as 

9.2 9 2  9 2  - x l o o  + - X 1 W  + --Xloo 
120 59 45 

3 

or (7.7% + 15.6% + 20.4%) 
3 

or 14.6% 

Blank corrections in no w e  bring the sample value below the reporting l i t .  Tables in this Appendix 
include: 

H-1 Trace Metals Analytical Results Summary 

H-2 PAH Analytical Results SUmmary 

H-3 Anion Analytical Results Summary 

H-4 Particulate Analytical Results 

H-5 Formaldehyde Analytical Results Summary 

€I4 Benzene and Toluene Analytical Results Summary 
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H -7 

H-8 

H-9 

H-10 

H-11 

H-3 
EPRlE:10106/R016C374.T 

aRtt0-r 

Total and Hexavalent Chromium Analytical Results Summary 

Mercury Evaluation Test Analytical Results Summary 

Fuel Oil Analytical Results Summary 

Bottom Ash Analytical Results Summary 

Summary of Blank Corrections Made to Analytical Data 

PRELIMINARY DO NOT CITE OR QUOTE 



H-4 
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H-6 

m w  
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H-7 
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H-8 

- 
E 
3 a a 

z 
i 
2 
2 
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e*** 
9 9 9 9  
0 0 0 0  
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s 
2 
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z 
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A 
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H-11 
EPR1E:10106/R016C374.T 

CARtbr 

TABLE €I-5 
FORMALDEHYDE ANALYTICAL RESULTS SUMMARY 

SITE 112 W I N L E T  AND 0UTLE"r 

Blank Correction 
Sample I.D. rcgrrest Reagent Blank, pg Contribution Field Blank, pg 

2A-Form-In 3.49 1.1 
2B-F0m-h 3.54 1.1 

2C-F0rm-h 2.19 1.1 
Averaee: 

2A-Form-Out 2.19 1.1  

2B-Form-Out 6.83 1.1  

2C-Form-Out 1.53 1 . 1  

Average: 

31.5% 4.13 
31.1% 3.33 

50.2% 6.62 
37.646 

50.2% 3.33 

16.1% 4.83 

71.9% 4.05 
- 46.1% 
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H-12 

TABLE H-6 
BENZENE AND TOLUENE ANALYTICAL RESULTS SUMMARY 

~ l l 2 ~ ~ A N D O ~  

Sample I.D. Benzene, ppb Toluene, ppb 

1 A-VOC-Inlet 

1B-VOC-Inlet 

1C-VOC-Met 

1D-VOC-Inlet 

1A-VOC-Outlet 

1B-VOC-Outlet 

1c-VOC-Outlet 

1D-VOC-Outlet 

0.25 

0.32 

0.25 

NDC0.15 

0.71 

1.12 

0.92 

0.72 

7.97 

3.91 

4.36 

3.11 

44.5 

30.2 

18.2 

6.54 

Note: No blank corrections have been made to the results. No tedlar bag blanks were performed. 
Laboratory blanks indicated no deteaable benzene or toluene. 
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H-13 
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TABLE H-7 
TOTAL AND HEXAVALENT CHROMIu'M ANALYTICAL RESULTS SUMMARY 

SITE 112 ESP INLET AND OUTLET 

T0t.l Chromium, Reagent Blank, Blank Comcrion 
slmplc I D .  Fraction P d 6  i d 6  ConrribUtiOn 

5-INCR KOH Filtrate 32.4 14.2 43.8% 
HNO, lmpiager 0.900 0.600 66.6% 
"0, Rinsc 1.05 0,600 57.1% 
Filmnt (filtcx) 27.8 0.600 2.16% 

5-OUTCR KOH Fih tc  17.2 11 .8'" 19.6% 
HNO, lupingc~ 1.30 0.600 46.1% 
HNO, R~MC 1.25 0.600 48.0% 
F i  (*) 24.5 0.600 2.45% 

6-rnCR KOH F h  15.9 7.99 50.2% 
"0, Impiagcr 0.550 0 . W  54.5% 
HNO, Rinsc 0.400 0 . W  75 % - (*) 16.6 0.600 3.61% 

13.4 
0300 
0.300 
3.15 

NDC2.55 
NDC4.92 
NDC1.77 

29.3 

ND C 1.59 
NDC3.24 
NDC1.50 

7.30 

NDC6.90 
NDC2.01 
NDC1.50 
NDC3.00 

8.32 
O . @ W  
0 . W  
0.WtJ 

- 
0 . e  
0.600 
0.600 

- 
0.600 
0.600 
0.600 

62.1 % 
100% 
100% 
16.05 

0.0% 

~ 
~ 

0.0% 
0.0% 
2.05% 

0.0% 
0.0% 
0.0% 
8.22% 

Husvalcnt chromium, Reagent Bleak,* Blank C o d o n  
Sample I.D. F d o n  P U h  Contribution 

5-MCR KOH Fdtrate 4.28 3.26 
S-OUTCR KOH Fillrate NDC1.68 336 
6-lNCR KOH Fillrate NDC0.89 3.26 
6 0 U T C R  KOH Filtrate ND<0.83 3.26 
8-INCR KOH Filtrate NDC4.25 3.26 
S-OUT-CR KOH Filtrate NDC2.6.5 3 26 
Field Blank lnletloudt KOH F b  ND < 1.15 

0.0% 
0.0% 
0.0% 
0.0% 
0.0% 
0.0% 
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TABLE H-8 
MERCURY EVALUATION TESTS ANALYTICAL RESULTS SUMMARY 

SITE 112 ESP OUTLET 

Brooks Rand Method, &train 
(witb blank c o d o m )  

NDCO.80 ND<O.80 0.60 - 5-MITIBR ND<2.1 
6-BR NDCI.8 ND<0.70 NDC0.70 0.10 0.m 

7A-BR NDC1.9 "DC0.70 NDC0.70 0.50 0.072 

7B-BR NDC1.8 ND<0.70 ND C 0.70 0.40 0.037 

Blanlo - 0.88 2.08 0.08 0.004 
O.OO0 0.04 - SD - 0.52 

7 A - h a  Blanlr"' 

7A1 340*9 
7A.2 143k6 

78-MlT 
7B1 7553 i 

17L-6 

7B2 315*8 

Multimetak Method, j&rab Hg Totalo' 

S-OUT-Hg 6-OUT-Hg 74UT-Hg Fmp Blank 

KMno, NDco.26 NDco.22 0.33 N D < O . 2 2  
front/back half 1.1 NDc1.1 NDc1.2 ND<l.l 

Note: 
('1 Tbe blank level of Hg is detennind fmm a series of measurements on the lot of carbon used. The average 

value wm 17*6 ng Hg per atridge. 
Multim& resulfa BIC not blank corrected. 

I 
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TABLE H-9 
FUEL OIL ANALYTICAL RESULTS SUMMARY 

SITE 1u 

OCP-AES, GFAAS, CVFAS) Average 

Trace Metals, pglg 711 6/92 7/17/92 711 8/92 BLank Contriburion 
Laboratory BlankComction 

h U i C  0.008 ND<O.005 ND<O.005 ND<O.oM 0.0% 
B8rium 
Beryllium 
cadmium 
chromium (coral) 

Cobalt 
Copper 
Lead 
Manganese 
M e r c q  
Molybdenum 
Nick4 
Phosphorvs 

2.1 
0.053 
0.010 
0.22 

1.2 
0.69 
0.4 

0.31 

2.3 
0.066 
0.015 
0.24 
1.4 

0.68 
0.36 
0.33 

3.6 
0.062 
0.014 
0.28 
1.3 

0.67 
0.4 

0.49 

0.40 

ND<o.m 
ND<O.OOS 

0.03 
ND<O.M 

0.05 
ND<0.3 

0.07 

15.9% 
0.0% 

0.0% 

12.2% 
0.0% 

7.3% 
0.0% 

18.6% 
0.20 0.10 0.06 0.12 69.0% 
0.24 0.25 0.23 ND<O.Ol 0.0% 

40 42 40 0.08 0.2% 

17 16 12 ND<5 0.0% 

Trace Metals, pglg 7/16/92 7/11/92 7/18/92 

A W U i C  0.059 0.070 NA 
Barium 
cobalt 
chromivm (total) 
Mercury 
Mangaocs. 

Molybdenum 
Selenium 

1.1 1.2 1.6 
1.3 1.5 3.0 

0.23 0.28 0.20 
0.0028 0.0043 0.011 

0.32 0.38 0.31 
0.13 0.15 0.12 

0.056 0.044 NA 
Vanadium 24 33 24 
chlorine 30.0 34.0 25.0 

Note: 
(continued) 

No blauk comtions for INAA results 
NA -Not available 
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TABLE H-9 (continued) 
FUEL OIL ANALYTICAL RESULTS SUMMARY 

SITE 112 

7/16/92 7/17/92 

% Water 
% Carbon 
5% Hydrogen 
5% Nitrogen 
46 Sulfur 
%A& 
96 Oxygen (W.) 

0.04 0.04 
85.87 85.85 
10.03 10.06 
0.50 0.43 
0.86 0.84 
0.01 0.05 
2.69 2.73 

0.05 0.04 
< 10 <10 

Brooks Rand 
mmAA 
IcP-AEs/cvAAs 

fucl sample 

P=P blank 
Blank correction 
contribution 

O.OOO9 - 
0.015 0.64 

0.045 0.40 
0.12 0.07 

0.0% 17.5% 

I 
Note: No blank correction available for composition or heating value 

Chlorine values by ASlU D 808 
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TABLE H-10 
BOTTOM ASH ANALYTICAL RESULTS SUMMARY 

s m  112 
M d s  #i& 7/21/93 
A r s c m C  14 
Barium 190 
Beryllium 57 
Cndrmum 5 
Chromrum (d) 300 
C O N  520 

380 
93 Copper 

Lad 
Lud 170 
M8llg.n.SC 640 

NDCO.1 
340 

M - V  
Molybdenum 
Nickel 16,000 
P h O s p b o r u s  1.600 
Selsmum NDC3 
V m d u m  25,oOo 

pm P& 
s w =  

---__________I___-__--I.___--. 

7/24/93 Mahod Blank 

NPphmslarc NDCO.O1 NDCO.005 
Acsnnphthyiyicnc NDC"."! NDc0.002 
AceaephUme NDCO.01 NDCO.005 
FlUOItUC 0.020 NDC0.005 

0.25 NDCO.005 
0.024 ~ NDCO.005 

Phmanthrrne 
Anmnccnc 
F l U d c n C  0.013 NDC0.005 

0.092 NDcO.005 
NDCO.01 ND<O.W5 

NDC0.015 NDC0.005 
NDCO.01 ND C 0.005 

NDCO.005 B e a z o ( k p u d c n c  NDCO.01 
B-(a- NDCO.01 NDC0.005 
1ndm0(1,29sd)pyrrne NDc0.01 NDCO.01 

NDCO.01 NDCO.01 
NDCO.01 Bcam(g,h,i)paylarc NDCO.01 

2-Mcthylnaphth.lmc 0.013 NDCO.005 
3-M&ylChOhU!hFXW NDcO.005 NDc0.005 

NDCO.005 7 ,12 - Ihmctby lbsnz (a~e  NDC0.005 

AJnons wg/g 7/24/93 
ChlOIIdC NDCZZO 
FlUoride ND C 150 

NDC1000 
4,900 Sulfue 

46 Sulfvr 232% 
Loss on Igmnm 458 % 

~ 

Bcnzoanthraccne 
cluyscln 
B m z o @ M U d -  

m-w- 

-----... -----I_------ 

-.----1- ---._--.----" .--111111.1..1.1. .-- 

NOTES: M d r  ~ l l u  am not blank comaed. 
PAH d u  am no1 bknl: sonsted. 
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TABLE H-11 
SUMMARY OF BJANK CORRECTIONS 

MADE TO ANALYTICAL DATA 
SITE 112 

Sample Typc Panrmetsr Type of Blank Blank Correction 
comction Contribution 

Exhaust Gas, ESP Inlet Arsenic 
Barium 
Beryllium 
cadmium 
ChmmiUm 
cobalt 
Copper 
Lsad 
ManganMc 
Mcrcvry - FWBH 
Molybdenum 
Nickel 
Selenium 
Phosphow 
Vanadium 

m o ,  Impinge1 

None 
Laboratory Blank 
Reagent Blank 
None 
Laborato~~ Blank 
Reagent Blank 
Reagent Blank 
Laboratory Blank 
Reagent Blank 
None 
Reagent Blank 
Reagent Blank 
Reagent Blank 
None 
None 
Reagent Blank 

Exhaust Gas, ESP httlet ArscniC 
Barium 
Beryllium 
cadmium 
ChmUlilDll 
cobalt 
Copper 
Lsad 
Mmgancse 
MCICIUY - FWBH 

-0, Impinge1 
Molybdenum 
Nickel 
Selenium 
Phosphow 
Vanadium 

Exhaust Gas, ESP Inld PAH (aU species) 

None 
Laboratory Blank 
None 
None 
Laboratory B h k  
Redgent Blank 
Laboratow Blank 
Laboratory Blank 
Reagent Blank 
None 
None 
Reagent Blanlr 
Labontory Blank 
None 
None 
Laboratow Blank 

None 

0.0% 
10.8% 
1.8% 
0.0% 
4.8% 
2.0% 
1.2% 

41.7% 
14.6% 
0.0% 

26.8% 
8.0% 
0.1% 
0.0% 
0.0% 
0.1% 

0.0% 
21.1% 
0.0% 
0.0% 
0.9% 
4.4% 
4.6% 

40.4% 
2.2% 
0.0% 
0.0% 
9.5% 
0.0% 
0.0% 
0.0% 
0.3% 

0.0% 
Exhaun Gas, ESP M e t  PAH (aU species) Nont 0.0% 

(continued) 
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TABLE H-11 
SUMMARY OF BLANK CORRECTIONS 

MADE TO ANALYTICAL. DATA 
m 112 

Sample Typc P-Ck.1 Type of Blnuk Blank Correction 
Correction Contribution 

Exhaust Gas, ESP Inlet Chloride (aU sample train fractions) None 
Fluoride (aU sample train fractions) None 
Slllfatc (aU sample train fractions) None 
Phosphafc (aU aample train fractions) None 

Exhaust Gas, ESP Outlet Chloride (aU sample train fractions) None 
F l w d e  (au sample train fractions) rione 
Sulfate (aU sample train fractions) None 
Phosphate (aU sample train fractions) None 

Exhaust Gas, ESP Inlet Parricum 
Exhaust Gas. ESP OutLCc Particum 

Exhaust Gas, ESP Inlet F o d e h y d c  
Exhaust Gas, ESP Outlet Formaldehyde 

Acetone reagent blnuk 
Acetone reagent blank 

Reagent blank 
Reagent b i d  

Exhaust Gas, ESP-Inlet Benzene and Toluene None 
Exhaust Gas, ESP Outlet ~ n z e n c  a d  TolueG None 

~ 

Exhaust Gas, ESP Inlet Total Chromium 
KOH Filtrate 
"0, impinge1 
"0, rinsC 
Fib1 

Exhaust Gas, ESP M e t  Total chromium 
KOH Fittnts 
"0, impmger 
"0, rinse 
FiltCI 

Reagent blnuk 
Reagent blank 
Reagent blank 
Rsagsnt blank 

Reagent blank 
Reagent blank 
Reagent blank 
Reagent blank 

Exhaust Gas, ESP Inlet Hexavalent Chmmium None 
Exhaw Gas, ESP Outlet Hexavalent Chmmium None 

0.0% 
0.0% 
0.0% 
0.0% 

0.0% 
0.0% 
0.0% 
0.0% 

1.0% 
0.4% 

37.6% 
46.1% 

0.0% 
0.0% 

31.3% 
4&4% 
44.0% 
2.61% 

27.2% 

49.3% 
48.7% 

8.89% 

0.0% 
0.0% 

(Confinucd) 
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TAB= H-11 
SUMMARY OF BLANK CORRECTIONS 

MADE TO ANALYTICAL DATA 
SITE 1l2 

Sample Typc PIlIUIWtC.1 Type of Blank Blank Comtioo 
conaction Contribvtioo 

Exhausl Gas, ESP outlet Mercury Evaluation 
1. BrooksRand 

2. MrI 

3. Mulhetds 

Fuel Oil (ICP, GFAAS, CVAAS) Ancnic 
Barium 
Bcryuium 
Cadmium 
Chmmivm 
cobalt 
copper 
Lcad 
Manganese 
Mercury 
MolyWCrmm 
Nickel 
~ l ~ n i u m  
Phosphom 
Vanadium 

Fuel Oil WAA) 

Bottom Ash 
Bottom Ash 
Bottom Ash 
Bottom Ash 

MuaLp 
PAH 
Anions 
WI 

Raageot blank 

Reagent blank 

Nolle 

None 
Laboratory blank 
None 
None 
Laboratory blank 
Nolle 
Laboratory blank 
None 
Laborato~~ blank 
Laborato~~ blank 
None 
NOM 
Laborato~~ blank 
None 
None 

Data received was 
blank comted 
Data rcceived was 
blank comtcd 

0.0% 

0.0% 
15.0% 
0.0% 
0.0% 

12.2% 
0.0% 

7.30% 
0.0% 

18.6% 
69.0% 
0.0% 
0.0% 
0.2% 
0.0% 
0.2% 

0.0% 
0.0% 
0.0% 
0.0% 
0.0% 
0.0% 
0.0% 
0.0% 
0.0% 

0.0% 
0.0% 
0.0% 
0.0% 
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