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E l e c t r i c h  
Research hsftute Leadershp in Science and Technology 

December 23,1993 

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

Dear Mr. Maxwell: 

In response to the Clean Air Act Amendments of 1990, the Electric Power 
Research Institute (EPRI) initiated the PISCES (Power Plant Integrated Systems: 
Chemical Emissions Studies) program to better characterize the source, 
distribution, and fate of trace elements from utility fossil-fuel-fired power 
plants. As part of the PISCES program, the Field Chemical Emissions 
Monitoring (FCEM) program has sampled extensively at a number of utility 
sites, encompassing a range of fuels, boiler configurations, and particulate, Q, 
and N G  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 118. 
Site 118 consists of a 850 MW residual oil-fired boiler with an electrostatic 
precipitator (ESP). It should be noted that the results presented in this report 
are considered PRELIMINARY. EPRI is continuing to review the Site 118 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 Site 118 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). A 10 p cyclone separator was used in conjunction with the multi- 
metals trains, thus providing metal concentrations for the < and > 10 p 
fractions. 

The primary objective of this report is to transmit the preliminary results from 
Site 118 to the EPA for use in evaluating select trace chemical emissions from 
fossil-fuel-fired steam generating plants. In addition to the raw data in the 
Appendix, the report provides an assessment of the trace metals material 
balances, discusses the data quality, identifies suspect data, and offers possible 

Onice Box 1M12. Palo Alto. CA 94303, USA (415) 
L Streel. NW. Suite 805. Washington. DC 20036. USA 

Haadquairam 



explanations for the questionable data. This report does not compare the 
results from Site 118 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 

Preliminary 
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SECTION 1.0 

1.1 BACKGROUND AND OBJECTIVES 

This report summarizes data gathered by Carnot at a power plant designated Site 1 18 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 EPRl is 
to measure the concentrations of selected inorganic and organic substances in the process and 
discharge streams of power plants. These data are being used to determine the fate and control 
of these substances. 

The primary objectives of this report are to provide infomation on fuel composition and 
stack emissions and to evaluate these data according to the criteria outlined below. The 
information is presented in a fonnat 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 front wall-fired boder firing residual oil. Particulate 
emissions were controlled by electmstatic precipitators. Sampling was conducted during 
January 1993. 

Table 1-1 lists the substances of intern to the FCEM project. The target anal@ list and 
additional speciation tests for nickel and chromium were chosen for study at Site 118. Carnot 
conducted the testing and has prepared this report using the following procedures to evaluate the 
data: 

a The type and quantity of quality assurance samples were reviewed to determine 
the confidence that can be placed in the results; and 

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

a 

Results are presented for each substance by individual run and as an averaged total. To 
demonstrate data variability, the 95 56 confidence interval about the mean is also presented. The 
confidence interval incorporates the combined process, sampling, and analytical variabilities. 

Preliminary Do Not Cite or Quote 



2 SECnON 1.0 IWRODVCllON 

TABLE 1-1 
FCEM SUBSTANCES OF INTEREST 

SITE 118 

Arsenic 
Barium 
Beryllium 
Cadmium 
Chlorine (as chloride) 
Chromium 
cobalt 
copper 
Fluorine (as fluoride) 

-we= 
Lead 

Mercury 
Molybdenum 
Nickel 

~ Phosphorus 
Selenium 
Vanadium' 

Benzene 
Toluene 
Formaldehyde 
Naphtbalene 
Acenaphthylene 
hnaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluomthene 
pyrene 
Benz(a)authracene 
Chrysene 
Bmm(b)fluomthene 
Benzo(k)fluomthene 
Be-(a)py=ne 
Indeno(1.2.3-cd)pyrene 
Dibenm(a, h)anthcene 
Bmm(g, h,i)pe.rylene 
2-Methylnaphthalene 
7,12-Dimethylbem(a)mthcene 
3-Methylcholanthrene 

(continued) 
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IN7RODUCnoN 3 SECllON 1.0 

TABLE 1-1 (Wntinued) 
FCEM SUBSTANCES OF INTEREST 

SITE 118 

1,3-Butadiene 

Methyl Bromide 
Trichlomfluoromethane 
Dichlommethane 
Chlomfom 
1,2-DichlorOethane 
1,l .  l-Trichloroethane 
carbon Tetrachloride 
1,2-Dichlompmpa~1e 
Trichloruetbene 
Perchloroe$hylene 
Dibmmoetbane 
Chlombenzene 
Ethylbenzene 
*Xylene 
Chromiuin (mal and hexavalent)o) 
Nickel (soluble, sulfdic, metallic, oxidic)o' 

Vinyl chloride 
Polychlorinated Dibemp-dioxins and 

Total and 2 , 3 ,  7, 8 substituted isomers 

PCDD/PCDF 
Polychlorinated Biphenyls: 
Total mono-decachlombiphenyls 

Radionuclides: 
Ram 
Rap.' 
ThP' 
ThP 0  
mp.' 
tly' 
P 
u p 3 d n 4  

Pd'O 
pb"0 

Polychlorinated DiLxmnJfllrans: 

tetra- through O C t a - C h l O ~ t d  

Notes: 
( I )  Dsrsrmination of Hexavalent Chromium Emislions frum Stationary Sourcss, Method M M ~  for Compliance 
witb the BIF R o ~ ~ ~ ~ ~ o I I u ,  EPA1530SW-91QlO. 

Nickel species were collected in a Modifibd EPA M d o d  5 train and aspuated by the Into Ltd. Sequential 
Leaching procdurs. 

Preliminary Do Not Cite or Quote 



IhTRODlJCnON 4 SECI7ON 1.0 

1.2 SAMPLING AND ANALYSIS PROTOCOL 

The sampling and analysis protocol for Site 118 is described in Appendix A. The 
technical approach used in the FCEM project has been to employ standard sampling and 
analytical procedures when possible. The methods used are comparable to those used at other 
FCEM sites with the following major exceptions: 

Benzene, toluene, and other VOC samples listed in Table 1-1 were collected in 
tedlar bags according to California Air Resources Board (CAREI) methodology 
rather than using VOST sampling. 

Flue gas metals were de.tennined using a cyclone separator to separate metals 
contained in particulate matter > 10 pm and metals contained in particulate matter 
< 10 pm. Vapor phase metals were combined with particulate metals < 10 pm. 
The total metals per sample train are reported. 

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

Metals speciation tests w m  performed for c h m i u m  using the draft EPA method 
and for nickel using a modified EPA 5 train with sequential leaching of the 
particulate sample. 

Polychlorinated dibenm-pdoxins (PCDD), polychlorinated dibenzo-furans 
(PCDF), polychlorinated biphenyls (PCB), and radionuclides were added to the 
FCEM list of species included for this p r o w .  

1.3 QUALITY ASSURANCWQUALITY CONTROL 

The completeness of the quality assurance data was reviewed to judge whether the quality 
of the measurement data could be evaluated with the available information. In general, the 
results of the QC checks available for Site 118 indicate that the sample m l t s  are well 
characte-. An evaluation of the accuracy, precision, and uncertainty of the data, even if 
only qualitative, is considered to be an impomt part of the data evaluation. A full discussion 
of each of these components of data quality can be found in Section 5.0. 

Standard 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, sumgate spikes, and labomtory control samples 
to determine accuracy; and 3) field blanks, aip blanks, method blanks, and reagent blanks to 

standard QNQC checks were used on samples from Site 118. Some QNQC checks do not 
apply to some types of analyses, for example, sumgate spikes do not apply to metals and anion 

determine if any of the samples were contamhated during collection or analysis. Most of these 1 

Preliminary Do Not Cite or Quote 
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analysis. The absence of any of these "standard" quality control checks from the Site 11 8 report 
does not necessarily reflect poorly on the quality of the data but does limit the ability to quantify 
the various components of measurement error. 

1.4 DATAQU- 

The available QNQC results were compared to the data quality objectives shown in 
Section 5.0. QNQC results outside the data quality objectives are noted and discussed, other 
quality assurance values are e v a l d ,  and the potential effect on data quality is noted. The 
detailed infomation presented in Section 5.0 supports the conclusion that the data quality 
objectives were met, with the following major exceptions: 

0 There are concerns that arsenic emission levels were not adequately 
quantified. Spike recovery of arsenic in the stack samples was low at 
47%. This indicates a possible negative interference from the sample 
matrix. Other concerns are that blank concentrations were high. The 
field blanks were 15096, and the laboratory blanks were 179% of the 
average sample level. This indicates a possible contribution to the sample 
values from field and laboratory conditions. There is higher confidence 
in the fuel analysis of arsenic by INAA. 

The blank correction contribution was high for mercury on the > 10 pm 
fraction at both the ESP inlet (81 %) and the stack (81 96). Field blanks 
were also high at 68% of the ESP inlet sample values and 258% of the 
stack sample values. 

There are concerns with the molybdenum results. The < 10 pm reagent 
blank was greater than the stack samples. For this fraction, the reagent 
blank m d o n  resulted in a value less than the reporting limit so the 
final conceotration was presented as detected at the reporting limit. 
Section 3.2 presents a complete discussion on data treatment. In addition, 
field blank levels for both the < 10 pm and > 10 p m  fractions at the stack 
were similar to sample levels. 

The > 10 Fm fraction of manganese in the stack was higher than expected 
by mass balance. The reason for this is not clear, and there is concern 
with the stack emission results. 

There are concerns that certain VOC were not adequately quantifid. 
these species are dichloromethane, vinyl chloride, toluene and 
1 , 1 , 1-trichlomthane. The sample spike recovery for vinyl chloride was 
low at 17% indicating a possible low bias in the sample results. Vinyl 
chloride was not detected in the exhaust samples. Dichlorumethane and 

a 

a 

0 
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toluene concentrations in a Tedlar bag blank were two times greater than 
the average exhaust gas levels. A sample of ambient air at Site 118 
showed a background level of l,l,l-trichlomthane that was 155% the 
average exhaust gas level. These. blanks indicate possible contributions to 
the sample from the field conditions. In addition, toluene may be subject 
to a possible high bias due to a high sample spike recovery of 147%. 

Formaldehyde field blank levels were approximately three times higher 
than the average ESP inlet sample value and four times higher than the 
average stack sample value. The impact on aclual emissions results is 
unclear, but there is a concern that all samples may be subject to random 
positive biases. 

Results for lead-210 at the stack are not reported because the laboratory 
experienced analytical difficulties with initial sample analysis and there 
was insufficient sample to rerun the analysis. Internal spike recoveries for 
uranium, polonium, and thorium were low for stack samples. 

Reagent blank levels for uranium-238. thorium-228, and radium-228 were 
similar to stack sample levels. Laboratory blank levels for uranium-233 
and -234, uranium-238, thorium-228, and thorium-232 were higher than 
sample levels in fuel oil. 

0 

0 

0 

~ 

1.5 REPORT ORGANIZATION 

Section 2.0 of this leport briefly describes the boiler, the particulate collection device, 
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 m l t s  of the chromium and nickel 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 concentmtiom, sampling data, 
process operation, error prupagation equations, and detailed QNQC data. 
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SECTION 2.0 

This section presents a description of the test site, designated Site 118, and the sampling 
locations at this site. 

2.1 FACILITY INFORhWlTON 

Site 118 is a front-fired Foster Wheeler boiler commissioned in 1980. The maximum 
rated capacity on this unit is 850 gross MW. This balanced-draft unit cumt ly  fires residual 
fuel oil. The oil used during testing contained approxhately 0.75% sulfur. The configuratiOn 
of the unit is summarized in Table 2-1. Figure 2-1 presents a process flow diagram of 
Site 118. 

2.2 EMISSIONS CONTROL 

Site 118 uses electrostatic precipitators @SP) for particulate contml. The ESPs have 16 
cells placed on two floors with 8 cells per floor. Char from the ESP hoppers is collected in an 
on-site storage silo; it is not reinjected into the furnace. The unit uses overfii air ports and flue 
gas recirculation (FGR) to the windbox for NO, contml. 

2.3 ASH REMOVAL FACILITY 

?be ash collected in the ESPs is conveyed to a storage silo which is periodically dumped 
to ash hauling trucks. 

2.4 SAMPLING LOCATIONS 

Samples were collected at the four locations identified in Figure 2-1. Fuel oil was the 
only feed stream sampled. One internal stream, the inlet gas to the ESPs, was sampled. Two 
discharge streams were sampled: the stack exhaust gas and the ash from the EsPs. 
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TABLE 2-1 
SITE 118 CONFIGURATION 

Maximum Gross Electrical Output, (Mw) 

Particulate Eanision Limits (lb/106 Btu) 

Particulate Control(" 

NO, Control 

Boiler Type 
Fuel Type 

Fuel Sulfur Content (%)O) 

Fuel Ash ( %)m 

Fuel Heating Value @tu/lb)" 

ESP Ash Disposal 

850 

0.03 

ESPs without char-reinjection 

FGR, Overfitre Air 

Front-fired 

Residual Oil 
0.75 

0.06 
18,756 

Storage silo 

(I) The ESP has a 99.5% design particulate removal efficiency. 
Average values measured during sampling. 

0 Fuel samples were collected at the beginning, middle, and end of each test 
day. A total composite of l5OOmP in three separate containers was 
obtained for each test day. Fuel oil usage rates were determined using a 
fuel oil totalizer. Calibration of the totalizers was performed using tank 
drop measurements of the Site 118 day tank. Fuel oil was sampled at the 
suction to the fuel oil supply pumps. 

Flue gas entering the ESPs was sampled at the available test ports on the 
two ESP inlet ducts. This location did not meet the EPA Method 1 
criteria for minimum distances from flow disturbance. Four ports were 
installed in each duct; however, one port on the east duct was 
inaccessible. Since the east duct had one fewer useable port than the 
west, the east duct ports were sampled for a propoxtionally longer period 
during the multipoint isokinetic traverses so that the total sample time was 
qual between the east and west ducts. In addition, a 28-point traverse 
was used for the multi-metals tests while a 35-point traverse was used for 

s 
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other isokinetic tests. The 28 points were chosen to meet the constant 
flow rate (through the cyclone) requirement of Method 201A while using 
one nozzle for the entire test. 

Flue gas at the stack was sampled at the four available test ports. A total 
of 12 points were sampled for isokinetic tests. Formaldehyde and VOC 
samples were collected at a single point non-isokinetically. Nickel 
speciation tests were isokinetic, but were collected at a single point at both 
the ESP inlet and the stack. Chromium speciation tests were performed 
isokinetically at a single point at the stack only. 

The ash from the ESPs was the only point in the ash handling process that 
was sampled. The ash collected in the ESPs is conveyed to a storage silo 
which is periodically dumped to ash hauling trucks. Fuel totalizer 
readings were periodically recorded so that the total amount of ash 
collected by the ESPs could be correlated with fuel input. Ash deposited 
in the economizer and furnace hoppers, and ash deposited on boiler 
surfaces could not be quantified for this project. 

0 

0 

The procedures for sample collection, preparation, and analysis 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 

Most of the tests were conducted at an average nominal full load of 840 W ,  which is 
98.8% of the maximum rated load of 850 MW. The load for tests 8 through 13 was reduced 
to 92.7% of maximum due to excessive boiler tube metal temperatures and high FD fan motor 
vibration. The average load for the test program was 818 MW, or 96.2% of maximum rated 
load. The average fuel flow was 401,900 Ib/hr. Prucess operation data are presented in 
Appendix E. 
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SECTION 3.0 

This section summarizes the data collected at Site 118. Recause the focus of this report 
is on exhaust gas emissions, only oil characterizaton data and gas stream data m presented here 
in detail. Sampling, preparation and analytical methods are summarized in Appendix A. 
Detailed analytical data can be found in Appendices B and C. 

3.1 SAMPLINGSCHEDULE 

Sampling at Site 118 was performed from January 20 through 29, 1993. Figure 3-1 
presents the sampling schedule. Test numbers have been assigned sequentially and all tests 
conducted simultaneously have the same number. Additional designators indicate the sample 
train type and sampling location. 

Five types of sampling trains were used to collect flue gas samples for the FCEM species 
of interest at the ESP inlet and at the stack. Thew hains were: metaWPMlo trains, semi- 
volatile organics trains, particulatdaniodnulionuclide trains, tedlar bag samples for volatile 
organic compounds, and formaldehyde mins. The isokinetic metals, semi-volatile, and 
pa&ulate/anion/donuclide tests required 12-point traverses of the stack location. 
Formaldehyde samples and tedlar bag samples for volatile organic compounds were collected 
at a single point. Radionuclides were collected at the stack only. 

The multi-metals train was modified by use of a teflon coated cyclone preseparator with 
a cut size of l O f l  pm. The fdter that collected PM< 10 pm was ultra-pure quartz fiber to 
minimize interferences. A teflon probe was used to e% metal contamination of the 
sample. The sampling train was run isokin&cally at a constant flow rate according to EPA 
Method 201A. 

A nickel speciation test series was performed at both the ESP inlet and stack locations 
using an EPA Method 5 train with the fdter and probe heated to 550°F to prevent formation of 
NiSO, in the sample train. Sampling was isokinetic at a single point. A sequential leaching 
procedure developed by Inco, Ltd. was used to separate nickel into four categories: water 
soluble, sulfidic, metallic, and oxidic. Analysis was by atomic absorption. 

Chromium speciation testing was performed at the stack using an EPA draft method. In 
this method, the samples were collected with a recirculating train where the fust impinger 
reagent was continuously recirculated to the n o d e  to prevent Cr+6 reduction between the n o d e  
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and impinger. Sampling was isokinetic at a single point. The hnpinger tmin samples were 
analyzed for by ion chromatography (IC) equipped with a post-column reactor (PCR) and 
a visible wavelength detector. Inductively Coupled Plasma Atomic Emission Spectroscopy (ICP- 
AES) was used to analyze the samples for total chromium. 

3.2 D A T A " R J U " T  

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 correct ions 

The individual run measurements were corrected for the reagent blank analysis when it 
was available and when it is allowed by the reference method. If a reagent blank was not 
analyzed or was considered nonrepresentative, the measurement was corrected for a laboratory 
blank. The labomtory blank is not exposed to field conditions and contains only the chemicals 
needed for analysis, so it is expected to be lower than the reagent blank. 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 detected at the reporting limit. Sample levels 
which are less than 5 times the reporting limit are flagged with an "@." Appendix H presents 
blank correction data, and an example of how the blank correction contIibutiw is calculated. 

3.2.2 Conce n m  

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

e When all values are above the detection limit, the mean arithmetic concentration 
is calculated using the r e p o d  quantities. 

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

An ~ V 
10,12,ND(8) (lo+ 12+[8/2])/3 8.7 

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

3.2.3 

If both fractions were detected, total metal emissions were reported as the sum of the two 
measurements. If both fractions were not detected, total emissions were reported as not detect, 
less than the sum of the detection limits of the two fractions. If one fraction was detected and 
one was not, the total is reported as the sum of the detected value and one-half of the detection 
limit for the nondetected value. 

3.2.4 of Multjple Train Fractions 

Some sample trains, such as the anions, are. analyzed in multiple fractions. If all 
fractions were detected, the total emissions were reported as the sum of the measurements. If 
all fractions were not detected, total emissions were reported as not detect, less than the sum of 
the reporting limits of the fractions. If one or more, but not al l  fractions were not detected, the 
total is reported as the sum of the detected values and one-half of the reporting limit for the non- 
detected values. 

. .  . .  3.2.5 --&mg 
Tbe metbod detection limit (MDL) is deliaed by 40 CFR 136, Appendix B - Derinition 

and procedure for the Determination of the Method Detection Limit - Revision 1. It states, 
"The method detection limit (MDL) is defined as the minimum concentration of a substance that 
can be m e a s d  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 s t a n w  deviation of the replicate analyses, and 

3.143 is the student "t" value corresponding to seven replicates with n-1 degrees of 
freedom at the 99 % confidence level. 

Additional criteria are imposed by the procedure for calculating subsequent method 
w o n  limits. In practice, the method detection limit can be impacted by variability in 
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performing the analytical pmwdure, the sample matrix and the analyte concentration of the 
sample. Because the method detection limit may not complaely specify the confidence an 
analytical laboratory has in reporting a result, a labomtory typically presents a reporting h i t  
or quantitation limit. The numerical difference between the method detection limit as defined 
by the CFR and a labomtory'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 
MDL. The values presented in this report are all based on individual laboratories' stated 
reporting limits. 

3.2.6 &$ m e  n t of Bias and Uncertain9 Estimam 

In calculating uncertaum . 'es that are presented in this report, procedures were followed 
?hat have heen previously established for PISCES data treatment. This procedure involved 
calculating an overaU uncertainty for each result using standard statistical techniques and known 
measurement biases. An e m r  propagation analysis was pedomed on calculated results to 
determine the contribution of process, sampling and analytical variability, and measurement bias, 
to the overall uncertainty in the result. 

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

3.3 OIL 

 his section presents analytical results for fuel oil ~amples. Complete results are 
included 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, 3 and 5),  and chlorine, fluorine, radionuclides, and 
fuel composition results. Chromium and molybdenum concentrations in oil composite 2 were 
27.0 and 4.0 mg/kg, respectively. However, the average conmtrations,of these metals in 
composites 1 and 3 were 0.2 and 0.08 mgkg, respectively. The chromium and molybdenum 
results for composite 2 were not consided representative and therefore were not included in 
the mean presented in Table 3-1. Table 3-1 also shows the mean value and the uncertainty in 
the results calculated at the 95% confidence interval about the mean. The contidence interval 
is the range about the mean in which the true mean lies within a given probability. For 
example, it is 95% certain that the true mean barium concentration in the oil is between 0.22 
and 0.56 mglkg. The confidence interval calculation is discussed in Section 5.0. 

Measurements of the analyte concentrations in fuel oil reported here were made using 
what Carnot 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 (lNAA) was used for the determination of 
arsenic, chromium, mercury, molybdenum, selenium, and chlorine. Inductively coupled plasma 
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atomic emission spectroscopy (ICP-AES) was used for the determination of barium, beryllium, 
cadmium, cobalt, copper, manganese, nickel, phosphorus and vanadium. INAA analysis was 
used where possible because the results exhibit good precision and low detection limits for most 
elements. Additionally INAA analysis involves few handling procedures and no wet chemical 
digestions. This eliminates most analytical difficulties associated with contamination or 
volatilization of some elements. Graphite Furnace Atomic Absorption Spectroscopy (GFAAS) 
was used for the determination of lead. Appendix G Contains an analysis of NIST fuel oil 
standard 1634B by INAA and ICP-AES, GFAAS or CVAAS. Arsenic, mercury and selenium 
were quantitated more accurately by INAA because of INAA's lower detection limit. Chlorine 
results by INAA were used instead of chlorine results obtained by ASTM D808 because of the 
better precision exhibited by INAA analysis. 

Fluorine COnCentrations were measured using an ion selective electrode; sulfur 
concentrations were measured by LHCO SC-132. Radionuclides were measured by alpha 
spectrometry. Caxbon, hydmgen, and nitrogen were measured with a LBCO C"/600 analyzer. 
'Ibe higher heating value of the fuel was measured by calorimetry by ASTM D24@87. The 
fuel ash content was measured gravimetrically using ASTM D482. 

3.4 BsPINLbT GAS 

Table 3-2 summarizes the Concentrations of the species in the flue gas. Additional data 
are. presented in Appendix B. The metals aains were analyzed in two fractions: 1) the cyclone 
catch (> 10 pm fraction) and 2) the combined pmbe rinse, filter, and n i ~ c  acidhydrogen 
pemxide impinger catch (< 10 pm fraction). The data represent the total (particulate plus vapor 
phase) concentration in the flue gas. The results from the > 10 pm and < 10 pm fractions are 
presented in Appendix B. Mercury results were obtained by analyzing the permanganate 
impinger solution, an aliquot from the > 10 pm fraction, and an aliquot from the combined 
pmbe rinse, Nter, and nitric acidhydrogen pemxide impinger solution. Anion results are the 
sum of analyses of each sample train portion. 

Only three PAH and seven VOC specie-s  we^ detected at the ESP inlet. Levels of the 
detected dioxins and furans were less than five times the v d n g  limit; no PCB species were 
detected. VOC results from Run 1B were not reported due to air in-leakage into the bag sample 
during transit to the laboratory. 

. The total concentrations from each run were averaged according to the convention 
outlined previously to obtain an overall mean concentration and uncertainty at the 95% 
confidence interval. Detailed uncertainty calculations are presented in Appendix F. 
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3.5 STACKGAS 

Table 3-3 summarizes the concentrations of the species in the flue gas emitted from the 
stack. The particulate and vapor fractions of the metals train were combined and analyzed as 
described previously for the ESP inlet gas. For radionuclide emissions, only Radium-228 and 
Thorium-230 were detected at more than five times the detection limit. Only three PAH and 
six VOC species were detected. These were naphthalene, phenanthrene, 2-methylnaphthalene, 
benzene, toluene, dichloromethane, 1,l,l-trichlomethane, ethylbenzene, and o-xylene. No 
dioxin, furan, or PCB species were detected at the stack. Uncertainty calculations for the stack 
samples are as described for the ESP inlet samples. 

3.6 EMISSION FACTORS 

Table 3-4 presents mean emission factors, expressed as lb/1012 Btu, for the stack 
emissions. Mean particulate emissions at the stack were 0.0041 lb/lo6 Btu. Emission factors 
for the detected metals ranged from 0.4 to 46.0 lb/lO" Btu. Beryllium and cadmium were not 
detected. 

Of the radionuclides, radium-228 had the highest emission factor at 259 pCiIlO'* Btu. 
The reagent blank represented 73% of this value. Radionuclide results were corrected for 
instrument background radiation levels but not for reagent blanks. Of the PAH target species, 
only naphthalene, phenanthrene, and 2-methylnaphthalene were detected. Their emission levels 
ranged from 0.012 to 0.3141b/10'* Btu. Other PAH species were not detected in the range of 
0.006 to 0.021 Ib/lO'* Btu. Detected VOC species had emission factors ranging from 0.53 to 
35.6 Ib/lO'* Btu. 

3.7 ESPPERFORhfANCE 

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 average ESP inlet and stack 
concentrations of the element. The removal efficiencies of metal species ranged from 14 to 
95 % . The ESP had a particulate removal efficiency of 92 96. Particulate phase trace metals tend 
to be generally well controlled. 
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TABLE 3-4 
STACK GAS EMISSION FACTORS AT SITE 118 

Gas Flow ,dscfm 
Oil Flow, K l b h  
Heating Valus, BWlb 

Particulate Loading. lb/lo6 Bh 

Metalr 
h n i C  
Barium 
Beryllium 
c.dmium 
CbromiVm 
cobalt 
Coppsr 
Lead 
Manganese 
Mercury 
Molybdenum 
Nickel 
Pbosphonu 
selenium 
Vanadium 

Anrons 
chloride 
Fluoride . 

Jhdionuclides. wCill0" B h  
Uranium-233 & -234 
UrMium-235 

1,501,700 
402 

18,156 

0.0041 

0.55 F 
7.16 F 
ND(0.06) 
ND(O.18) 
3.30 F 

1.94 
2.r) F 

1 .7W. F 
18.5 

0.50 F 
0.40B, F 

46.0 
2.7- 

1.U 
42.2 

3590 
85@ 

ND(16.4) 
NDf16.4) 

47,600 
11 

277 

0.0033 

0.3 
12.7 
NC 
NC 
1.9 
1.1 
4.3 
2.5 

10.6 
0.55 
0.4 
35 

3.0 
0.9 
33 

1,106 
47 

NC 
NC 

Urallium-238 m i i 6 . d  NC 
Radium-226 21@ 25 
Radium-228 259G3 48 
Laad-210 NA NC 
Polonium-210 21G3 21 
Thorium-228 8oqp 118 
Thorium-230 1WG3 205 
Thorium-232 1 9 ~ 3  26 

&@: (continued) 
F - Field blank grsater than 50% of avenge uncomcred m d t  
Cd - Gmcentntjon is 1- h five times the reporting limit 
B - Blank ~omct ion  exceded 50% of uncomtcd m d t  
ND - Not deWtcd a less tban the =porting Limit 
Mean gaa flow rate from Runs 1 .3 .5 ,6 ,7  and 8 
Mean oil flow rate from Runs 1, 3. 5. 6, 7, 8, 10, 11, 12, and 13 
NC - Not calculated 
NA - Not nnalyzed 
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TAR1.E -34 Icontinued) 
'ACTORS AT SITE 118 STACK GAS *ION F 

(lb/lOU Btu unless noted) 
Substance M- 95% c.1. 
D A "  a 

Naphthalene 
Phenanthrene 
2-Mstbylnnphthalene 

- 
PCDDlPCD F 

2378 TCDD 
12378 PeCDD 
123478 HxCDD 
123678 HxCDD 
123789 HxCDD 
1234678 HpCDD 
OCDD 

2378 TCDF 
12378 PeCDF 
23478 PeCDF 
123478 HxCDF 
123678 HxCDF 
234678 HxCDF 
123789 HxCDF 
1234678 HpCDF 
1234789 HpCDF 
OCDF 

Total TCDD 
Total PeCDD 
Total HxCDD 
Total HpCDD 
Total TCDF 
Total PeCDF 
T d  HxCDF 
Total HpCDF 

0.31 F 
0.012@ 
0.027@ 

ND(4.3 x lo", 
ND(4.6 x 1od) 
ND(l.1 x 103  
ND(4.7 x 10.9 
NDi7.9 x l+j 
NDl2.5 x 103 
NDh.1 x 10% 

ND(1.8 x lo", 
ND(2.6 x lo", 
ND(2.8 x lo", 
ND(5.7 x 103 
m . 0  x 104) 
ND(5.7 x lo-.i 
ND(8.2 x 104) 
m . 3  x 105 
ND(4.4 x 103 

ND(4.3 x lv) 

ND(2.5 x 103 
ND(1.8 x lo", 

ND0.4 x 103 

ND(1.6 x 10') 

ND(4.6 x lo", 
ND(6.8 x lo", 

ND(2.6 x lo", 
ND(5.0 x 103 

0.11 
0.012 
0.033 

NC 
NC 
NC 
NC 
NC 
NC 
NC 

NC ~~ 

NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 

NC 
NC 
NC 
NC 
NC 
NC 
NC 
NC 

NC Total Chlombiphsnyls ND(0.W) 
Total Dichlombiphenyls ND(O.004) NC 
T0t.l Trichlombiphenyls ND(O.009) NC 

NC 
NC 

T d  Tebactdombiphenyls ND(o.007) 
Total Pcntachlombiphenyls ND(O.18) 
Total Heurchlombiphenyls ND(o.008) NC 
Total Hepraehlombiphenyls ND(O.007) NC 
Total Octachlombiphenyls ND(O.005) NC 
Total Nonachlorobiphenyls ND(0.w NC 
Dscachlombiphcnyl ND(0.014) NC py: (continued) 

@ - Concentmtion is lesa than five times the reponing limit 
B - Blank c o m t i o n  exceeded 50% of uncorrected r e d t  
ND - Not dstseted at less than the reporting limit 
NC - Not calculated 
NA - Not analyze3 

E2 

ield blank gMter than 50% of average uncorrected result 
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TABLE 3-4 (continued) 
STACK GAS EMISSION FACTORS AT SITE 118 

IIb/lO' Btu unless noted) 
Substance MeaD 95% c.1. 

Toluene 

Viy l  Chloride 

Methyl Bromide 
Trichlorofluommsthacls 
Dishloromethane 
Chloroform 
1 .2-Dichlome~e 
1 .I .I -Trichlorodmne 
Carbon Tetrachloride 
I .2-Dicllloroproparle 
Trichloroetbene 
1 , 2 - D i b m m ~ e  
PerchlomethylCme 
chlorobemne 
Ethylbsnzsne 
0-Xylene 

1 . 3 - B d ~ m e  

0.53@ 
7.6 

ND(1.43) 
ND(0.16) 
ND(1.74) 
m.w 

35.6 
ND(1.W 
ND(2.11) 

1 .sqp 
m.w 
ND(2.41) 
ND(1.20) 
ND(2.8'7) 
ND(l.01) 
ND(0.69) 

0.43@ 
0.7- 

0.42 
8.50 

NC 
NC 
NC 
NC 

39.9 
NC 
NC 
1.0 
NC 
NC 
NC 
NC 
NC 
NC 

0.34 
0.91 

1 

I 
- 

Formaldehyde 5.4 F 3.3 

b 
F - Field blank greater chan 50% of average unconaclsd rwull 
@ - Concentration is lear thn five times the rsponing limit 
B - Bbnk corrsction excaeded 50% of unconacted me-ul~ 
ND - Not detected I( lesa chan the reponing limit 
NC - NM calculated 
NA - NM u d y d  
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TABLE 3-5 
ESP REMOVAL. EFFICIENCY 

SITE 118 

Svxies Removal Efficiencv. 46 Uncertainw, % 

92 

44 

59 

NC 

NC 

55 

92 

67 

73 

14 

41 

88 

93 

33 

95 

94 

6 

10 

18 

NC 

NC 

16 

14 

13 

16 

32 

20 

6 

13 

2o 

6 

6 

- Notes: 
NC - not calculated BayUium was not detected at the StaCL. Cadmium was not detsted at the ESP inlet or 
the stack. 
F - Field blank greater thrn 50% of avenge unwrrstsd nsult 
@ - Concentration is lcss than five timcs the reporting limit 
B - Blank correction excecdcd 50% of u n c o ~ ~  result 
(1) - Manganese > 10 pm fraction at the stack was higher than expected. The rcasoIl for this is not clear. 
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SECTION 4.0 

SPECIATION 

4.1 CHROMIUM SPECIATION TESTS 

For this progmm, the EPA recirculating train method was used for chromium piat ion.  
Samples were collected at a single point at the stack. The primary objective of this testing was 
to determine the fraction of total chromium emissions that is hexavalent chromium. Since the 
mechanical complexity of the sample train precluded a complete traverse, actual hexavalent 
chromium emission rates could not be measured. However, it is likely that the ratio of 
hexavalent to total chromium does not vary across the sample plane, and the measured fraction 
can be applied to other total chromium results (e.g., from the multi-metals tests) to calculate a 
hexavalent chromium emission rate. 

The results of the hexavalent and total chromium tests are presented in Table 4-1. Four 
replicate tests were performed on two consecutive days at an average unit load of 788 MW 
gross. AU samples were analyzed for hexavalent chromium by two labomtories. A comparison 
of their analyses showed some differences, but not outside the uncextahty of the method. Since 
there are no indications of analytical difficulties to invalidate either set of data, hexavalent 
chromium mults are an average of the two sets of labomtory analyses. 

Hexavalent chromium was detecsed for all four tests at an average level of 0.280 pg/Nm3. 
The average ratio of hexavalent to total chromium is 15.5% (with a range of 8 to 25 96). Total 
chromium results are the sum of analysis results for all fractions of the sample train. Total 
chromium was detected in the sodium hydroxide fraction of the train, however, the results are 
considered biased high since it is unlikely that "C9+ would be soluble in sodium hydroxide. 
These results were not used, instead hexavalent chromium results for the sodium hydroxide 
fraction were used to calculate total chromium. Total chromium averaged 1.97 pg/Nm' for the 
four tests and was detected in all samples. 

Total chromium from the multi-metals tests averaged 4.8 pgMm3 which is 144% higher 
than the value from the speciation tests. Two important factors may have contributed to this 
difference: 1) the field blank level for the chromium analyses from multi-metals tests was 62 96 
of the average chromium sample level; the multi-metals train used a teflon coated stainless steel 
cyclone while the chromium speciation train was teflon with no filter; 2) the recirculation tests 
were conducted at a single point, while the multi-metals testing involved a full traverse. 

Radioactively labeled "CP+ was added to the NaOH impinger solution for all tests to 
determine the conversion of "Cf+ to 'IC?+ in the Sample train. The average conversion was 
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TABLE 4-1 
STACK CONCENTRATIONS OF 

TOTAL AND HEXAVALENT CHROMIUM AT SITE 118 

Run No. lacrc 11CI.c 12Crc 13Cr-C Avuage 95% C.I. 

Gls Sh.cunFlo9, R.tc, 1,420,000 1,390,000 1,470,000 1,470.000 1,440,000 63.000 
dsch 
N m ’ k  2,250,000 2,200,000 2,330,000 2,330,000 2,280,000 %000 

Tal chmmium 1.71 3.25 1.90 1.02 1.97 1.50 
Hs3uvdud Cbmmium 0.21 0.28 0.47 0.17 0.28 0.21 

CPl ITod Cr, % 123 8.4 24.1 16.5 155 

wnvcrsion, %(I’ 

Heuvdmr to tri-v.lcm 24.6 24.3 20.4 2.04 17.8 

N O W  

“’ 
- 

Hcuvdcm to mvdent conversion is the perccnmgc of a nduuctively W e d  plbtaa spike of heuvdcm chrormum 
C’CP) ch.1 WM converted to trivdat chrolmum. 

~ 

I 17.8% with a range of 2% to 25%. These conversions are consistent with data from previous 
pmgrams using the recirculation metbod, and indicate hexavalent chromium results may be 
biased low. 

4.2 NICKEL SPECIATION TESTS 

Nickel speciation sampling was performed using a modified EPA Method 5 train with 
the fdter heated to 550°F to prevent the formation of NSO, in the sample train. Testiug was 
performed isolcinetically at a single point at the ESP inlet and stack. The front half of the train 
was analyzed using the Loco sequential leaching procedure to separate nickel compounds into 
four categories: soluble (water soluble salts such as nickel sulfate and nickel chloride), sulfidic 
(nickel sulfides including Ni&, NiS, N&), metallic (Ni, nickel alloys, steel), and oxidic (NiO, 
complex oxides, silicates). 

The results of the nickel Speciation tests are presented in Tables 4-2 and 4-3. The 
results, when expressed as percent of total nickel, are consistent for each replicate. Nickel is 
37% soluble and 54% oxidic at the ESP inlet. A small percentage (8%) is sulfidic and the 
metallic nickel level is near the detection limit. At the stack, nickel is 64% soluble and 27% 
oxidic. The distribution of suUidic and metallic nickel is essentially unchanged across the ESP. 
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The change in soluble and oxidic nickel distribution across the ESP is likely to be due to 
conversion of nickel oxide to nickel sulfate in the presence of SO3. 

The difference between total nickel results from the nickel speciation tests and total nickel 
from the multhetals tests varies greatly between the ESP inlet and stack locations. At the ESP 
inlet, nickel speciation total nickel is 66% higher than multimetals total nickel. At the stack, 
nickel speciation total nickel is 25 % lower than the multimetals nickel results. The relatively 
large differences between these total nickel results are attributable to the differences in the 
sampling techniques. Multimetals testing involves multipoint instead of single point sampling, 
and a larger sample volume. In addition, the entire multimetals sample train is analyzed for 
nickel. It is likely the distribution of nickel compounds does not vary across the sample plane, 
therefore, the nickel speciation results can be considered representative. However, the total 
nickel values from the nickel speciation tests cannot be considered representative of the source. 

TABLE 4 2  
ESP INLET NICKJCL SPECIATION RESULTS AT SITE 118 

Avenge 95% C.I. Run No. 8A 8B 1OA 1OB 
GM S ~ l c l m  Flow Rate. 1,360,000 1,360,000 1,360.000 1,380,000 It65,ooo 16,000 
dscfm 
N m ’ k  2,153,000 2,153.000 2,153,000 2,185,000 2,161,000 2wJo 

T0t.l Ni. pgiNm’ 1.420 1.533 1,730 1,632 1.579 21 1 
Pmcm Distribution of 
pickel Forms: 

Solubk 38.8 315 345 35.4 36.6 7.8 
sul6dic 9.3 8.9 7.3 6.0 7.9 2.9 
M d c  ND(l.0) ND(0.3) 2.1 1.8 1.1 1 .5 
Oxidic 51.4 53.4 ‘ 56.1 56.7 54.4 11.5 
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TABLE 4-3 
STACK NICKEL SPECIATION RESULTS AT SITE 118 

Run No. 8A 10A 13A Avenge 95% C.I. 

Gu, S o u m  mow Ruc, 1,410,000 1,360,000 1,480,oOo 1,417.000 150,000 

N d h  2,232,Ooo 2.153.000 2,343,000 2,243,000 237.OOO 

'Total Ni, &Nm' 30.1 63.0 55.8 49.6 43 .o 

&fin 

Pacent Diwibution of 
Nickel F o m :  

Soluble 68.0 62.S 60.9 63.8 11.5 

Marllic ND(3.6) ND(1.6) ND(3.8) ND(3.O) - 
SUl6diC 7.3 8.1 1.9 7.8 1.3 

oxidic 22.9 28.6 29.3 26.9 9.2 
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Sevexal procedures can be used to evaluate the information developed during a field 
sampling prugmn. In the case of Site 118, three methods were used to evaluate data quality. 
First, the pmxss 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 118 (Le., equipment calibration and leak checks, duplicates, 
blanks, spikes, standards, etc.) were evaluated. Site 118 QNQC data were compared with 
FCEM project objectives. Third, material balances were calculated around the boiler 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 accurate results for streams that contribute significantly to the overall 
inlet or outlet mass rates, such as the fuel oil, ESP fly ash, and stack outlet streams. 

5.1 PROCESS OPERATION 

Prams opemting data were examined to ensure that operation was stable during sampling 
periods. Measurements were available from control room instrumentation. Table 5-1 shows the 
key unit operating parameters and cooditions. The coefficient of variation (CV) was calculated 
for each parameter to evaluate process variability over the test progxam. 

As stated in Section 2.5, Tests 1 through 7 were conducted at 99% of maximum load. 
The load for Tests 8 through 13 was reduced to 93 % of maximum due to excessive boiler tube 
metal temperatures and high FD fan motor vibration. 

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 
calibrated before use in the field. Dry gas meter calibrations were checked at the end of 
sampling. These and additional periodic equipment calibrations are on file at Carnot. The 
methods used to collect metals, particulate/anion, radionuclide, PAH, dioxin, furan, PCB, VOC, 
and formaldehyde samples were comparable to those used at other FCEM sites. The sampling 
runs were well documented, and these flue gas samples were collected at rates between 90 and 
100% isokinetic. Flue gas conditions during this test series were 4% oxygen, 6 to 11% 
moisture, 290 to 340°F and flow rates of approximately 1,502,000 dscfm. These values are 
representative of an oil-fired utility boiler of this size. 
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Sufficient data were collected using standard sampling and analysis methods to ensure 
acceptable data completeness and the comparability of measurements. Major differences from 
many other FCEM programs were that the VOC samples were collected according to CARE 
Method 410A in tedlar bags and formaldehyde samples were collected non-isokinetically 
according to CARB Method 430 in midget impingers containing 2,4-dinitrophenyUlydrazine. 

Flue gas was sampled at the seven available test ports at the ESP inlet. The duct with 
three ports was sampled proportionally longer than the duct with four ports. This location did 
not meet the EPA Method 1 criteria for minimum distances from flow distuhances. Three- 
dimensional testing was not performed to determine flow angles at this location. However, a 
p r e l i m i i  velocity traverse was conducted. This preliminary velocity traverse using an S-type 
pitot pmbe and a 7 x 7 sample point matrix indicated very low flow at points near the duct 
walls. Subsequent isokinetic tests used a 7 x 5 sample point matrix. The number of sample 
points at this lccation was reduced to 28 for metals tests in order to meet the sampling 
requirements of Method 201A. In Method 201A a constant sampling flow rate is maintained 
through the cyclone. The 28 points were chosen so that one nozzle could be used for the entire 
test. The differential pressures measured at these selected points were similar to the average 
differential pmsure obtained from a full traverse. Flue gas was also sampled at the four 
available stack test ports. A total of 12 points were sampled for isokinetic tests. The stack 
sampling location met the EPA Method 1 criteria for minimum distances from flow disturbances. 
A cyclonic flow check was performed at the stack location. No yaw angles were greater than 
10 degrees. 

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 c o l l e c t e d  during flue gas 
sampling periods. 

Calculated exhaust gas flow rates for this site are represeatative of typical oil fired units. 
The flow rates for this site are calculated from the oil flow rate and F-factor as: 

Flow rate (dscfm) = Oil flow (lblhr) * "V (Btullb) * F-factor (dscf/MMBtu) 
* MMBtdl06 B ~ u  * hr/60 min * 20.9/(20.9 - 9603 

where "V = 18,756 Btullb, 
and 

This calculation was used to determine the ESP inlet flow rate because it was subject to 
less uncertainty than the pitot traverse measurements. Factors that contributed to not being able 
to accurately measure the flow rate directly in the ESP inlet ducts are: proximity to flow 
disturbances, the large range of differential pressures in the duct, and the necessity of sampling 
only selected points for isokinetic tests. The fuel flow rate was determined from fuel oil 
totalizers. Calibration of the fuel oil totalizers was performed using tank drop measurements 
of the Site 11 8 day tank. On average, the stack pitot traverse flow rate results were 10% higher 
than the F-factor based flow rate results. 

F-factor = 9,200 dscfhlMBtu @ 0% O2 
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Details on sample collection 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 quality of the measurement data is based on quality control data 
obtained experimentally during sampling and analysis. Generally, the type of quality control 
information obtained pertains to measurement precision, accumy. and blank effects, determined 
using various types of replicate., spiked, and blank samples. The specific characteristcs 
evaluated depend on the type of quality wntrol checks performed. For example, blanks may 
be prepared at different stages in the sampling and analysis process to isolate the source of a 
blank effect. Similarly, replicate samples may be. genexated at different stages to isolate and 
measure sources of variability. me QNQC measures commonly used as part of the FCEM data 
assessment protocol, and the cbmtemh . 'c information obtained, are summanzed ' inTable5-2. 
The absence of any of these types of quality control checks from the data reports does not 
necessarily reflea poorly on the quality of the data, but does limit the ability to measure the 
various components of measurement error. 

As shown in the table, M e m t  QC checks provide different types of information, 
patticularly pertaining to the sources of ioaccuracy, imprecision, and blank effects. As part of 
the FCEM project, measurement prgision and accumy are typically estimated from QC 
indicaton that cover as much of the total sampling and analytical process as feasible. Precision 
and accuracy measurements are basedprimariy on theactual sample matrix. The precision and 
accuracy cxtmata obtained experimentally during the test programs are compared with data 
quality objectives @QOs) established for the FCEM project. 

These DQOs are not intended to be used as validation criteria, but they can be. used as 
empirical estimates of the precision and accuracy that would be expected from existing reference 
measurement methods and that would be. consided acceptable. The precision and accuracy 
objectives are not necessarily derived from analyses of the same types of samples beiig 
hvestigated. Although analytical precision and accuracy are relatively easy to quantify and 
control, sampling precision and accuracy are unique to each site and each sample matrix. Data 
that do not meet these objectives are not necessarily unacceptable. Rather, the intent is to 
document the pmision and accuracy actually obtained, and the objectives serve as benchmarks 
for comparison. The effects of not meeting the objectives should be consided in light of the 
intended use of the data. 
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TABLE 5-2 
. TYPES OF QUALITY CONTROL SAMPLES 

oc Activitv CbaneteristiC Measured 

Meai.apilrsd samplca 

kboruoy c4mhvl pr;ladude (LCS) 

Shudud Ref- Macerid 

Blank 
Field Blank 

Trip Blank 

Method Blank 

Ragmt Blank or Field R u g c a t  BLnL 
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5.4 ANALYTICAL QUALITY CONTROL RESULTS 

Table 5-3 summarizes the types of quality control data reported for Site 118. The results 
of these analyses are summarized in Appendices G and H. Table 5-4 presents a summary of 
precision and accuracy measurements. Accuracy measures in this table represent laboratory 
recovery not accuracy in the sampling procedure. Based on the quality control data evaluated, 
the majority of the results met the project objectives. The absence of a particular quality control 
measurement does not indicate that the data reported are unacceptable, but does indicate. that not 
enough infomation is available to unequivocally validate the data. 

The following potential problems were highlighted by the quality control data: 

0 There are concerns that arsenic emission levels were not adequately 
quantified. Spike recovery of arsenic in the stack samples was low at 
47%. This indicates a possible negative interference from the sample 
matrix. Other concerns are that blank concentrations were high. The 
field blanks were 150%. and the labomtory blanks were 179% of the 
average sample level. This indicates a possible contribution to the sample 
values from field and laboratory conditions. There is higher contidence 
in the fuel analysis of arsenic by INAA. 

The blank correction contribution was high for mercury on the > 10 pm 
fraction at-bth the ESP inlet (81 %) and the stack (81 9%). Field blanks 
were also high at 68% of the ESP inlet sample values and 258% of the 
stack sample values. 

There are concerns with the molybdenum results. The < 10 pm reagent 
blank was greater than the stack samples. Because a reagent blank 
correction was made, the f d  result for this fraction was r e p o d  at the 
reporting limit. Section3.2 presents a complete discussion on data 
treatment. In addition, field blank levels for both the < 10 pm and 
> 10 pm fractions at the stack were similar to sample levels. 

The > 10 pm fraction of manganese in the stack was higher than expected 
by mass balance. The reason for this is not clear, and there is concern 
with the emissions results. 

0 

0 

0 

0 Analytical precision was poor for the following metals in fuel oil: arsenic 
(26% RPD), barium (15% RPD), beryllium (20% RPD), copper (22% 
RPD), manganese (26% RPD), and vanadium (17% RPD). 

Field blank levels for naphthalene at both the ESP inlet and the stack were 
58% and 86% of sample levels, respectively, indicating a possible high 
bias in the sample results. Naphthalene is a suspected degradation product 

0 
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of a common contaminant to the -2 resin used in the sampling train. 
(Thornson, R.D., Foster, M.G., "Degradation of XAD-2 Resin in Dry 
Storage and Its Impact on PAH Analysis," AWMA 1991.) 

Field blank levels for 123478 HxCDD and OCDD at the ESP inlet were 
96% and 58% of sample levels, respectively. The field blank level for 
OCDD at the stack was 51 % of the sample level. Sample results for these 
isomers may be biased high. 

There are concerns that certaiu VOC were not adequately quanMied; these 
species are dichloromethane, vinyl chloride, toluene and 
1 , 1 ,l-trichloroedme. The sample spike recovery for vinyl chloride was 
low at 17% indicating a possible low bias in the sample xesults. Vinyl 
chloride was not detected in the exhaust samples. Dichloromethane and 
toluene concentrations in a Tedlar bag blank were two times greater than 
the average exhaust gas levels. A sample of ambient air at Site 118 
showed a backgxuund level of l,l,l-trichloroehne tbat was 155% the 
average exhaust gas level. These blanks indicate possible contributions to 
the sample from the field conditions. In addition, toluene may be subject 
to a possible high bias due to a high sample spike recovery of 147%. 

Fonnaldehyde field blank levels were approximately three times higher 
than the average ESP inlet sample value and four times higher than the 
average stack sample value. The impact on actual emissions results is 
unclear, but there is a concern that all samples may be subject to random 
positive biases. 

Results for lead-210 at the stack are not reported because the laboratory 
experienced analytical difficulties and there was insufficient sample to 
rerun the analysis. Inte.mil spike recoveries for uranium, polonium, and 
thorium were low for stack samples. 

Blank levels for uranium-238, thorium-228, and radium-228 were similar 
to stack sample levels. Blank levels for uranium-233 and -234, 
uranium-238, thorium-228, and thorium-232 were higher than sample 
levels in fuel oil. 
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Presented below is a general discussion of considerations to be used when evaluating data 
and definitions of terms used to describe quality assurance indicators. 

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

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

The efficacy of the analytical procedun for a given sample matrix is quantified by the 
analysis of spiked samples contauun ' ' g target or indicator anal* or other quality assumce 
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 the sample before spiking. 

~~ 

expresses the degree to which sampling data accurately and precisely 
represent a characte.ristic 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 pxwperly selected and that a sufficient number of samples are collected. 

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

Completena 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 
Complete QMQC data is presented in presented below for each measurement type. 
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Appendix G. Appendix H presents analytical and blank correction data. Table H-12 contains 
a summary of blank correction contributions to the sample values. 

5.4.1 &f& 

&cision 

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

At the ESP inlet, the c 10 pm fraction duplicate results for all detected metals met the 
10% RPD objective. The >10 pm fraction duplicate also met this objective except for 
beryllium (20%) and mercury (25%). Duplicate analyses for arsenic, lead, and selenium were 
not performed for metals at the ESP inlet. Cadmium was not detected in the fractions analyzed 
and thus precision was not calculated. 

At the stack both fractions met the 10% RPD objective for a l l  detected metals except for 
arsenic in the < 10 prn fmction (11 %) and mercury in the > 10 pm fraction (18%). Duplicate 
analyses for arsenic, lead, and selenium were not performed. Beryllium, cadmium, mercury, 
and molybdenum, and phosphorus were not detected and thus precision was not calculated for 
these species. 

Preciiion for total metals was also calculated based on replicate runs. This type of 
precision estimate should be more variable than that obtained from duplicate analyses due to 
vaxiability in the process and sampling. The total precision data on replicate runs were 
compared to a typical CV objective of 20%. Of the detected metals, ESP inlet chmmium, lead, 
manganese, mercury and selenium did not meet this objective. None of the stack metals met 
this objective. 

Precision of fuel oil metals analyzed by ICP-AES (barium, beryllium, cadmium, copper, 
manganese, nickel, phosphorus, and vanadium) and GFAAS (lead) was calculated from duplicate 
analyses. Of these only lead (7 %) and nickel (1 %) met the 10% RPD objective. Cadmium and 
phosphorus were not detected. Precision for the remaining species ranged from 15 to 26% 
RPD. Precision for the metals analyzed by INAA (arsenic, chmmium, cobalt, mercury, 
molybdenum, and selenium) was calculated by duplicate analysis. Of these, only arsenic (26%) 
did not meet the 10% RPD objective. 

Precision for the ESP ash metals analyzed by ICP-AES (beryllium, cadmium, copper, 
lead, manganese, nickel, phosphorus, and vanadium) was calculated by duplicate analysis. All 
of these metals met the 10% RPD objective except for manganese (17%). Precision for the ESP 
ash metals analyzed by INAA (arsenic, barium, chromium, cobalt, mercury, molybdenum, and 
selenium) was calculated by duplicateanalysis. Of these, chmium (33%), molybdenum (23%) 
and selenium (21 %) did not meet the 10% RPD objective. 

Preliminary Do Not Cite or Quote 

~~ 



DATA EVALUATION 60 SECTON 5.0 

Accuracy 

The accuracy of metals analyses in flue gas was determined from spiked samples. A 
spike recovery objective of 75-125 % is specified by the multi-metals method. One ESP inlet 
and one stack sample were spiked afte.r digestion and before analysis. Typically if the recovery 
is not within *25% of nominal and matrix interferences are suspected, the laboratory attempts 
to analyze the sample using either an alternate instrumental technique or by the method of 
standard additions (MSA). For most samples, lead recovery was poor and graphite furnace 
analysis using the method of .standard additions was performed. 1 Spike recoveries for most metals at the ESP inlet met the accuracy objective. For the 
< 10pm fraction, cadmium, cobalt, manganese., and vanadium did not meet the objective. Their 
recoveries ranged from 61 to 78%. For the > 10 pm fractions, only mercury was below the 
objective at 73 % . 

Spike. recoveries for all metals at the stack @oth C 10 pm and > 10 pm fractions) met 
the accuracy objective except for arsenic (47%) and nickel (66%) in the < 10 pm fraction. 
Recovery for a pre-digestion laboratory spike of arsenic was good at 91 % . This indicates that 
the low sample spike recovery could be due to interference from high concentrations of other 
metals in the sample. 

The accuracy of metals analysis in fuel oil was estimated from post-digestion sample 
spikes for ICP-AES analysis and from standard reference material NIST 1634b (metals in fuel 
oil) analysis for INAA. The ICP-AES spike recoveries ranged from 83 to 99%. A pre- 
digestion organometallic fuel oil spike was performed for arsenic, cadmium, lead, mercury, 
selenium, and phosphorus. Reaveries we= 14,43,61,22,44, and 7896, respectively. INAA 
results on NIST 1634b ranged from 78-125% for all metals except mercury. Mercury results 
were 0.0014 pg/g or 135% of the uncertified recommended NIST value of ND<O.001 pglg 

The accuracy of metals analysis by ICP-AES in ESP fly ash was calculated from post- 
digestion spike recovery. All metals met the objective of 75-125% recovery except for barium 
(27%) and lead (13%). Accuracy for ESP ash metals analyzed by INAA was based on 
laboratory check standard results. AU of these metals met the recovery objective of 90-1 lo%, 
except for chmmium (112%). Check standard analysis was not performed for cobalt, 
molybdenum, and selenium. 

Blank Effm 

Typically, low levels of metals were found in the laboratory and reagent blanks, and in 
the sampling filters. Blank correction contributions for the ESP inlet metals were low except 
for molybdenum (67%) in the < 10 pm fraction and mercury (81 %) in the > 10 pm fraction. 
Field blanks were higher than 50% of the measurements for total arsenic (76%), mercury (68 %), 
and molybdenum (52%) at the ESP inlet. Blank correction contributions of the stack metals 
were also low except for copper (58%) and molybdenum (100%) in the < 10 pm fraction and 

Preliminary Do Not Cite or Quote 

~~ - 



SECTION 5.0 
E € n l L 1 0 1 0 6 / R 1 ~ . T  

DATA EVAL.UA7lON 61 

ususar 
mercury (81 %) in the > 10 pm fraction. Field blanks were higher than 50% of the u n c o m t e d  
measurements for the following total metals at the stack: arsenic (150%), barium (79%), 
chromium (62%), copper (56%), lead (75%), mercury (258%), andmolybdenum (104%). High 
labomtory blank levels for arsenic (228% of the average total arsenic value) and mercury (54% 
of the average total mercury value) indicate a possibility of laboratory contamination. Field 
blank levels for molybdenum at the stack were similar to sample levels, suggesting field 
contamination. The high field blank levels for the other metals could be due to a combination 
of sample handling and ambient conditions. None of the metal species was detected in the fuel 
oil labomtory blank that consisted only of laboratory reagents. 

ConclusiQIls 

ESP inlet cadmium, cobalt, manganese, mercury, and vanadium and stack arsenic and 
nickel indicated spike recoveries lower than the objective. Field blanks were higher than 50% 
of ESP inlet measurements for total arsenic, mercury, and molybdenum. Field blanks were 
higher than 50% of stack measurements for total arsenic, barium, chromium, copper, lead, 
mercury, and molybdenum. There is a concern that the arsenic emission levels a not 
adequately quantified. There is higher contidence in the arsenic level in fuel oil analyzed by 
INAA. Precision in fuel oil was poor for arsenic, barium, beryllium, copper, manganese, and 
vanadium. 

5.4.2 golvcvclic Aromatic Hvdnxxubons 

PrecisiQn 

Three PAH species were detected in the flue gas stream: naphthalene, phenanthrene, and 
2-methylnaphthalene. Precision was determined by duplicate blank matrix spikes. A DQO of 
50% RPD was set for PAH samples because of the high relative unced t i e s  inherent in the 
analysis of extremely hace species. Naphthalene and phenanthrene met the 50% criterion. 
Duplicate matrix spikes were not performed for 2-methylnaphthalene. 

Accuracv 

The accuracy of the PAH analyses was assessed by the intend recovery of d e u t e d  
standards added to each sample before extraction. Acceptable recovery is SO-lSO%. The 
recoveries of all detected PAH species from the ESP inlet and the stack were acceptable, m g h g  
from 52-95 % . Other species not detected from the stack were also within the objective accuracy 
range. 

Blank Effects 

All PAH species from the stack, except for naphthalene and 2-methylnaphthalene, were 
not detected in the method blank at 0.03-0.27 pg per sample. Naphthalene was detected in the 
method blank at 1.2 pg per sample and 2-methylnaphthalene was detected in the method blank 
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at 0.012 pg per sample which are 74% and 9% of the average sample values, respectively. Of 
the detected PAH species at the ESP inlet, naphthalene had a field blank level which was 58% 
of the average uncorrected sample measurements. At the stack, the field blank level of 
naphthalene was 86% of the average uncorrected sample measurements. 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 for naphthalene, though 
it is difficult to evaluate the extent of the high bias. 

conclusion 

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

. .  5.4.3 W W b a n S  

-04 

Precision for PCDDlPCDF analyses was based on duplicate blank resin spikes. The 
DQO of 50% RPD was met for all PCDD and PCDF homologue classes and RPD values ranged 
from 0 to 12%. 

Accuracv 
~ 

The accuracy of the PCDD/PCDF analyses was based on recoveries for labelled surrogate 
compounds added to each sample before extraction. The DQO for sumgate recoveries was 
50-15046. Recoveries were low for ESP inlet sample for HxCDD (49%), HxCDF (47%), and 
HpCDF (42%). Recoveries were also low for HxCDD (48%), HxCDF (48%), and HpCDF 
(30%) in the stack sample. However, all isomers met the DQO for recovery of the method 
blank spike. 

Blank E f f a  

The method blank contained no detectable PCDD or PCDF. Of the detected isomers at 
the ESP inlet, 123478 HxCDD and OCDD field blank levels were 96% and 58% of the average 
unmmted concentrations, respectively. OCDD in the field blank at the stack was 51 % of 
sample levels. 

PCDDlPCDF analytical quality assurance results for ESP inlet and stack gas samples are 
acceptable except for surrogate spike recoveries ranging from 3049% for HxCDD, HxCDF, 
and HpCDF. The low sumgate recoveries do not significantly bias the sample data since results 
are recovery corrected. 
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5.4.4 Polvchlorinated BD i h n  e ds 

&cision 

Precision for PCB gas samples was determined by duplicate blank matrix spike results. 
Precision for a l l  PCB species met the objective of 50% RPD, ranging from 1 to 32%. 

Accuracv 
Blank matrix spike recoveries for all PCB species ranged from 90 to 1 10 % , meeting the 

recovery objective of 50-150%. 

Blank Effm 

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

PCB analytical quality assumce results for flue gas are considered acceptable. 

5.4.5 Volatile Ormu 'c Commu nds 

Precision 

MiSion for VOC compounds was calculated based on duplicate analyses of two stack 
samples. AU of the detected species except for dichloromethane exceeded the acceptance criteria 
of 20% with a range of 2437% RPD. TIM? high RPDs are typical when the species of interest 
are present at concentrations at a near the reporting limit. 

Accuracv 

Accuracy for flue gas VOC compounds was estimated from an ESP inlet spiked sample. 
AU of the deteaed compounds met the accuracy criteria of 70-130% with the exception of 
toluene (147 %). Recoveries for most non-detected VOC compounds were acceptable and ranged 
from 84 to 139%. Recovery for vinyl chloride is a concern because it was low at 18%. 

Blank Effects 

No VOC species were detected in a Tedlar bag blank except for dichloromethane, 
1,l ,l-trichlomethane, 0-xylene, and toluene. Dichloromethane and toluene levels in the Tedlar 
bag blank exceeded QC requirements and were twice the average concentration levels. Blank 
levels were not subtmcted to obtain f d  sample results. An ambient air sample was also 
analyzed and the following species were detected at the same or higher levels than the stack 
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samples: trichlorofluoromethane, dichloromethane, 1 ,l ,I-trichloxuethane, ethylbenzene, 
o-xylene, benzene, and toluene. 

Conclusion 

Precision for VOC analysis was poor due to the low concentration of most species. Spike 
recovery of toluene exceeded the criteria at 147%. Spike recovery of vinyl chloride was low 
at 18%. Tedlar bag blank levels for dichloromethane and toluene were high, at 181 96 and 132 96 
of the stack sample values, respectively. Ambient levels of the detected species were at similar 
or higher levels than sample values. The emission results for dichloromethane, toluene, vinyl 
chloride and 1 , 1 , 1 -trichloroethane appear to be suspect. 

5.4.6 Formal dehvde 

Precision 

Duplicate analysis determined the precision for ESP inlet formaldehyde results at 9% 
RPD, and for stack formaldehyde results at 11% RPD. The precision objective for 
formaldehyde was 10% RPD. 

Accuracv 

Accuracy was estimatedfrom sample matrix spikes. Spike recovery was 102% for the 
ESP inlet and 91 % for the stack. Field and trip spikes were also mllected. A field Gike is a 
vial of DNPH solution spiked with formaldehyde that is m~ected to the sampling equipment, 
leak checked and recovered. Field spike recovery was 116% at the ESP i n k  and 108% at the 
stack. Recovery from a trip spike (spiked DNPH that is never opened) was 138%. All spike 
recoveries met the method specification of 60-14096 recovery. 

Blank Eff- 

Field blanks were approximately three times higher than the average sample concentration 
at the ESP inlet and four times the average sample concentration at the stack. The samples had 
low formaldehyde levels ranging from one to two times the expected reagent blank level. 
Sample values have not been corrected for blank values of DNPH solution or for field blank 
levels. 

Conclusion 

Field blank concentrations were approximately three times higher than measured sample 
concentrations at the ESP inlet and four times that at the stack. The impact on actual emissions 
results is unclear, but there is a concern that a l l  samples may be subject to random positive 
biases. 
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5.4.7 F%tl 'culate 

Precision 

Measured precision for ESP inlet particulate samples was 9% CV and for stack 
particulate samples was 31 % CV yielding an average precision of 20% CV. The precision 
objective for particulate is 20% CV. 

Accuracy 

EPA Method 5 procedures for gravimetric analysis were used. 
generally have laboratory accuracy of 95-105% and overall accuracy of 85-11596. 

lmkmsas 

These procedures 

Particulate sample results were corrected for the acetone blank level. The acetone blank 
met EPA acceptance criteria of a maximum of 0.008 mg/d  at 0.007 mg/ml. 

Conclusb 

Quality assurance for the particulate tests met standard criteria for acceptability. 

5.4.8 Anions 

-ision 

Duplicate analysis of an ESP inlet sample for sulfate resulted in a 15% RPD, meeting 
the p i t i e d  RPD objective. Chloride, fluoride, and phosphate were not detected in the ESP 
inlet sample duplicate. Duplicate analysis of a stack sample resulted in 0.4% RPD for both 
chloride and sulfate, well within the objective. Fluoride and phosphate at the stack were not 
detected in the stack duplicate. 

Precision in oil samples for chlorine and sulfur were 4% and 11% CV, respectively, 
meeting the 20% CV objective. 

Precision of anions in the ESP fly ash was determined by duplicate analysis. Precision 
could not be calculated for chloride and fluoride because the concentrations were below the 
detection limits. Sulfate met the 15 % RPD objective. 

Accuracy 

Spike recovery for ESP inlet sulfate did not meet the objective of 80-12056. Spike 
recovery for ESP inlet sulfate samples was high at 132 % . Spike recoveries for all anions in the 
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stack samples were acceptable. Accuracy estimates for anions in fuel oil were not reported; 
however, laboratory check samples are routinely verified during these analyses. 

Blank EffeC tS 

Anion results except for sulfate were not corrected for reagent blank levels. Low reageni 
blank levels were subtmcted from the sulfate values. Blank levels of chloride and fluoride were 
below the reporting limits. 

Csnclusion 

In general, anion results considered acceptable. Phosphate analyses in stack, and ash 
samples were not used for mass balance purposes because the multi-metals phosphorus results 
were more sensitive. 

5.4.9 Radionuclides 

Er&i.Qn 

Precision for radionuclides in the stack samples was based on replicate analyses of 
laboratory control stanclanis (ICs). The LCS that was analyzed with the stack samples was 
compared to the mean of the previous thirty runs of the same control sample to calculate 
precision. AU of the detected species at the stack met the of 20% RPD. Precision 
analysis for polonium-210, thorium-228, or thorium-232 was not performed on the stack 
samples. Precision for fuel and fly ash samples was based on replicate runs of a different LCS 
and on duplicate analysis of the fly ash itself. AU species in the fly ash met the DQO of 25% 
RPD except for radium-226 (42% RPD) and uranium-235 which was not analyzed in duplicate. 
All the detected species in the fuel met the DQO of 20% RPD. 

Accuracv 

Accuracy for uranium, radium, polonium, and thorium in stack gas was determined from 
internal spike recoveries. Alternate isotope stanclanis were added to each sample prior to 
preparation and analysis. Uranium (2840%) and polonium (19-22%) recoveries are consistent 
with oil and ash samples, however thorium recoveries are low (4-11 %). Analytical accuracy 
for radionuclides analysis was also based on laboratoxy control sample recoveries. All 
recoveries for stack samples met the DQO of 80-12096. Internal recoveries for stack samples 
were acceptable for radium. 

Accuracy for uranium, radium, polonium, and thorium in oil was determined from 
internal spike recoveries. Recoveries for uranium (51-54%), radium (92-94%), and thorium (49- 
68%) met the acceptance criteria. Polonium moveries were low (2428%) but consistent with 
stack gas and ash samples. AU recoveries for oil samples based on laboratory control sample 
recoveries met the DQO. 
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Internal spike recoveries for uranium, polonium, and thorium in ash were low at 31,24, 

and 47%, respectively. All recoveries for ash samples based on laboratory control sample 
recoveries met the DQO. 

I&mu&ts 

Of the detected radionuclides at the stack, radium-228 and thorium-228 reagent blank 
levels were 73% and 66% of the sample levels, respectively. Uranium-238 reagent blank was 
at the same level as the stack sample. This reagent blank consisted of the filter and reagents 
used in sample recovery. For fuel oil, laboratory blank level of radium-228 represent 30% of 
sample levels. Labomtory blank levels for uranium-233, -234, uranium-238, thorium-228 and 
thorium-232 were higher than the fuel samples. Laboratory blank levels for the detected 
radionuclides in the fly ash ranged from less than 1 to 7 % . Sample results were not blank 
Corrected. 

For lead-210, the laboratory reported problems with sample analysis, and there was 
insufficient sample to rerun analysis. Thus, lead-210 results were not reported. All labwatory 
control sample reooveries for stack, oil, and ESP ash samples met the DQO. However, internal 
recoveries were low for uranium, polonium, and thorium for stack and ash samples. Internal 
recoveries were low for polonium in oil. Blank levels for uranium-238, thorium-228, and 
radium-228 were similar to stack sample levels. Blank levels for uranium-223 and -234, 
uranium-238, thorium-228, and thorium-232 were higher than sample levels in fuel oil. Overall, 
the fuel oil and stack samples were on the same order of magnitude as the w e n t  blanks, the 
labomtory blanks and the laboratory background. This suggested that sample levels were low 
and close to the quantifiable limits of the analytical procedure used. 

. .  5.4.10 Nickel SwmQon E valuation 

precision 

precision for nickel speciation was based on duplicate analysis of an ESP inlet sample. 
Soluble and oxidic nickel met the precision objective of 20% RPD. RPD for sulfidic nicke.1 was 
higher than the objective at 21 %. Metallic nickel was not detected in the sample. 

Accuracv 
Accuracy for nickel speciation analysis was based on recovery from a spiked sample. 

Recovery for soluble nickel was 9096, meeting the DQO of 70-13096 recovery. Spiking with 
other nickel compounds was not possible because these spiking matirials axe difficult to add at 
the appropriate level in the solid fom. 
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Blank J3f ects 

Reagent blanks were not collected for the ESP inlet and stack nickel speciation tests. 
Field blanks were collected and analyzed for total nickel, and the results were acceptably low 
at 16% of the average stack sample value. Nickel was not detected in the ESP inlet field blank. 

&nclusion 

Quality assurance results indicate that nickel speciation data are acceptable. However, 
total nickel concentdons from these speciation tests are considered to be repmntative of the 
ratio of each species to the total but are not considered representative of emissions as discussed 
in Section 4 primarily because of the single point sampling used. 

5.4.11 

The chromium speciation tests were run at the stack only. Two laboratories performed 
the analyses for hexavalent chromium. One of these laboxat0rie.s performed all analyses for total 
chromium. Hexavalent chromium results presented in this repott are an average of the results 
from both laboratories. 

precision 

Precision for total chromium was based on duplicate analyses by Laboratory #1 of NaOH 
and nitridfdter laboratory control samples; the average RPD was 3 46, meetiag the precision 
objective of 10% RPD. Precision for hexavalent chromium was determined by laboratory #1 
by d~qlicate analyses of four samples (NaOH fractions); the average RPD was 1096, meeting 
the precision objective of 15 % RPD. 

Accuracv 
Accuracy for total chromium was calculated from sample spike recoveries for the NaOH 

fraction and laboratory spike recoveries for the nitric/fdter W o n .  Average recovery for the 
NaOH fraction was 74%, slightly lower than the objective of 75125%. Recovery for the 
nitridfilter fraction was 88% which meets the objective. Laboratory #1 obtained 10% recovery 
for hexavalent chromium in a laboratory spike. Laboratory #2 obtained an average of 102% 
recovery of hexavalent chromium from four control samples. Both laboratories met the DQO 
of 80- 120 % . 
Blank J3fects 

Total chromium was not detected in either the NaOH or nitridfilter reagent blank 
fxactions; hexavalent chromium was not &tected in the NaOH reagent blank fraction. 
Hexavalent chromium results are averages of the values obtained from the two laboratories. 
Method blanks were also analyzed by both laboratories. Field blanks were not collected. 
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Conclusion 

Quality assurance results for total and hexavalent chmium analysis were acceptable. 

5.4.12 p m  i ’  

psecision 

Precision for ultimate analysis of fuel oil was based on RPDs for duplicate laboratory 
check standards. Only nitrogen (13%) exceeded the objective of 10% RPD. 

Aocuracv 

Accuracy for fuel oil ultimate analysis was based on recoveries for laboratoq check 
standards. The only accuracy information available i s  for the higher heating value which met 
the DQO at 100%. Accuracy estimates for other m e t e r s  were not reported. However, 
laboratory check standads are routinely used to verify these analyses. 

B l a n k s  

Blank analysis was not required for fuel oil ultimate analysis. 

Conclusioq 

Quality assurance mults for fuel oil composition are acceptable. Nitrogen had a slightly 
higher RPD which is a reflection of the low concefltcatiolls in the samples and does not indicate 
a problem with the sample results. 

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 CEh4 
calibration. Also on file are calibrations for temperature indicators and pitot assemblies. Gas 
meten are calibrated before and after sampling and can differ no more than 3% from the 
original meter calibration. The sampling data were evaluated and comments were made on the 
sampling data sheets about the sampling locations, techniques used, and specific tests comments. 
In general, a methodical and conservative 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 input and F-factor were made. Average 
measured flow rates were 10% 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 contamination 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 particulatelanions and chromium speciation. Reagent blanks 
were collected for all tests except semivolatile organics and nickel speciation. 

5.6 MATERIALBALANCERESULTS 

At Site 118, three key streams were used to define the material balance: fuel oil, ESP 
fly ash, and stack exhaust gas. Table 5-5 lists all of the possible streams for d i d  removal from 
the boiler, along with infomation on whether or not they were sampled. 

TABLE 5-5 
EXIT STREAMS FROM SITE 118 

-Stream ~ ~ Operational Time Fmme Samulin~ Time Frame 

Stack exhust gas Continuous Three to four hours 
ESP fly ash Dumped from storage silo 

when full. 
Collected periodically and 
cornposited into one sample. 

Off-line boiler cleaning Every scheduled unit Not sampled 

Furnace bottom ash As specified by facility. Not sampled 

outage. 

Stream flow rates and concentrations, and the bias and precision enuxs 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 6.0. 

Closure is defined as the mi0 of outlet to inlet mass. A 100% closure indicates perfect 
agreement of the measured inlet and outlet mass flow rates. Closures of 70-130% have been 
set as a goal for the FCEM project. This range reflects the typical level of analytical 
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uncertainty. Closures outside this range may indicate measurement problems in one or more of 
the sample matrices or a systematic bias imposed by the experimental design. 

Exhaust gas flow rates and fuel oil flow rates were consistent with unit load and have a 
high confidence level. The highest degree of uncertainty was associated with measuring solid 
ash removal rate. There were several axeas where additional ash could collect but could not be 
sampled such as the economizer hoppers, the furnace bottom, and the builer tube and air 
preheater surfaces. In addition, the mechanisms by which particulate species are collected and 
removed from the b i e r  may involve equilibrium time frames on the order of weeks. Emission 
tests and ESP fly ash samples that are collected in time frames of hours (such as those in this 
program) may not be sufficient to characterize the mass balance completely. 

Table 5-6 presents the material balance results for elements measured in fuel, ash and 
exhaust gas samples and the uncertainty interval calculated from the error propagation analysis. 
The table shows that the elements fell into four p u p s :  two volatile elements within the target 
range (sulfur and chlorine), one volatile element outside the target range (mercury), eight 
paxticulate phase elements within the target range (chromium, cobalt, copper, lead, molybdenum, 
nickel, selenium, and vanadium), and five particulate phase elements outside the target range 
(arsenic, barium, beryllium, manganese, and phosphorus). Closures on fluorine and cadmium 
were not calculated because they were not detected in either the fuel or the stack gas. Results 
from the multi-metals testing were used instead of the speciation testing to calculate closures for 
chromium and nickel. Specific discussions on individual species outside the target range are 
presented below. 

Volatile Elements Outs ide Tar~et Ranee 

The mass balance for mercury was 2Nf62 96. There is a concern that a high bias exists 
in the stack measurements of mercury. There are also concerns that the stack mercury results 
from the multi-metals txain are near the reporting limit and thus m known with less cextainty 
and do not completely characterize mercury emissions from this source. The mercury value 
considered to have the lowest unceminty from this test pro- is the fuel mercury value of 
INAA. This is due to the minimal number of sample handling and preparatioo steps required 
for analysis. 

The mass balance for arsenic was Nk1856. This low percentage reflects the low 
absolute levels of arsenic in the input and output streams. Low sample levels also cause the 
precision and uncertainty to be high. The mass balance for barium was 15 1 *41%. This can 
be. attributed to a possible high bias in the stack results. The field blank levels for barium were 
44% of the stack sample. Manganese has a high mass balance of 344k7696. The average 
manganese level at the ESP inlet was 33.2 pg/Nm3 while that at the stack was 26.7pg/Nm3. 
However, 75 % of the outlet manganese level was in the > 10 pm fraction. This is unusual and 
the cause is not clear because the stack samples were not likely to be contaminated in the field. 
The 30% phosphorus mass balance is due to the high detection limit for the stack value. 
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TABLE 5-6 
MATERIALBALANCES 

SITE 118 

Arsenic 
Barium 

cadmiumm 
Chlhlorine 
chmmium 
cobalt 

copper 
Fllwrineo' 
Lad 
Manganese 

M- 
Molybdenum 
Nickel 
Phosphorus 
selenium 
Sulfur 
Vanadium 

Beryllium"' 

40 
151 
60 
NC 
125 

113 
101 

102 
NC 
123 
344 

240 
76 

96 
30 
73 

89 
101 

18 

41 

15 

NC 
9 
23 
31 
28 

NC 
37 

76 

62 
m 
30 
13 

15 
9 

32 

Notes: 
NC - not calculatd 
(I) Beryllium not daccted at the stack. Closure is cnlculatcd using the repOrtine limit. 

n, Fluorine not detected in fuel oil, ESP fly ash, and at the stack. 
cadmium not dctsted in fuel oil or at the stack. 
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SECTION 6.0 

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

6.1 STRGAMFLOWRATES 

Appendix D presents infoxmation about the stream flow rates measured or calculated at 
Site 11 8 during the sampling period. 

Stack gas flow rates were calculated from the fuel flow, higher heating value, and F- 
factor as described in Section 4.2. Although flue gas flow rates were measured directly during 
sampling the calculated flow rate is considered to be more accurate for this sampling location. 

Fuel oil flow rates were determined using a calibrated totalizer. Calibration of the 
totalizers was pexformed using tank drop measurements of the Site 118 day tank. 

ESP ash flow for the duration of the testing program (Jan. 19-Jan. 25) was determined 
from average oil flow rate, total oil used, total ash collected over the testing period, and ash 
specific gravity. The ESP ash silo was emptied prior to the start of the project and was not 
emptied again until after the completion of the metals and particulate tests. Fuel oil totalizer 
readings were recoded periodically in order to develop an average ESP ash flow per unit input 
of fuel. The calculation of the ESP ash flow is presented below. 

Average oil flow raSe 408,000 lblhr 
(Average from 1120-1122) 
Total oil used 21,025,000 lb 
(Between 1/19-1122) 
Volume ash collected 1,618 ff 
(12.25 ft from top of silo) 

(Average of three determinations) 
Ash specific gravity 0.20 

\ 

Total ash, lb = 
= 20,193 lb ash 

1,618 ft3 x 0.20 x 62.4 lblff 
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lb ash/lb oil = 20,193 lb a~h/21,025,000 lb oil 
= 0.00096 Ib =h/lb oil 

Ash flow rate, Ib ash/hr = 0.00096 lb ash/lb oil x 408,000 lb oWhr 
= 391.8 lb ash/hr. 

6.2 MEANS AND CONFIDENCE INTERVALS FOR STREAM CONCENTRATIONS 

The mean concenttations and 95% confidence intervals (CIS) about the mean were 
calculated for each target substance in the streams sampled. The means were calculated 
according to the conventions listed in Section 3.0. The equations used to calculate the 95% 
confdence intervals rue presented in Appendix F. The error p e o n  equations used to 
calculate uncertaintie-s for mass balance results axe also presented in this section. 

Example calculations for naphthalene in the stack gas follow here; these results were 
shown in Table 3-2. 

The stack concentration data (in pg/Nrn3) given for naphthalene in Table 3-3 are: 

Runl mL2 Run3 

0.41 ~~ 0.44 0.53 

The mean is calculated from the individual mn totals: 

Mean = (0.41 + 0.44 + 0.53)/3 
= 0.46 

The sample standard deviation of the individual run totals is cal llated: 

Sp = d[(0.41-0.46)2 + (0.444.46)' + (0.53-0.46)21 /2 

= 0.062 

The standard deviation of the average is calculated according to the equation in 
Appendix F for N = 3: 
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= 0.036 

The bias error is found by root-sum-squaring the product of the bias error and the 
sensitivity from each run (see Appendix F). According to the conventions listed in Section 3.0, 
no bias error is assigned to values above leporting 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 
mn in this case is 1/3. An additional uncertainty of 10% of the sample value or 0.046 is 
introduced because of the difference in particle collection from ideal conditions during isokinetic 
tests. 

B, = J(ClP x OY + (1/3 x 0)' + (113 x 0Y)Z + (0.046)' 

= &oy + (0.046)* 

= 0.046 

The total uncertainty the result is found from: 

= J(0.046)' + (4.303 x 0.036)2 

= 0.16 

Thus, the result is reported as 0.46 f 0.16 pg/Nm3. 

For ESP removal efficiencies the uncertainly as % efficiency is calculated from the 
following standad error pmpagation equations: 

ESP inlei value = A i 6.4 where bA = S p I o  

Stockvalue = B i 6B 
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Using the example of ESP efficiency for vanadium, the following calculations were performed: 

&€!a se A?& 
ESP inlet, Ib/lO1* Btu 737 54 31 

Stack, 4bllO" Btu 42 13 7 

ESP i&t - stack = 695 f d-02' 695 * 0.32 

= 0.94 f 0.06 

or the ESP was 94 f 6% efficient for the removal of vanadium. 

For mass balance results, the u n c e d t y  as 46 closure is calculated using standard error 
pmpagation equations: 

closure. = D (outhi) = (B+C)IA, 
A = oil input, 
B = stack samples, 
C = ESP fly ash, 

where 6A, 6A, 6C are the uncertainties in these measurements, and a l l  values are 
in lb/lO1* Btu. 
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The uncertainty in the outputs (B+C) is calculated as: 

6(B + C) = J(6BY + (6C)', 

and the uncertainty in the outpuvinput is calculated as: 

The uncertainly in each stream is calculated as: 

Uncertainty in A (fuel oil) = * where Sp = sample standard deviation. 
fi' 

Uncertainty in B (stack samples) = - SP 
fl 

Uncertainty in C @SP fly ash) = 30%. This uncextainty is based on the variability in 

As an example, using the cobalt values expressed as lb/1012 Btu, the mass balance 

ash flow and oil usage. 

uncertainty'is calculated as: 

6 D  = 101% x J(-r 11.37 + [ 6.86/fi 1 = 31$ 
39.79 39.3 

6.3 UNIT ENERGY EMISSION FACTORS 

In addition to the gas-phase conantxations, unit-energy-based emission factors expressed 
as lbll0'' Btu have been developed for each target substance. These values were determined by 
calculating the concentration of a substance in the flue gas (lblf?) and multiplying by the fuel 
F-factor and O2 correction, according to EPA Method 19. 
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The equation used for trace species emissions is: 

Lb/10'2 Btu = wg/m3 x m3/35.31 8' x lb/454g x F-factor @ 0% 0,. &flMMBm 

x 20.9/(20.9 - 96 0,) x lo6 pg/g x lod 

The 95% coflidence intervals for emission factors were calculated according to the 
equations presented in Appendix F. For each parameter (concentration, unit heat rate, and unit 
load) the mean, standard deviation, number of points, and bias estimates were used to calculate 
the combined uncertainty in the mean emission factors. 
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ASTM 
BtU 
CAAA 
CI 
cv 
DL 
DQO 
dscfm 
EPA 
EPARECIICP 
EPARECIIC-PCR 

ESP 
FCEM 
FD 
GClMS 
GFAAS 
GRAV 
HHV 
HPLC 
HRGC/HRMS 
HRGCLRMS-SIM 

IC 
ICP-AES 
ID 
LECO-CHN 
LECO-SC132 
LCS 
MMBm 
M w  
NC 
ND 
NIST 
Nm3 
NM 

SECTION 7.0 

American Society for Testing and Materials 
British Thermal Unit 
Clean Air Act Amendments of 1990 
Confidence Interval 
Coefficient of Variation 
Detection Limit 
Data Quality Objective 
Dry Standard Cubic Feet per Minute (latm, 68°F) 
U.S. Environmental Protection Agency 
EPA Reciiulation train for total Chromium with ICP-AES Analysis 
EPA Recirculation Train for Hexavalent Chromium with Analysis 
by Ion Chromatography with Post Column Reaction 
33ectrostatic Precipitator 
Field Chemical Emissions Monitoring 
Forced Dmft 
Gas Chromatography with Mass Spectrometer 
Graphite Fumace Atomic Absorption Spectrophotometry 
Gravimetric Analysis 
Higher Heating Value 
High Pressure Liquid Chromatography 
High Resolution Gas ChromatographyfJ3ighResolutionMass Spectrometry 
High Resolution Gas Chromatography/Low Resolution Mass Spectrometry 
with Selected Ion Monitoring 
Ion Chromatography 
Inductively Coupled Plasma Atomic Emission Spectroscopy 
Induced Draft 
Leco Carbon, Hydrogen, Nitrogen Analyzer 
Leco Sulfur Analyzer 
Laboratory Check Standards 
W o n  British Thermal Units 
Megawatt 
Not Calculated 
Not Detected 
National Institute of Standards and Technology 
Dry Normal Cubic Meter (OOC, latm) 
Not Measurable 
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d u r  
NP 
NR 
PAH 
PCDD 
PCDF 
PCB 
mSCES 
QNQC 
RPD 
RF’DM 
S U M  
UOM 
voc 

Preliminary 

Not Performed 
Not Reported 
Polycyclic Aromatic Hydrocarbons 
Polychlorinated dibenzo-pdioxins 
Polychlorinated dibenzo-furans 
polychlorinated biphenyls 
Power Plant Integrated Systems Chemical Emission Study 
Quality AssuranCelQuality Control 
Relative Percent Difference 
Relative Percent Difference from the Mean 
Sequential LeachinglAtomic Absorption Spectroscopy 
Unit of Measure 
Volatile Organic Compounds 
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APPENDIX A 

SAMPLWG 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 118. Summary tables presented include the following: 

A- 1 

A-2 

A-3 

A 4  

A-5 

A d  

Reference Table for Sampling Methods 

ESP Inlet and Stack Test Schedule and Sampling Comments 

Sampling Train Configurations for ESP Inlet and Stack Samples 

Sampling and Analytical Methods for ESP Inlet and Stack Samples 

Sampling Schedule for Fuel Oil and ESP Hopper Ash Samples 

Analytical Methods for Fuel Oil Samples 

A - I  

A-8 

Analytical Methods for ESP Hopper 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 FOR SAMPLJNG METHODS 

SITE 118 

strcam Target Substances Collection Method 

ESP Met and Stack Metals: As, Ba, &, Cd, Co, Cr, CU, EPA Multi-metal~/ 
Hg. Mn, Mo, Ni, P, Pb. Sc. V EPA 201A 

Polycyclic Aromatic Hydrocarbons' CARB 429 

Polychlorinated Dibum-dioxins  and EPA 23 
PolychloriDated Dibnuofurans' 

Polychlorinwd Biphenyls' CARE 42s 

Volatile Organic Compounds 

Wrtid&-. SO?, CI-. F- 

Radionuclides (outlet only) EPA 114 

F o d d e h y d e  CARE 430 

Total Chromium and Hwravalat 
Chromium 

CARE 410A (bags) 

EPA 5, 618. CARB 421 

EPA Recirculation Method 

Nickel Speciation: 
Soluble Nickel 
Sulfidic Nickel 
Metallic Nickel 
Oxidic Nickel 

modified EPA Method 5 

ESP Homer A sh Metals, anions, dionuclides, Composited Grab Samples 
semi-volatiles 
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TABLE A-5 
SAMPLING S O U L J 3  FOR FUEL OIL AND 
ESP HOPPER ASH' SAMPLES SITJ3 118 

Run No. Date TIUE Analvsis 

5 

6.7 

8 1/27/93 

10 1/28193 

1 AM 
MID 
PM 

3 m AM 

MID 
PM 
AM 
MID 
PM 
AM 
MID 
PM 
AM 
MID 
PM 
AM 
MID 
PM 

12, 13 1/29/93 AM 
MID 
PM 

14, 15 1/30/93 AM 

MID 
PM 

Metals. C1. F, S 

Composition, H H V ,  and 

Radionuclides 

Metals, C1, F. S 

Radionuclides 

Metals, C1, F, S 

Composition, HHV, and 

Radionuclides 

Composition. HHV 

Not used, archived 

Chromium and Nickel 

Composition, HHV 

Chromium and Nickel 

Quumium and Nickel 

Notes: 
"he fuel oil samples w m  composited daily then analyzed. 
* ESP hopper ash samples wen collected daily from 1/21/93-1/27/93. These samples wen composited, then 
the composite sample was analyzed in triplicate for the target components. 

Preliminary Do Not Cite or Quote 



A-1 1 

TABLE A-6 
ANALYTICAL METBODS M)R FUEL OIL SAMPLES 

SITE 118 

LECO cmibm 
LECO C"1600 
LECO C"1bm 

ASIMD.95-83 
Asrprl D-48247 
ASIM D2uM7 
AsTu D-la742 

- 

- 
ASlM D-3761 
AsIMMZ94 

- 
EPA s w m  mi0 
EPA s w m  mi0 
EPA SM mi0 

EPA SM mi0 
EPA s w m  mi0 

- 

EPA 9% 7420 
EPA SW846 6010 - - 
EPA SM mi0 
EPA s w m  mi0 

EPA sw846 mi0 
- 

EPA 114 

AL.0byASlMD-808 

AL.0 by EPA S% ')060 

ALO by EPA sw846 mi0 
m by EPA SWM mi0 
AL.0 by M M  

AL.0 by EPA SW846 6010 
ALO by EPA sua46 mi0 

AL.0 by EPA sw46 7740 
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TABLE A-7 
ANALYTICAL METHODS FOR ESP HOPPER ASH SAMPLES 

SITE 118 

m u  
IC 
IC 
IC 

m u  
m u  

m u  
m u  
mu 

m u  
m u  

m u  

ICP-AES 
ICP-ABS 

ICP-AES 

ICP-AES 

ICP-AES 
ICPAES 

ICP-AES 

AJpb.sl=-=-Y 

- 
EPA 300.0 
EPA 300.0 
EPA 300.0 

- - 
EPA SWW6 6010 
EPA SWW6 6010 - - 
EPA SWW6 6010 

EPA S W W 6  6010 
EPA s w  7420 

EPA SW846 6010 
EPA SwM6 6010 

EPA SwM6 6010 

EPA I14 

- 

Alm by EPA SW846 '1060 
Also by EPA SWW6 6010 

Also by EPA SWW6 6010 
Also by EPA S W  6010 

Also by EPA SWW6 7411 
Also by EPA S W  6010 

Also by EPA S W  6010 
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A-16 

Fuel Oil Collection procedures 

Fuel oil samples were collected at the beginning, middle and end of each test 
day. A total of 1500 ml in three separate containers was obtained for each test day. 
Aliquots from each sample were combined to form a 500 ml composite sample for 
each type of analysis performed. Fuel oil usage rates were determined using a 
calibrated totalizer. Fuel oil was sampled at the suction to the fuel oil supply pumps. 

ESP Hopper 
Ash 

After each test day. the ESP Silo was sampled at the top and the ash level 
was noted. Daily samples collected from 1/21 - 1/27/93 were combined to form one 
composite representative of the program. Splits from this composite were then 
analyzed in triplicate for target species. Ash deposited in the economizer, bottom ash 
for the furnace, and ash deposited on boiler surfaces could not be quantified for this 
project. 

Sample Train Procedures 

Semi-Volatile 
Species 

Triplicate samples for PAHs and PCB and PCDDPCDF were collected 
according to CARE Method 429 - September 12,1989 version, CARE Method 428 
and EPA Metbod 23. Samples were collected isokinetically through a heated filter 
followed by an XAD-2 sorbent module in a watercooled condenser. The sorbent 
module was followed by an impinger train to collect moisture and any species that 
might pass through the resin. 

Prior to release to the field, each XAD-2 resin trap was spiked with labeled 
standards to assess field losses or gains. The standards used were benzo(e)pyrene- 
dI2. terphenyl d,,, "C,,-2378-TCDD, "C,2-23478-PeCDF, "C,2- 123478-HxDCF, 
13C12-123478-H~CDD and "C12-1234789-HpCDF 2,21,3,4',5,5',6- 
Heptachlorobiphenyl, "C,,. In addition, sixteen labeled PAH standards and nine 
labeled PCDDPCDF standards, 4 labeled PCEJ standards were added to each sample 
prior to the extraction step to provide recovery corrected results. Labeled standards 
were not available for 2-Me-thylnapthalene, 3-Methylcholanthrene, or 7.12- 
Dimetbylbenzo(a)ante;  the metbod of internal standardization was used for 
these species. 

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 metbanol, acetone, toluene and methylene chloride. The solvent 
rinses were combined with the Nter and sorbent module for extraction and tinal 
analysis for each train. Following extraction, the extract was split and analyzed for 
PAH and PCB by HRGULRMS-SIM and for PCDDPCDF by HRGUHRMS. A 
confirmation analysis was performed on samples containing detectable levels of 
2.3,7,8 TCDF. 
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CARtgOT 

Tedlar bag samples were drawn simultaneously at a single point at the ESP 
inlet and stack. The samples were collected according to CARB Method 410A. 1.3 
Butadiene was analyzed by GCFID; the remaining VOC compounds were analyzed 
by GUMS. Duplicate analyses were performed on two samples. Two samples were 
then spiked with the target compounds then reanalyzed to assess recovery. 

Volatile 
Organic 
Compounds 

Combined 
Metals/ PM,, 
Metals 

Total Solid 
Particulate/ 
Anions/ 
Radionuclides 

The stack samples were withdrawn isokinetically from the source according 
to EPA Method 201A with particulate emissions grater than 10 pm collected in a 
cyclone and particulate emissions less than 10 p n  on a heated filter and series of 
impingers according to the EPA multimetals method. The series of impingers were 
5% HN0,/10% H,O, in the first two, empty for the thud and 4% KMN04/10% 
H$04 in the fourth. Decomposition of each sample fraction was per the EPA 
multimetals method. Whenever possible, decomposed sample portions were 
concentrated and combined with regard to preventing loss of volatile metals, to 
achieve the lowest detection limits possible for these samples. Materials collected in 
the sampling train were digested with acid solutions to solubilize inorganic target 
species and to remove organic constituents that may create analytical interferences. 
Acid digestion of both the greater than 10 pm and less than 10 p n  fractions was 
performed using conventional Parr Bomb digestion techniques. 

Reagent and filter blanks were analyzed for all trace metals. A spiked 
reagent blank for all metals was -myzed to assess analytical recovery methods and 
to ensure that the decomposition procedure was accurate. Following the analysis of 
the samples and field blanks, a mandatory check for matrix effects and interferences 
was performed for each metal by spiking one sample. 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 stack location. Analyses for the 
trace metals was performed by ICP-AES, GFAAS, or CVAAS depending upon the 
metal of interest. 

Particulate/Anion/radionuclide samples were collected isokinetically at the 
ESP inlet and stack. The solid particulate was collected and analyzed according to 
EPA Method 5 ,  then solubilized in water and analyzed for CI'. F ,  PO4* and SO,". 
The first two impingers contained a solution of sodium carbonadsodium bicarbonate 
to collect C l  and F'. The third and fourth impingers contained 3% H,O, to collect 
SO2. Each sample fraction was also analyzed for PO4*. The analysis was by ion 
chromatography per EPA Method 300.0. 

The solid particulate portions of the samples were also analyzed for 
radionuclides. One half of the Method 5 filter plus one half of the probe rinse was 
analyzed by EPA Method 114 using alpha spectrometry. Samples were spiked with 
Uranium-232, and Thorium-229 prior to acid digestion, fusion or precipitation and 
analysis. 
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O2 and CO, were measured at the outlet of the economizer using a 30 point 
sampling grid using Carnot's Continuous Emission Monitoring System. This system 
was used in conjunction with all tesu to provide Oz and COz 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 and stack were calculated given percent 4 and CO, at the economizer 
outlet and percent 0, at the ESP inlet and stack. 

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

Nickel speciation samples were collected isokinetically at a single point at 
both the ESP inlet and stack using a modified EPA Method 5 train. The nozzle, 
probe and filter were heated to 550" F to prevent the formation of NiSO, in the train. 
A high purity quam filter was used. A set of impinge-rs containing D.I. w m  were 
used for moisture determination and were not recovered. Field blank trains were 
collected for each sampling location. 

The nozzle, probe and filter holder were recovered with acetone and the 
acetone rinse was filtered through a high purity quartz filter. The sample and 
filtration filters w e n  stored under nitrogen until analysis. Inco performed a 
sequential leaching procedure to separate soluble, sulfidic, metallic and oxidic nickel 
compounds. Total nickel in each fraction was determined by flame atomic absorption 
specnophotometry. 

Total and hexavalent chromium samples were collected isokinetically at a 
single point at the stack using the EPA recirculating train. To eliminate the 
possibility of C P  reduction between the nozzle and impingers, liquid from the first 
impinger was continuously recirculated to the probe trip. There were seven 
impingers in this train. The fust four were teflon, the last three were glass. 

Impinger 1,2 and 3: 0.1 N NaOH 
Impinger 4: Empty (teflon) 
Impinger 5:  Empty (glass) 
Impinger 6 0.1 N HNO, 
Impinger 7: Silica Gel 

5N NaOH was added to the first impinger as necessary to keep the solution 
pH above 8.5. The sample train was purged with nitrogen and the NaOH impinger 
contents were fitered immediately after sampling. The NaOH impinger solution was 
analyzed for Cf" by ion chromatography with a postcolumn reactor (ICIPCR). 
Total chromium was measured in the NaOH fraction by GFAAS and in the filter 
fraction and nitric acid rinse of the train by ICP-AES. 
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FCBM SITE 118 INDIVIDUAL STREAM CONCENTRATIONS 
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This appendix presents the Site 118 sampling results that were used to calculate the 
emissions and mass balances presented in this report. Provided here are results for the followhg 
streams: stack exhaust gases, fuel oil, and economizer hopper ash. 

Following are the data flags used in this table: 

@ 
E Estimated analyte result 
NA Notanalyzed 
ND< Not detected at less than the reporting limit 
B 
F 

Concentration is less than five times the reporting limit 

Blank correction exceeded 50% of unco- result 
Field blank ex& 50% of uncorrected result 
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APPENDIX c 
DATA NOT USED IN CALCULATIONS 
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This appendix contains data that was not used in emissions or mass balance calculations 
for the Site 118. 
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APPENDIX D 

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

Table D1: 

Table D2: 

Mean process stream flows at Site 118 

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

Sample train test summaries including sample volumes and isokhetic 
ratios 

Table D 3 :  

' Table D-4: Summary of ESP fly ash collection 

Table D5: Calculations 
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TABLE D-1 
MEAN PROCESS STREAM FLOWS AT SlTE 118 

Stream Mean Flow Rate Standard Deviation source 

Oil ( l b h )  402,000 11,Ooo Measured.. 
ESP Fly Ash (lb/hr, dry) 392 NC calculated** 

ESP Outlet Gas (dscfm) 1,411,s 15 36,440 CalCUlatd*** 

ESP Inlet Gas (dscfm) 1,463,001 43,373 Calculated*** 

(lb/MMBtu) 0.051 NC 

* 

** 
*** 

M e a s u d  by fuel oil totalizers. Calibration of the totalizers WBS performed using tank drop 
mcasurcmenta of the Site 118 day tank. 
Calculated from mass of ash collected in the silo, mas8 of oil fired, and oil flow ratc. 
Calculated from oil flow and F-factor. (F-factor = 9,200 dscf/MMBhx) 
Mean oil and p flow rates arc from Runs 1, 3, 5, 6 & 7, 8, 10 & 11, and 12 & 13 
NC - not calculated. Average valus of fuel flow and ash propertis w m  uscd to generate one 
ash flow value. 
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TABLE D-2 
SUMMARY OF EXHAUST GAS CONDITIONS AND 

Fu)W RATES FOR ISOKINETIC TESTS 
SITE 118 

AVERAOE INLET 
AVERAGE 

01,20193 113011700 333 
01,20193 ll30ll700 427 
01,20193 IP3117M 3.45 
OIM193 1352Il953 4.80 

01,21193 I O M l l ~  3.97 
01,21193 IoMll5l5 4.W 
01,21193 IOUllM 4.80 
o i n m  iiuiiw 4.03 

0 1 m 3  imi i im 3.62 

0 1 ~ 1 9 3  imoiim 4.m 

OlRygj IOMIISU) 3.91 

OIlL2193 1ou)IIW 4.64 
OllL2R3 lll4i1603 3.60 

OIM193 103111519 3.81 
OIM193 120011615 4.48 
OlM193 17X!/1616 3.81 

01M193 15%/16l8 3.47 
01M193 160511105 3.80 
O I M 1 9 3  174011810 3.67 
01h193 I 2 0 0 1 1 ~  4.16 
OlM193 l64SIulzJ 3.80 

OlR9Fn llU11510 4.44 
OIR9/93 171J,20015 4 . U  
01n9m 2013~043 4.36 

3.76 
4.39 

13.52 
12.94 
14.07 
12.98 

13.17 
13.11 
1253 
13.15 

13.00 
13.29 
12.44 
13.30 

1233 
12.96 
12.51 
13.02 

13.01 
13.50 
13.01 
1330 
13.01 
1330 

13.17 
12.92 
13.02 
12.67 
12.97 

13.44 
12.P 
I327 

1332 
l2.M 

9.3 
9.0 
9.3 
9.3 

9 3  
9.0 
9.0 
9.3 

9.4 
9.7 
9.6 
9.8 

8.9 
8.8 
8.8 
9.0 

8.9 
8.9 
9.7 

10.1 
9.1 
8.1 

9.3 
8.7 
8.5 
6.9 
9.0 

10.7 
6.4 
9.6 

9.18 
8.94 

320 
331 
315 
330 

ni 
330 
M 
316 

333 
3n 
333 
317 

3% 

334 
316 

304 
297 
306 
3m 
306 
293 

297 

294 m 
309 

307 
301) 
275 

310 
316 

ni 

303 

124.61 
14035 
IO9.43 
98.85 

120.65 
10.00 
92.96 

103.16 

1475S 
IZl.83 
M.64 
90.30 

148.58 
I4O.M 
120.35 
114.01 

13634 
123.93 
35.28 
1436 
35.01 
16.02 

7.87 
38.95 

8.63 
10639 
110.70 

I1129 
109.17 
18.41 

NA i.w.s,in 
1.645.717 1.461m 

11.5 STANDARD DEVATION INLET 0.21 0.30 on .... NA 38.9% 
STANDARD DEVATION 0- 0.33 0.30 0.99 16.9 43.042 48.700 

SP: SirulewintM 
otu: - 

Preliminary Do Not Cite or Quote 



D 5  

TABLE D-3 
SAMPLE TRUN TEST SUMMARY 

SITE 118 
MULIbMI5lAL 

ESP Lnlcc Stack 

DU.2 
Tta No 
std s.mplc Vol (SCF) 
std 5aq:c Vol (Nrn’) 
MoisDuc Fndim 
Stack Gls Mol Wt 
Stack GM Vdocity (ftlss) 
Shck Flow Rate (Wacfm) 
Stack Flow Ruc (dscfm) 
Isokilld.ic mi0  (a) 

DU.2 
Test No 
std srmplc Vol (SCF) 
std salnplc vol mu?) 
MoisnueFnctim 
Shck  GM Mol WI 
SDck Gls Velocity (fUss) 
Shck Flow d.Q (wacfm) 
Stack Flow Rate (dscfm) 
I M k i I l d C  W O  (a) 

DUe 
Ted No 
std smple Vol (SCF) 
std s.mplc V o l ~ d )  
Moisauc Fndim 
Stack GM Mol Wt 
Stack OM Vdocity (AI=) 
Suck Flow Rate (wacfm) 
Stack Flow Ruc (dscb) 
I M k i I l d C  U O  (%) 

1l20193 
I - M W I N  

109.4 
2.89 

0.093 
2923 
46.49 

- 
98.63 

1/21/93 
3-MTLsIN 

103.2 
2.72 
0.w 
29.12 
46.61 - - 
97.85 

I N 9 3  
5-MWIN 

90.3 
238 

0.098 
29.06 
47.06 - - 
97.93 

1/20193 
1-MTLS-STK 

98.8 
2.61 

0.093 
29.13 

102.17 

1,671.180 
111.14 

2.m.322 

1/21/93 
3 - M T L s s f K  

93.0 
2.45 

0.090 
29.09 

102.63 
2,785,780 
1,683,074 

105.93 

1/22/93 
S-MTLSSTK 

88.6 
234 

0.096 
29.01 

103.86 
2,819.172 
1,652,145 

104.00 
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TABLE D 3  (mntinued) 
SAMPLE TRAIN TEST SUMMARY 

SITE 118 
SEMI-VUSI 

p.MKtn ESP Inlet Stack 

Dltc 
Tcat No 
std s.mplc Vol (SCF) 
Std Sunpk Vol (Nm’) 
Moiaurc Fnction 
Sack G.r Mol Wt 
Sock GM Velocity (Wacc) 
Stack Flow Ruc (wach) 
sbclr Flow b. (dsch) 
lrokinccic Ruio (8)  

D.tc 
Tcat No 
std s.mple Vol (SCF) 
Std hmpk Vol (Nm’) 
Moirmrrs F d m  
Stack CM Mol Wt 
Stack GM Velocity ( W s s )  

Stack Flow Ruc (dsofm) 
stack Flow &re (Wacfm) 

IroLinetic Ruio (8 )  

Dltc 
Tcat No 
std hmplc Vol (SCF) 
std hmple Vol (Nu?) 
Moimrc F d o n  
Spck G.s Mol Wt 
Stack GM Velocity ( W s s )  
stack Flow Rut (Wacfm) 
Stack Flow Ruc (dscfm) 
I soLine t iC  Ruio (8)  

1/26/93 
6sv-m 

140.8 
3.72 

0.088 
29.15 
45.08 - - 
97.9 

1M193 
74v-IN 

114.0 
3.01 

0.090 
29.14 
50.25 - - 
99.48 

1/27/93 
wv-m 

123.9 
3 2 7  

0.089 
29.22 
41.81 

- 
100.35 

1/26/93 
M V S T K  

148.6 
3.92 

0.089 
29.08 

105.42 
2,861.557 
1,692,610 

91.90 

1/26/93 
7SVSTK 

120.3 
3.18 

0.088 
29.11 

103.29 
2,803,556 
1,664,405 

98.14 

1/21/93 
S-SV-STK 

1363 
3.60 

0.089 
29.18 
93.26 

2,531,387 
1.549,3 19 

100.23 
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TABLE D-3 (continued) 
SAMPLE TRAIN TEST SUMMARY 

SlTE 118 
PARTICULATES/ANIONS/RADIONUCLU)ES 

RRmacr ESP Idei Stack 

Dltc llu1193 l/20/93 
Tca No 1-Pu/m-m l-PM/AN-sTK 
std sample vol (SCF) 124.6 1403 

Moishuc F d o n  0.093 0.090 
s;d -:e VoI @m’) 3.29 3.70 

Stack Gls Mol Wt 29.16 29.14 
smck Gu vclocin, (ftlruc) 46.48 100.71 

stack Flow Rlbc (dsc6m) - 1,647,433 
smck Flow Rlbc (W&) - 2733593 

IsokinCfiC Ratio (%) 104.1 95.01 

Dltc 
Tca No 
std sample Vol (SCF) 
std sample vol (Nd) 
MoisDln F& 
Stack GM Mol Wt 
Stack Gls Velocity (lUsec) 
stack Flow R.tc (Wacxiu) 
smck Flow Rate (dsffm) 
ImkirAc M (8) 

Dltc 
Test No 
std sample Vol (SCF) 
sld sample Vol @Id) 
MoisolrcFnction 
S m c k  OM Mol Wt 
Stack G.s Velocity (ftlsec) 
Suck Flow Rate (wacxiu) 
Stack Flow Rlbc (dscfm) 
Iaoldnetic R.ri0 (%) 

1/21/93 
~-PMIAN-M 

120.6 
3.18 

0.093 
29.13 
45.13 - - 

103.76 

l l w 9 3  
5-pMi.w-m 

121.9 
3.22 

0.097 
29.08 
4834 - - 

100.36 

1/21/93 
3-PMIAN-STK 

142.1 
3.15 

0.090 
29.15 

100.07 
2,716,356 
1.632.193 

97.08 

1M193 
5-PMIAN-STK 

147.6 

0.094 
29.09 

101.71 
2,760,691 
1,619.091 

101.64 

3.89 
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TABLE D-3 (continued) 
SAMPLE TRAIN TEST SUMMARY 

SITE 118 

Stack 

D8k 
Tat No 
std Sunple Vol (SCF) 
Std Sample Vol (Nm’) 
Moisoue FRction 
Stack Cas Mol Wt 
Stack Cas Vel+ (Alsec) 
Stack Flow Ruc (wacfm) 
Stack Flow Rate (dacfm) 
Imkiuuic W O  (8) 

D.tc 
Tat No 
std Sample Vol (SCF) 
Std Suqlc Vol (Nm’) 
MoimuIe M o u  
Stack Gas Mol Wt 
Stack Gas Velocity (fvsec) 
Stack Flow +le (wffifm) 
Stack Flow Ruc (dacfm) 
lmkiuuic Ruio (8) 

D.tc 
Tat No 
std Suq le  Vol (SCF) 
Std Suqk Vol (Nm’) 
Moisas.  Friction 
Stack CM Mol Wt 
Stack CM Velocity (Alscc) 
Stack Flow Ruc (wacfm) 
Stack Flow Ruc Wfm) 
ISoLineric Ruio (8)  

1/27/93 
EA-Ni-IN 

14.4 
0.38 

0.101 
29.07 
41.30 - - 
97.1 

1/27/93 
8B-Ni-IN 

16.0 
0.42 

0.081 
29.32 
46.36 - 

- 
93.05 

1/28/93 
IOA-Ni-IN 

7.9 
0.21 

0.093 
29.11 
46.21 - 

- 
92.95 

1/27/93 
SA-NiSTK 

35.3 
0.93 

0.097 
29.08 
91.50 - 

- 
93.69 

1/27/93 
8B-Ni-STK 

35.0 
0.92 

0.091 
29.15 
90.53 - 

- 
9335 

3/28/93 
1O-NiSTK 

38.9 
1.03 

0.087 
29.15 
91.46 - 

- 
101.66 
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TABLE D-3 (continued) 

SITE 118 
SAMPLETRAINTESTSUMMARY 

~ 

NICKEL 
p.nmacr ESP Idel Suck 

D& 
Teat No 
sld s.mplc Vol (SCF) 
Sld s.mplc Vol (Nut') 
Moisauc Friction 
Stack GM Mol Wt 
Stack GM Velocity (Alnec) 
Stack Row R.tc (wufm) 
Stack Row R.tc .(dacfm) 
lsokinclic FUio (%) 

1/28/93 
IOB-Ni-IN 

8.6 
0.23 

0.085 
29.19 
49.94 - - 
93.07 

1/29/93 
13-NiSTK 

18.4 
0.49 

0.096 
29.13 
81.44 - - 

104.95 

Preliminary 
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TABLE D-3 (continued) 
SAMPLE TRAIN TEST SUMMARY 

SITE 118 
FORMALDEHYDE 

ESP Lnlcc Smck 

1/22/93 
SA-FORM-IN 

3 5  
0.092 

3.6 

1/22/93 
SB-FORM-IN 

3.6 
0.094 

3.6 

1/22/93 
SC-FORMM 

3 5  
0.093 

3.6 

1/22/93 
SA-FORM-STK 

4.8 
0.13 
4.3 

1/22/93 
SB-FORM-STK 

4.5 
0.12 
4.3 

1/22/93 
SC-FORMSTK 

4.5 
0.12 
4.3 
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TABLE D-3 (continued) 
SAMPLE TRAIN TEST SUMMARY 

SITE 118 
B k N L k N t A N U  IULULNC 

ESP lnta Suck 

01120193 
IB-Voc-IN 

35 

01120193 
1c-voc-IN 

3 .5 

01120/93 
ID-voc-IN 

3.490 

01120193 
1B-VOC-STK 

4.5 

01120/93 
1c-Voc-STK 

4.5 

01/20/93 
lD-VoC-sTK 

4.5 

NOtC (COarinUCd) - 
'16 0, vduu, 6vm 1-MTLS-W .nd 1-MTLSSTK. 
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TABLE D-3 (continued) 
SAMPLE TEST SUMMARY 

SITE 118 

CHROMIUM 
PVMan Stack Stack 

DUC 
Test No 
std slnlple Vol (SCF) 
Std Sample Vol (Nm') 
M o i a u ~ c  Fradim 
Shck G.s Mol Wt 
shck G.s velocity (iupc) 
Stack now Ruc (wacfm) 
shck now Ruc ~dBcfm) 
Imldnc(ic M O  (%) 

DUC 
Test No 
std Sample Vol (SCF) 
Std Sampk Vol (Nm') 
Moislun Fraction 
Stack Gu, Mol Wt 
Stack 0.s Velocity (Wsec) 
Stack Flow Rue (w&) 
Stack Flow Ruc (dscfm) 
lsoldnclic R.ti0 (a) 

1/28/93 
lO-crC-UllllpiLc 

106.4 
2.81 

0.069 
2935 
88.41 - - 
93.36 

1/29/93 
12CrC-UllllpiLc 

111.3 
2.94 
0.107 
29.01 
88.93 

- 
101.20 

3/28/93 
11CrC-Unspikc 

110.7 
2.92 

0.090 
29.12 
88.89 - 

- 
99.15 

1/29/93 
13CrC-UnapiLe 

109.9 
2.90 

0.064 
29.45 
88.33 

- 
96.08 
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TABLE D4 
COMPUTATION OF ESP ASH MASS FLOW RATE 

SITE 118 

(1) Fuel flow 

(2) Total fuel 

(3) Specific gravity 

(4) Mass of fuel 

(5) End volume of ash in 

(6) Specific gravity of ash 

(7) Mass of ash 
(8) Mass of asblmass of fuel 

silo 

408,000 Ib/hr 

2,585,966 gal. 

0.9746 

21,025.000 Ib 

1.618 ft' 

0.W) 

20,193 Ib 

.OOO96 Ib ashflb fuel 

Average from 1/20. 1/21, 1/22 

Between 1/19 and 1/22 

Average from 1/20, 1/21, 1/22 

Computed from (2) and (3) 

12.25 ft from top of silo 

Average of three. determinations 

Computed from (5) and (6) 

[01(4)1 

Preliminary Do Not Cite or Quote 
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TABLE D 5  
SAMF'LE TRAIN CALCULATION PROCEDURES 

SITE 112 

To Caladate SamD 

a. Sample gas volume, dscf 

kinetics for Each Sam1 e le Volume. Actual Exhaust Flow Rate and Iso 1. 
nab,! 

V,, = 0.03342 V, ( Pb +i&)[?k 
b. Water vapor volume, scf 

Vu, = 0.0472 V, (2%) 
c. Moisture content, nondimensional 

v w  Ed 

v,, + vu, 
B, = 

d. Stack gas molecular weight, lb/lb mole 

MW, = 0.44 (%C02) + 0.32 (%03 + 028 (%N,> 

MW, = Mw, (1 - B,,,,) + 18 (B,,,,) 

e. Absolute stack pressure, in Hg 

P 
13.6 

P, = Pb + 2L 

f. Stack velocity, ftlsec 

v, = 2.90 cp 1- -, 
g. Actual stack flow rate, wacfm 

Q = ( V . ( A , W J )  

h. Standard stack gas flow rate, dscfm 

Preliminary Do Not Cite or Quote 
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1. Percent isokjnetic 

2. To Calculate Pam ‘culate Em issions 

a. Grainloading, gddsd 

C = 0.01543 [2) 
b. Lirain loading at 12% C@, gr/dsd 

C. Mass emissions, l b h  

3. To Calculate Gaseous Em issions. lb& 
- - .  -~ ~ 

where, 

SV = specific molar volume of an i&al gas: 

SV = 385.3ft’Ilb mole for Tw = 528 “ R  

SV = 379.5 ft’llb mole for T4 = 520 O R  

4. 
Analvsis 

To Estimate Emissions Rates in lb/lo6 Btu Us ine EPA Method 19 an d Given Fud 

Preliminary Do Not Cite or Quote 
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a. Fuel factor at 68 O F .  dscf/106 Btu at 0% O2 

b. 

C. 

d. 

e. 

. f. 

106[3.64(%H, + 1.53(%C) + 0.14 (%nr) + 0.57(%9 - 0.46(%02&l)] Fa = 
HHV, h l l b  

Fuel factor at 60 O F  

Gaseous Emissions factor, lb/lo6 Btu 

Gaseous Emissions factor, lb/lO" Btu 

[ ,014m), = [ 1:hIl x 106 

particulate emission factor, lb/lo6 Btu 

[ Ib ) = c( Ib )o( ) 106 h 7000 g 20.9 - 564 
Particulate emission factor, lb/10'2 Btu 

5 .  To c alculate Trace Smies Emissions G iv en Laboratorv Resu 1 ts 

a. 

b. 

c. 

d. 

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

ngldscm = ng sample train x (35.31Nm,,J 

nglNm3 = nglsample train x (35.31Nm,,J x 492/Tref 

lblhr = ngldscm x (1 &lo9 ng) x (1 lb 454 g) x (I m'/35.31 ff) x Qd x (60 
minlhr) 
where Qd = standard flow rate, dscfm and Nm' = normal cubic meter (OOC, 

1 abn) 

Preliminary Do Not Cite or Quote 
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x 106 

e. For Formaldehvde Results 
ppb = (pg/sample train) x I N r n &  x (1 1bl454 g) x (1 gl106 pg) x SVlMW, x lo9 
lblhr = ppb x lo9 MWi/SV x & x 60 min/hr 

ppm = (mglsample train) x (llVm,,J x (1 1bl454 g) x (1 g/l@ mg) x SVIMwi 
f. For Anion Results 

lblhr - ppm x 106 h4WilSV x & x 60 min/hr 

Notes: Laboratory results could be in either pg or mg. PAH, metals, chromium 
ana 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 projects or with some reference methods. Typically a reagent 
blank is a more appropriate indicator of blank levels than a field blank. 

6. To C- 46 fo r J i a c m d e  

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

20.9 - tcst 0, - 

20.9 - CEM 0, 
b. TW CO, = CEM CO, x 

n iler- - for a Gi ven 7. T p k  Svstem 
eter.1 

a. Given stack gas ash and fuel sample results. 

b. M, (fuel) = M, (stack gas) + M, (ash) 
where M, is in units of either 1bJday or lbJIO1z Btu and i denotes the particular 
parameter of interest. 

Mass balancei = (Mi (air) + Mi (ash))/M, (fuel), expressed as 46 c. 
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c” 
8. f m H t te and F-factor: 

Flow rate, dscfm = Oil flow (lblhr) x HHV (Btullb) x F-factor @ 0% 02, 
dscf/MMBtu x MMBtul x lmtu x 20.9/(20.9-%0J x hr/60 mi 

9. T T  I S I B  

total ash, Ib/hr = mass of ash, lblmass of fuel, lb x fuel flow, lblhr 

lb ashll06 Btu = mass of ash, lblmass of fuel, lb + W t u l l b  fuel 

i = trace species, i 
a = ash 
f = fuel oil 
lb(i)/lOlz Btu(f) - pg(i)/gmm(a) x g(a)lcm3 

x total ash volume, cm3 x lb(i)l454g(i) x gl106pg 
x l/”V, Btu/lb(f) x lltotal fuel burned, 1bQ 
x 10’2 

To Calculate lbll0 11. 12 Btu of Species m Fud . .  

lb/lO1z Btu = pglg x l/”V, Btdlb x 106 

12. NomenclatuG 

- - stack area, ftz 

= flue gas moisture content 

4 
Bw 

CIZS CO, = particulate grain loading, grldscf corrected to 12% CO, 

C = particulate grain loading, grldscf 

CP = pitot calibration factor, dimensionless 
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nozzle diameter, in. 

fuel F factor, dscf/lo6 Btu at 0% O2 

orifice pressure differential, iwg 

96 isokinetics 

mass of collected particulate.. mg 

mass emissions of species i, Iblhr 

= 

= 

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 = ( 
= barom& pressure, h.Hg 

stack absolute pressure, h.Hg 

stack static pressure, iwg 

wet stack gas flow rate at actual conditions, wadm 

= 

specific molar volume of an ideal gas at standard conditions, ftfllb mole 

meter tempmture, OR 

reference temperature, OR 

dry stack gas flow rate at standard conditions, dscfm 

Preliminary Do Not Cite or Quote 



D-20 

stack temperature, "R 

stack velocity, ft/sec 

volume of liquid collected in impingen, ml 

dry meter volume uncofiected, dcf 

= 

= 

meter calibration coefficient 

dry meter volume at standard conditions, dscf 

volume of water vapor at standard conditions, scf 
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APPENDIX E 
PROCESS OPERATION 
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Figure E-1 
Unit Operation Parameters 
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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 
wben the measured results are near the detection level of the methods. 

In calculating uncertainties that are presented in this report. procedures were followed that have 
been previously established for PISCES data treabnent. This procedure involved calculating an overall 
uncertainty for each result using standard statistical techniques and known measurement biases. An error 
propagation analysis was performed on calculated results to determine the contribution of process, 
sampling and analytical variability, and measurement bias, to the overall uncertainty in the result. This 
uncertainty was determined by propagating the bias and precision error of individual parameters in the 
calculation of the results. 

This uncertainty does not represent the total uncertainty in the result since many important bias 
errors are unknown and have been assigned a value of zero for this analysis. Thiis 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. Ia addition, the following calculations assume that the population 
distribution of each measurement is normally distributed and that the samples collected reflect the true 
population. 

The method described below is based on ANSUASME PTC 19.1-1985, "Measurement 
uncertainty." 

Nomenclature 

r =  
s, = 
% =  e, = 
/I# = 

s, = 

t =  
v, = 
Pi = 
Mi = 

v, = 
v, = 

B, = 

Ni = 
E =  

calculated result; 
Sample standard deviation of parameter i; 
Standard deviation of the average of parameter i; 
Sensitivity of the result to param- i; 
Bias error estimate for parameter i; 
Degrees of freedom in parameter i; 
Degrees of M o m  in resulS 
Precision component of result uncertainty; 
Bias component of result uncertainty; 
Student "1" factor (two-tailed distribution at 95%); 
Uncertainty in r; 
Parameter i; 
Perturbation in parameter i; 
Number of measurements of parameter i; and 
Emission rate 

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

u, = /- 
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G W h  

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

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

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

<PI + APl) -(Pi) 

APi 
e, = 

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

The degrees of freedom for each parameter is found from 

V, = N,-1 

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

s: 

1 
v, = [ (sp~i * 8,)' 

VI 

The Student "t" in the first equation is 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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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 stack location met EPA Method 1 requirements for distances from flow disturbances. 
A cyclonic flow check was pedomed and all yaw angles were < 10'. The gas flow 
rates at the stack location measured by the S-type pitot probes were 10% higher than flow 
rates calculated from fuel flow and F-factor. During all isokindc mts, sample flow rate 
was set based on the velocity measured by the pitot probe, as specified in EPA Methods 
1.2 and 5. This means that "true" isokinetic sampling rates m y  have been 10% low. 
Estimating errors induced by nonisokine-tic sampling would correspond to an uncertainty 
of 10% in the concentrations of particulate species. Thus an uncertainty of 10% was 
applied to all particulate species measured from isokinetic tests. 

The inlet location did not meet EPA Method 1 for a suitable sampling location. In 
addition, one port was unavailable for sampling and points were skipped due to lack of 
flow. As a result, no attempt was made to calculate the S-type pitot flow rate. A value 
of 20% was applied to all inlet particulate species. 

No bias was used on fuel flow rates for this unit. Fuel flow rate was determined from 
fuel oil totalizers. Calibration of the totalizers was performed using tank drop 
measurements of the Site 1 18 day tank. 

An uncertainty of 30% was used on ESP fly ash rates and on species detected in the ash. 
This was based on the ullceRainty of the ash density determination. 

0 

0 

0 

In interpreting and understanding the uncummy ' 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 

0 

0 

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

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

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

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

Emission factors are calculated in units of lb/lO'* Btu. However, the equations used for 
uncertainty calculations are in mass emission units of Ibhr since these equations allow for an estimate 
of overall uncertainty incorporating all parameters. Uncertainty calculations for ash are in units of 
lb/10'* Btu. 

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

FLUE GAS 

x Lid, x 5.8127 x 10'" , 20.9 
20.9 -O,(t&).% 

The following example calculation shows how the overall uncertainty of the stack PM < 10 
vanadium value from this program was determined. . 

Preliminary Do Not Cite or Quote 



F-6 

~ ~ ~ 

Parameter Units Run 1 Run 2 Run 3 Mean 

Concentration P m m ’  29.5 48.9 51.3 43.2 
Heat Rate BtulMW-hr 9.04x lob 9.21 x lob 9.07 x lob 9.11 x l@ 
F-Factor dscflMMBtu 9304 9177 9119 9200 
4 (test) 74 4.80 4.80 4.64 4.75 
Load (net) Mw 844 836 841 840 

The sensitivity of each variable is calculated with a perturbation for eacb parameter that is equal to the 
larger value of the standard deviation of the average, %. or the bias error, E,.. For the concentration 
variable: 

= 43.2 x 9.11 x Id x 9200 x 20.9 
20.9 -4.15 

x 840 x 5.8127 x = 0.229 =<c - 432) 

E @ .  = 50.1 x 9.11 x lob x 9200 x 20.9 840 5.8127 x 1047  = 0.266 
20.9 -4.75 

0.266-0.229 = o.m3 ec = 
6.9 

Similar calculations for each parameter produce the following results: 
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PARAMETER 
Concentration, Heat Rate. BtulMW-hr F-Factor, dscfMMBtu 

43.2 9.11 x 1v 
11.9 9.11 x l(r 
6.9 5.26 x l(r 

9200 
94.6 
54.6 

3 3 3 
4.32 0 0 

2 2 2 
6.9 5.26 x l(r 54.6 

5.3 x 10' 2.5 x 10' 2.5 x 1 0 5  

The precision and bias components arethencalculated by ~ o o t ~ u m ~ ~ u ~ ~ g t h e p r o d u ~ o f t h e p ~ ~ e ~ r ~  
or E, and the sensitivity: ~ 

s, = ,/(e,*%Y + (e,,*%,' + (e,,*%)' 

s, = 3.7 x lo-z 
~. 

B, = 2.3 x IO-' 

The Student "t" factor for two degrees of freedom and a 95% wnfidence interval is 4.3. 

The uncertainty in the result is then 

v, = /- * 1)  - - d(2.3 x 10-')2 + (3.7 x lo-' x 4.3)' = 0.159 

The overall emission rate is reported as 

0.229 f 0.159 lbhr or 69% uncertainty. 
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APPENDIX G 

QUALITY ASSURANCE AND QUAL.ITY CONTROL DATA 
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The tables in Appendix G contain the following information. 

Table G-1 

Table G-2 

Table G-3 

Table G-4 

Table G-5 

Table G-6 

Table (3-7 

Table G-8 

Table G-9 

Table G-10 

Table G-1 1 

Table G-12 

Table G-13 

Table G-14 

Table (3-15 

Table G-16 

Table G-17 

Table G-18 

Summary of Quality Control Results for ESP Inlet and Stack Combined MetalslPM,, 
Metals Analyses 

Summary of Quality Control Results for ESP Inlet and Stack PAW Analyses 

Summary of Quality Control Results for ESP Inlet and Stack PCB Analyses 

Summary of Quality Control Results for ESP Inlet and Stack PCDDPCDF Analyses 

Summary of Quality Control Results for ESP Inlet and Stack Volatile Organic Compound 
Analyses 

Summary of Quality Control Results for ESP Inlet and Stack Formaldehyde Analyses 

Summary of Quality Control Results for ESP Met and Stack Particulate Analyses 

Summary of Quality Control Results for ESP Inlet and Stack Anion Analyses 

Summary of Quality Control Results for Stack Fuel Oil and Flyash Radionuclide 
M Y =  

Summary of Quality Control Results for ESP Inlet and Stack Nickel Speciation Analyses 

Summary of Quality Control Results for ESP Inlet and Stack Total and Hexavalent 
Chromium Analyses 

Summary of Quality Control Results for Metals by ICP-AES, GFAAS and CVAAS in 
Fuel Oil 

Summary of Quality Control Results for Metals by INAA in Fuel Oil 

Summary of Quality Control Results for Ultimate Proximate Analysis for Fuel Oil 

Summary of Quality Control Results for Anions in ESP Flyash 

Summary of Quality Control Results for Metals by ICP-AES, GFAAS, CVAAS in ESP 
Flyash 

Summary of Quality Control Results for Metals by INAA in ESP Flyash 

Fuel Oil Analysis of NIST Standard Reference Material 1634B 
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TABLE G I  
SUMMARY OFQUALllYCONTROLRESULTS FOR 

srr~ 11s ESP INLET AND STACK COMBINED METAW pni IO METAIS ANALYSES 

ICP-HydridC 
IW.AES 
1CP.AES 
ICP-AES 
ICP-AES 
ICP-AES 
IC€-AES 
GFMSQSA 
IW-AES 
c v w  
ICP-AES 
IW-AES 
1 m . m  
ICP-AES 
IW-AES 

1.4 
34 
0.2 

ND a.3 
14 
22 
I 1  
IO 
21 
1.0 
5.6 
5% 

NDa.21 
29 
620 

NP - 
34 0. I 
0.2 20 

ND 6 . 3  NC 
I4 0.5 
72 0.0 
I I  0. I 
NP - 
1.3 21 
5.6 0.0 
541 0.3 
NP - 
21 7.5 
610 0.3 

m 0.1 

10 
IO 

IO 
10 
10 
IO 
I O  
IO 
IO hnrmaEQ0 
IO 
IO 
I O  
IO 
IO 

10 DcaMmnw)o 

1CP.HWick 
ICP-AES 
ICP-Aes 
ICP-AES 
ICP-AES 
IW.AE.5 
1CP-W 
GFAASMSA 
ICP-AES 

CVAAS 
CVAAS 
IW-AES 
1CP.W 
ICP.Hydnd: 
ICP.AES 
ICP-AES 

3.1 
65 
2 

ND a . 3  
I8 
14 
28 
33 
91 

1.0 
N D a 4  

21 
2Mo 
8a 
160 

2300 

W 
66 
2 

ND a.3 
18 
14 
la 
NP 
91 

2.0 

ND64 
21 

xm 
W 
1% 

2210 

- 
0.1 
0.0 
NC 
0.3 
0.1 
0.6 

'0.5 

0.0 

Nc 
0.5 
0.1 

5.6 
0.6 

- 

- 

IO 
IO 
IO 
I O  
IO 
IO 
IO 
10 
10 

10 
IO 
IO 
IO 
10 
IO 
IO 
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TABLE G1 (aathurd) 
SUMMARY OF QUALITY CONTROL RESULTS FOR 

SlTE 118 ESP INLET AND STACK COMBINED METALS PM 10 METALS ANALYSES 

ICP-Hyhidc 
ICP-AES 
ICP-AES 
ICP-AES 
ICP-AES 
ICP-AES 
1 c p - m  
OFAASMSA 
ICP-AES 
CVAAS 
ICP-AES 
ICP-AES 
OFAAS 
ICP-APS 
ICP-AES 

ICP-Hyhidc 
ICP-AES 
ICP-APS 
ICP-APS 
IC?-AES 
ICP-AES 
ICP-AES 
OF-MSA 
1mAES 

CVAAS 
CVAAS 
ICP-AES 
ICP-AES 
m - w  
ICP-AES 
ICP-APS 

0.8 
5.1 

NDa.1 
ND a3 

6 
1.4 
3 3  
3 
79 
1.1 

ND a . 7  
33 

ND a25 
N D - 3  

26 

1.9 
26 

m. I 
ND a3 

5 3  
4.6 
9 3  

NDQ 
32 

2 0  
ND a.7 

17 
120 
5.7 
6 
I20 

Np 
5.1 

NDC0.I 
ND a3 

6 
1.5 
3 3  
NP 
79 
13 

ND a .7  
33 
NP 

NDa 
27 

1.7 
26 

NDC0.I 
ND a3 

5.4 
4.5 
9.2 
NP 
33 

NDQ 
m 7  

17 
120 
6.2 

NDa 
I20 

- 
0.7 
NC 
NC 
3 3  
9 2  
1.1 

0.1 
18 

NC 
1.5 

NC 
0.6 

- 

- 

I1 
03 
NC 
NC 
0.4 
3.4 
1.1 

0.4 

NC 
NC 
2 0  
0.6 
7.7 
NC 
0 3  

- 

10 
IO 
10 
10 
IO 
IO 
10 
IO 
10 
10 
IO 
10 
10 
IO 
10 

IO DcuoocmrcDpo 
10 
10 
IO 
10 
IO 
10 
IO 
10 

10 
10 
IO 
10 
IO 
10 
IO 
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TABLE G 1  (continued) 
SUMMARY OF QUALTI'Y CONTROL RESULTS FOR 

SITE 118 ESP WLET AND STACK COMBINED METAWPM 10 METALS ANALYSES 

~ ~~ 

Post-Discstion Samde Spike Recovcncs 

PM >IO 
Element I-MTLS-IN I-MTLS-STACK Data Quality Objective Commenu 

Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 

Lsad 
Mangancsc 
Mercury 
Molybdenum 
Nickel 
Selenium 
Phosphorus 
Vanadium 

Copper 

NP 
99 
94 
90 
90 
88 
96 

MSA 
87 
73 
88 
78 
NP 
93 
86 

NP 
IO1 
92 
94 
93 
92 
100 

MSA 
88 
1 I7 
94 
87 
NP 
99 
93 

75-125 
75-125 
73-123 
75-125 
75-125 
75-125 
75-123 
75-125 
75-125 
75-125 
75-123 
73-123 
75-123 
75-125 
75-125 

I-MTLS-IN d m  not meet OQO 

Post-Diacstion Samole Saike Recovenos 
~ 

~ 

PM <IO 
Element 5-MTLS-M S-MTLS-STACK Dab Quality Obpzuu Cornmenu 

for Spikes 

Arsenic NP 47- 75-125 5-MTLS-STACK doer not meel DQO 
75-125 Bsnum 82 87 

Beryllium 87 94 75-125 
Cadmium 61 76 7s-125 5-MTLS-M d m  not m a t  DQO 
Chromium 70 80 75-125 5-MTLS-M doer not ms51 DQO 
Cobalt 63 72 75-125 5-MTLS-M and STACK do not meet DQO 
Copper 87 89 75-125 
Lend MSA MSA 75-125 
Manganese 68 74 75-125 5-MTLS-M and STACK do not m a t  DQO 
Mercury 

- 

-FWBH 96. 93- 75-125 
-KMn04 101' 109- 75-125 

Molybdenum 71 77 75-125 5-MTLS-M doer not m a  OQO 
Nickel I I4 66 75-125 5-MTLS-STACK d m  not m a t  DQO 
Sclcnium NP I l l * *  75.125 
Phosphorus 75 82 75-125 
Vanodium 72 81 75-125 5-MTLS-IN does not m a t  DQO 

'Results are for 3-MTLS-M 
**Rcsul~s are for 3-MTLS-STACK 
NP not performed 
MSA: sampler anal@ by the Method of Slandard Additions 
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1m 
93 

I W  
101 
103 
97 
I04 
113 
99 
Im 
1m 
101 
99 

im 
101 
91 
96 
101 
97 

106 

I W  
95 
91 
91 

96 

im 

im 

in 

Im 

im 
im 

91 
96 

96 

w 
99 
1m 
w 
99 
93 
ICa 
96 

90110 
90110 
90110 
90110 
90110 
90110 
90110 
90.110 
m1w 
90110 
90110 
90110 
90110 
90110 

PMsu 
UBBUNK 0.9998 0.9998 0.995 
w 0.9538 0.9538 0.595 
m-bnu 09993 O m  0595 
lddlw O W  O M  0595 
Mdlw 0953l O m  0595 
3.bA-m 0959S 09911 09% 

EMa 
FBMlls 09999 Ima 0595 
IMIL9 09998 09963 0995 
Mdlw 09998 O W  0595 
3.bA-m 09994 093l9 0595 
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TABLE G 2  
SUMMARY OF QUALITY CONTROL RESULTS FOR 
SITE 118 ESP INLET AND STACK PAH ANALYSES 

LLmsiuR MaabLsrmaer; 
Bla&thbix B h * m  

spike #l spls #2 LhhWityObj& 
caapand K R&ovsy K R* RPD forhdiaosr ccmmsnb 

N.phdyboc 130 121 7 1  50 
A-Ww- 94 95 1.1 50 

94 103 9.1 50 
im 95 5.1. 50 

- 
FluDIoao 
mabdmum io0 103 3.0 50 
Anancam 94 100 6 1  50 
F l w n d n m  io0 % 4.1 50 
m 1M 99 1 .o 50 
-awn=-  94 98 4 1  50 
aw- 94 99 5 1  50 

81 86 6.0 50 
loo 98 20 50 

eaeo@- 

94 95 1.1 50 
BamW- 
B=dGPY= 
-1234PW- 87 91 45 50 
w & h ) . l l b n s o o c  106 98 7.8 50 
B = d s . h i W  94 95 1.1 50 
2-M- NS NS NS - 
7.11- NS NS NS - 
3-Mc&7i- . NS NS NS - ... ...... ... .... ............................. .................................................................................... ............................................ 

~~ ~ ~~ ~ = ~~ ~ ~~ ~~ ~ -~ ~~ ~ 

Rwuk 
Btakhhbix B l m l k m  -wry 

spike #I spike 112 c t w w  
olmllmnt WRCDDWV KR&onry XRssoWy la sa- cmrmmb 

N.phdyboc 130 121 im 50.150 
Aeaopbmylonc 94 95 95 50.150 - 94 103 99 50.150 
FluDIoao I00 95 98 50.150 
RumdwEm io0 103 102 50.150 - 94 100 m 50.lH) - io0 % 9s 50.150 
PYn- loo 99 100 50.150 
w.wn== 94 98 % 50.150 
aw- 94 99 ?l 50.150 
B=&ma=mrm 81 86 84 50.150 -*- im 9s 99 50.150 
B = 4 m l -  94 95 ' 9 5  50.150 
*l.u.cdhW= 87 91 89 50.150 
hW&hMUnane 106 98 102 50.150 
Baao(ebib@- 94 95 95 50.150 

NS NS - 50.150 
7.1 I-l)nncchymca( awl=- NS NS - 50.150 
SM- NS NS - 50.150 

RPDRcLtivchCaIlDiaorolps 
NS: NotSpJlod 

Preliminary Do Not Cite or Quote 
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TABLE G3 
SUMMARY OF QUALITY CONTROL RESULTS FOR 

SITE 118 ESP MLET AND STACK PCB ANALYSIS 

total Chlombiphcnyls 1 . n  1.73 2.3 50 
total Dichlombiphenyls 0.90 0.81 10.5 50 
total Trichlorobiphenyls 0.86 0.87 1.2 50 
totalTetnchlombjphn~~ls 0.97 0.70 32.3 50 
total pcntachlorobiphcnyls 0.78 0.72 8.0 50 
total Hexachlmobipharyls 0.81 0.73 10.4 50 
total Hcptachtorobiphyls 0.87 0.74 16.1 50 
total Machlorobiphcnyls 0.83 0.60 32.2 M 

afaehlombiphayl 0.83 0.76 8.8 50 
total NoMchlombiphcnyls 0.86 0.70 20.5 50 

TOTAL FCB 9.49 8.34 12.9 50 
~~ 

~ ~ _ _ _  ~~ ~~ 

Blankxdatrix BlanlrMspix -wry 
spike # I  Spike #2 Avasge Objective 

total Chlombiphenyls 111 108 110 50-150 
total Dichlaobiphcnyls 113 101 107 50-150 
total Trifhlwobiphenyls 108 109 109 SO-l 50 

total pmtachlmobiphenyls 98 90 94 50-150 
totll Hocachlorobiphenyls 101 91 96 50- I so 
taal Hcplachlombiphenyls 109 93 101 SO-I50 

total NoMchlmobiphenyls 108 88 98 50150 

cmponmt %Raovny n Raavcry K Rsovny TorSpikcs Comments 

totnl Tetnch lo rob i~y l s  121 88 105 50-1 50 

total Machlmbiphenyls 104 75 90 50-1 50 

104 95 100 50-150 
TOTAL FCB 108 95 102 SO-1 50 

(mncinucd) 
RPD: Relative Palxnt Diffcmlcc 

Preliminary Do Not Cite or Quote 
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TABLE G-4 
SUMMARY OF QUALITY CONTROL RESULTS FOR 

SITE 118 ESP INLET AND STACK PCDDlPCDF ANALYSES 

Duplicate SDike Results: 
BlankMauix Blankh4atrix Data Quality 

Spike #1 Spike #2 Objective for 
Component Pg Pg RPD Duplicates 

Total TCDD 1200 1250 4.1 50 
Total PcCDD 2470 2440 1.2 50 
Total HxCDD 6450 6450 0.0 50 
Total HpCDD 2410 2460 2.1 50 
OCDD 2460 2630 6.7 50 
Total TCDF 1380 1220 12 50 
Total PeCDF 1250 1230 1.6 50 
Total HxCDF 4830 4880 1.0 50 
Total HpCDF 1262 1180 6.7 50 

2500 2480 0.8 50 OCDF 

Spike Recoverv Results: 

~ ~~.~ ~~~~~ 
~~ ~ 

~~ 

BlankMatrix BlankMatrix Data Quality 
Spike $1 Spike #2 Average Objective 

Component %Rsovcry %Recovny % Recwery for spikes 

Total TCDD 
Total PeCDD 
Total HxCDD 
Total HpCDD 
OCDD 
Total TCDF 
Total PeCDF 
Total HxCDF 
Total HpCDF 
OCDF 

96 
99 
129 
96 
99 
110 
100 
129 
101 
100 

100 
98 
129 
98 
106 
97 
98 
130 
95 

' 99 

98 
99 
129 
97 
103 
104 
99 
130 
98 
100 

50-150 
50-150 
50-150 
50-150 
50-150 
50-150 
50-150 
50-150 
50-150 
50-150 

(continued) 
RPD: Relative Percent Difference 

Preliminary Do Not Cite or Quote 
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TABLE C S  
SUMMARY OF QUALITY CONTROL RESULTS FOR 
SITE 118 ESP INLET AND OUTLET VOC ANALYSES 

m g $  ND 4.75 
ND 4.1 
ND 4 .6  
ND 402 

I4 
ND 43 
ND 4 .7  

0.47 
ND 4 2  
ND 4 .7  
ND 4 3  
ND a . 5  
ND 4 2  
ND 41 
0.1s 
011 
0.24 
2.74 , . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . .. . . . . . . . . 

~ 

JC-VOC-SM ND5,4 
NP 

ND 4 . 4  
ND 4.08 

8.84 
ND 4 2  
ND 4 .4  

01s 
ND4.1 
ND 4.4 
ND 41 
ND 43 
ND 4.08 
ND 4.09 

0.10 
0.17 
0.18 
1.79 

ND 4.7s NC 
ND 4.1 NC 
ND 4 . 6  NC 
ND 41 NC 

9 3  40 
ND 43 NC 
ND 4 . 7  NC 

03  1 41 
ND 4 2  NC 
ND 4 . 7  NC 
ND 43 NC 
ND 4 . 5  NC 
ND 41 NC 
ND 41 NC 
0.1 40 
0.15 33 
0.17 34 
I .72 46 

ND 4.4 NC 
NP NC 

ND a . 4  NC 
ND 4.08 NC 

8.81 0.34 
ND 4 2  NC 
ND 4 . 4  NC 

032 25 
ND 4 .1  NC 
ND 4.4 NC 
ND all NC 
ND 43 NC 
ND 4.08 NC 
ND 4.09 NC 

0.09 11 
0.13 r) 
0.14 2s 
I .74 2.8 

............................ .................., 

20 
20 
20 
20 

20 
20 
20 DoormtmaDQO 
20 
20 
20 
20 
20 
20 

20 DamootamDQO 

20 DoaootmatDQO 
20 DDslaDtamoQo 
20 DamaotmatDQo 
20 DDslootmeetCQO 

20 
20 
20 
20 
20 
20 
20 

20 
20 
20 
20 
20 
20 
20 
20 DDslnotmc&DQO 
20 Door not m e t  DQO 
20 

. ........... ....... ..... . . ...... . .... . ........ 
~ 

20 DaraotmeaOQo 

(OatbuOd) 
Nota: 
Np: Nnperfmed 
NC: Not Ulcuhble for not detected speck 
RPD RcluivcPsrcsntDinnawr 

Preliminary Do Not Cite or Quote 
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TABLE G S  (continued) 
SUMMARY OF QUALITY CONTROL RESULTS FOR 
SITE 11 8 ESP INLET AND OUTLET VOC ANALYSES 

lcaQElN 987 
194 
557 
M 
556 
m 
3% 
210 
314 
272 
292 
856 
265 
214 
173 
180 
273 
272 

173 
190 
495 
470 
644 
285 
461 
7.44 
304 
277 
376 
1090 
346 
298 
203 
201 

400 
288 

17.1 
97.9 
88.9 
83.6 
116 
105 
131 
I02 
96.8 

129 
I Z l  
131 
139 
117 
112 
105 

. 147 

Irn 

70-130 
70-130 
70-130 
70-130 
70-130 
70-130 
70-130 
70-130 
70-130 
70-130 
70-130 
70-130 
70-130 
70-130 
70-130 
70-130 
70-130 
70-130 

Preliminary Do Not Cite or Quote 



TABLE 6-6 
SUMMARY OF QUALlTY CONTROL RESULTS FOR 

SITE 118 ESP INLET AND STACK 
FORMALDEHYDE ANALYSIS 

-de DuDlicatc Analvsis 
Data Quality 

Duplicate objcctivc comments 
Sample ID U g h i a l  U r n  RPD for Duplicates 

FBB-STK #1 2.81 2.98 5.9 10 
5A-FORM-IN #1 0.80 0.87 8.4 10 
5c-FORM-JN #2 0.12 0.11 8.7 10 
5C-FORM-STK %1 0.75 0.67 11 10 

sample 

Field Spikes: 
M U  5.0 5.82 116 60-140 
Stack 5.0 5.42 108 60-140 

~ Trip Spike: 3 . 0  ~ 6.91 -138 ~~ 60-140 ~ 

Matrix spikes 
SA-FORM-IN # l  3.66 3.75 102 60-140 
5C-FORM-STK #I 3.66 3.32 91 60-140 

Preliminary Do Not Cite or Quote 
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TABLE 6-7 
SUMMARY OF OUALITY CONTROL RESULTS FOR 

SITE 118 ESP INLET AND STACK PARTICULATE ANALYSES 

Measured Value 
Quality Control or Ranee Data Ouality Objective Comments 

Acetone Blank, mg/ml 0.0069 c = 0.000 

Balance Calibration Check, mg 
Total weight > 20 g -0.3 to 0.0 +I- 0.3 
Tokl weight < 20 g -0.1 to +0.1 +I-  0.1 

Note: NBS traceable weights used for balance calibration check 

Preliminary Do Not Cite or Quote 



TABLE 6-8  

SUMMARY OF QUALITY CONTROL RESULTS FOR 
SITE 118 ESP INLET AND STACK ANION ANALYSES 

Sample 1.D. Sample value Duplicate value RPD Data Quality Objectives 
mg/sample mg/samplc for Duplicates 

I-PWAN-sx 
front-half: 

Chloride 0.0274 0.0275 0.4 
Fluoride ND 4.015 ND4.015 NC 

Sulfate 0.475 0.473 0.4 
Phosphate ND4.1 ND4.1 NC 

15 
15 
15 
IS 

5-PWAN-IN 
3% H202: 

Chloride ND c9.9 ND 4.9 NC 15 
Fluoride ND 4.9 ND 6.9 NC I S  
Phosphate ND Q.0 ND Q.0 NC 15 
Sulfate 2138 2472 14.5 15 ......... ....... " ..... I ............... "--I."..-- 

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

Suike Results 

SampleLD. . Mcaswed Expected Matrix Spike Quality Control Objective Comments 
Value, mg Value, mg % R a o v a y  for spikes 

I -PM/AN - S Z  
front-half: 

Chloride 0.483 0.600 80.5 80-120 
Fluoride 0.410 0.400 '103 80-120 
Phosphate 4.35 4.00 109 80-120 
Sulfate 2.47 3.00 82.3 80-120 

5-PWAN-IN 
3% H202: 

Chloride 
Fluoride 
Phosphate 
Sulfate 

0.596 0.600 99.3 80-120 
0.422 0.400 106 80-120 
2.83 4.00 70.8 80-120 D a r  Not Meet DQO 
3.95 3.00 132 80-120 Docs Not Meet DQO 

RF'D= relative percent diITerence 
NC: not calculated for species that were not detected 

Preliminary Do Not Cite or Quote 
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TABLE G 9  

SUMMARY OF QUALITY CONTROL RESULTS FOR 
RADIONUCLIDES ANALYSES SITE 118 STACK 

~ 

RcDlieate hbontorv  Control SmnDIlc R d t d l t  
'Data Qualify 

LCS value Mean LCS value Objective for 
Component pCCi/ml pCi/ml RPD Duplicates Comments 

Uranium-234 (LCS#I) 2.68 3.0 I I  20 
Uranium-234 (LCS#2) 2.59 3.0 15 20 
Uranium-235 NP NP - 20 
Uranium-238 (LCS#I) 2.91 2.9 0.3 20 
Uranium-238 (LCSY2) 2.41 2.9 .I8 20 
Radium-226 (LCS# I) 2.97 3.2 7 20 
Radium-226 (LCS#2) 2.78 32 14 20 
Radium-228 (LCS#l) 2.08 2.1 I 20 
Radium-228 (LCS#2) 2.48 2.1 I7 20 
Irad.210 3.43 3.6 5 20 
PoloniumJIO NP NP - 20 
Thorium-228 NP 0.0 - 20 
Thorium-230 6.12 7.3 17.6 20 
Thorium-232 NP NP - 20 

J- 
Dm wry 

Uranium-232 Radium-226 Radium-228 Led-210 Pe209 Thorium-229 objective for 

Labontory Rsagcnt Blank 38' 97 39. NR 13 3.0 50-150 
Laboratory COnVDl Smpk ( U I 2 )  68 %.98 37.19' NR 22 31 50-150 
Field Reagent Blank 33. 97 39. NR 29 6.0 50-ISO 
I -PWAN-STACK 28. 100 54 NR 22 6.0 50-150 
3-PWAN-STACK 31' 93 51 NR 19 4.0 50-150 
S-PM/AN-STACK 40. 100 55 NR 20 I I  50-150 

.- 

p 

hprcrod McnrUlTd D.ra Quality 
value value Objective 

Component pCCi/ml C i m l  *A R e c o w  for LCS Comments 

Uranium-234 
Uranium-235 
Uranium-238 
Iladium-226 
Radium-228 
Lead-210 
Polonium-2 IO 
Thorium-228 
Thorium-230 
Thorium-232 

2.86 
NP 

2.91 
2.08 
3.46 
NP 
NP 
6.89 
NP 

2.86 

2.68 
NP 
2.91 
2.78 
2.48 
3.43 
NP 
NP 
6.12 
NP 

94 

102 
94 
I I9 
99 

- 80-120 
80-120 
80-120 
80-120 
80-120 
80-120 
80-120 
80-120 
80-120 
80-120 

(continued) 
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TABLE G 9  (continued) 
SUMMARY OF QUALITY CONTROL RESULTS FOR 

RADIONUCLIDES ANALYSES: SITE 118 FUEL OIL AND FLY ASH 

L m J e m B n d n i , :  

D m  Quality 
sunplc Value Dupliuls Vdus ObjcPin for 

6mponml &>a pegs RPD Dwliub COmmSnU 

Pc-2210 1.70 1.SO IZ5 20 
Fi-210 17.80 16.70 6.4 20 

10.20 15.64 42. I 20 Dar no1 meel DQJ b-226 

&pliC.I' L.bo"IOW Q&lwol s m m I e  Rnull l l l l ;  
Dau Cudicy 

LCS rnluc Mun L c s  WIYC Objsaiyc f a  
Canpavnl pCi/p E v 8  RPD hrpliub CamnenU 

Unnillm-234 (LCSII) 7.59 7.7 1.4 20 
Unniuh234 BCSPZ) 9.42 7.7 m 20 
Umniwn-238 BCSYIJ 7.66 7.9 3.1 20 
Uoniwn-238 (LCSX2) 8.86 7.9 I1 20 
R.dimZ26 2.92 3.2 9.2 20 
bdium-228 246 2 2  11 20 

3.43 3.6 4.8 20 
20 

7hm~un-zz8Rcsmi) 32.9) 35 6.0 20 
'Ihnium228(LCSY2) 33.69 3s 3.8 20 
~hori~m-232 gcsmi) 35.36 34 3.9 20 
~hori~-uz Bcsmz) 32.9 34 3.3 20 

Lead-210 
P0l&um2I0 0.262 0.280 6.6 

Jn SI S o i b  Rccovnin: 
DaU 

Sample m WRccovcry Spika 
~~~~~~ ~ ~~~~ Unni-232 ~~ Radium226 Wmr.228 Lead-210 P0.209 Thorium229 0bjsaiycf.1 

Labonmy R q m l  81a& (#1.2) 5936 91 44' 46' 33' 47*,4I. so-I50 
LAb0nlm.y ConMl Sunpls (U1.2) 8239. 91 43. 79 42. 65.19. 50-1%l 
Fvcloil 1120 54 92 54 S8 28' 66 50-150 
Fusl oil 1RI 51 94 s3 74 24. 68 so-150 
FWI oil im 51 93 S6 w 25. 4 Y  50-150 
Fly ash cnnporils 1RI-LR7/93 31' 80 48. 45. 24. 47. 50-IS0 

Libontorv Conlml S.mde kg& 

-d M d  Dab QuliIy 
v.1- Vdus objsstivs 

Comwnmt Kiln K > P  KR- for L c s  c m m u  

Unni-234 (oil) 8.2 739 93 80-120 
Unnita-234 (ash) 8.2 9.42 115 80-120 
Un&-238 (oil) 8.2 7.66 93 80-120 
Unni-238 (uh) 8.2 8.86 108 80-120 
Ldiwn-226 2.973 292 98 80-120 
Kadiwn-228 2.08 2.46 118 80-120 
Lead-210 3.460 3.43 99 80-120 
Polonium-210 0.253 0.262 104 80-120 
Thorium-228 (oil) 35 32.95 94 80-119 
'lhonum.228 (.*) 35 33.69 96 80-120 

3s 35.36 101 80-120 
35 32.90 94 80.120 

Thorium-232 (oil) 
'lhotium-232 (I*) 

Do Not Cite or Quote 



TABLE G10 
SUMMARY OF QUALITY CONTROL RESULTS 

SITE 118 ESP INLET ANTI STACK 
NICKEL SPECIATION ANALYSES 

Samnlc Dunlicatc ResultrdA-Ni-JN: 

Samole filtcg 
Data Quality 

Sample value Duplicate value ObjCaives 
Nickel form %Distribution %Distribution RPD for Duplicates Comments 

Soluble 39.2 38.8 1 .o 
Sulfidic 10.2 8.3 21 
Metallic ND <I ND 4 NC 
nvidir 50 7 52 9 4.2 

IO 
IO D o s  not meet DQO 
IO 
IO 

-, 
Data Quality 

Expected Value Measured Value Objective for 
Nickel form UE UK Yo Rccovny Spikes 

Soluble 9.9 8.9 90 75-125 

Notes: 
NC: not calculated for species that were not detected 
RPD: Relative P m t  Dflerencc 

Preliminary Do Not Cite or Quote 



TABLE Gll 
SUMMARY OF QUALITY CONTROL RESULTS FOR 

TOTAL AND HEXAVALENT CHROMIUM ANALYSES 
SITE 118 STACK 

Samplc Duplicuc 
value value 

DIU Quality 
Obisaivc for 

RPD h;plicltcr cmrmanr 
3.5 IO 

LCS-Niuidfilter -on 0.856 0.876 2.3 IO 
6.5 IO 

Murix SpikflaOH 34.95 34.79 0.5 10 

Chrmium (VlY I0Cr-C-NaOH 0.3931 0.4413 12 IS 
NaOH fnaim I 1Cr-C-NaOH 0.7594 0.7553 0.5 15 
(L.b#l) 12-CrC-N.OH 0.0814 0.0951 16 IS OOerrmmenDQo 

J3CrE-NaOH NDCO.35 NDC0.35 NC IS 

d y t e  Sample ID w W d  

(L.b#1) 
Tnrl chromium LCS-NaOH fnaion 9.27 9.60 

Blank Mauix Spke 45.37 42.53 

ndd 

12.8 
7.38 
6.56 
8.27 
7.58 

876 

5.25 

Y. Rcmvrry 

64.0 
73.8 
65.6 
82.7 
75.8 

t7.6 

105.0 

~= . 
75-125 

80.120 

cJl111 ICV 
ccv a1 
ccv 112 

ccv 111 
ccv #2 

calf43 ICV 
ccv 

(Lab#l) ICV 

ca1112 ICV 

Total ChmmiumRJivic inre di filter hurion: 

CCVUl 
ccv a2 
ccv 113 

Chmmium(VIY Q c # l  
NaOH fraction. QC 112 
(L.b#2) Qc #3 

Qc 114 

I0.W 
10.00 
10.00 
10.00 
1O.W 
10.00 
10.00 
10.00 

loo0 
JW 
500 
5 0 0  

2.00 
2.00 
2.00 
2.00 

10.430 104 
10.680 I07 
9.420 94 
9.830 98 
9.760 98 
9.720 97 
9.960 100 

' 10.060 101 

1020 102 
543 I 09 
535 107 
525 IO5 

2.04 102 
2.14 107 
2.00 100 
1.98 99.0 

90-110 
90-110 
90-110 
90-110 
90-I10 
90-110 
90-110 
90-110 

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

95.105 
95.105 
95-105 
95-105 

Do Not Cite or Quote 



TABLE GI2 

METAL8 BY ICP-AB$ GFMS AM) CVMS IN FUEL OIL 
BUMMARY OF QWALIN CONTROL RESULTS mn 

Msplr  
n- 

11 
w 
w 
w 
w 
w 
w 
w 
w 
61 
w 
w 
w 
Io 
w 

- 
splz 

y- 

I4 
w 
w 
43 
w 
w 
w 
61 
w 

w 
w 
44 
n 
w 

n 

R m  
Y 

9.3 
1s 

Nc 
7.4 

la 
1 
26 
Nc 
37 
0.6 
Nc 
Nc 
11 

m 

a9 

mppIc*objDstir - 
faapltrpl 

10 
10 
IO 
10 
10 
IO 
10 
10 
10 
10 
IO 
10 
10 
10 
10 

Preliminary Do Not Cite or Quote 
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TABLE GI1 
SUMMARY OF QUALITY CONTROL RESULTS FOR 

METALS BY ICP-AES, GFAAS AND CVAAS M FUEL OIL 

I01 
104 
93 
100 
IM 
103 
106 
94 
I06 
101 
97 
102 
101 
Irn 
101 

106 
IM 
93 
101 
1M 
102 
IOl 
9l 
106 
9) 

97 
I02 

101 
101 

- 

-pluli* 
W m i W  
fam 
90.110 
90.110 
90.110 
90.110 
90.110 
90.110 
90.110 
90.110 
90.110 

90.110 
90.110 
90.110 
90.110 
90.110 

loim 

Preliminary Do Not Cite or Quote 



TABLE G13 
SUMMARY OF QUALITY CONTROL RESULTS FOR 
SITE 118 FUEL OIL METALS ANALYSES BY INAA 

Dudicate Analvsis Results: 

Fuel Oil 1RO 

Sample Value Duplicate Value RPD Data Quality Objstivc 
Element ug/g ug/g 46 for Duplicates commts 

I \ rscniC 0.10 0.077 26 
chromium 0.16 0.17 6.1 
cobalt 1.5 1.5 0.0 

0.0035 NP - Mernuy 
Molybdenum 0.080 0.079 1.3 
Sclenium 0.081 0.087 7.1 

IO DoanotmeetDQO 
10 
10 
10 
10 
10 

Preliminary Do Not Cite or Quote 



TABLE G14 
SUMMARY OF QUALITY CONTROL RESULTS FOR 

ULTIMATE ANALYSIS OF FUEL OIL 
SITE 118 

Sample Duplicate RPD for Duplicates ParSMta 

Cuban 69.31 68.52 1.1 10 

4.77 4.% 3.9 10 

0.59 0.56 5.2 10 
7.43 7.48 0.7 10 

0.87 0.99 12.9 10 DocsnotmcctDQo Hydrogen 

Drys& 
N i h u p  

UOiSlUIC 

Dry Bhdlb 
9.97 

11868 
10.23 
11892 

2.6 
0.2 

10 
10 

Value. BhJlb Value. Bhdlb ./. Ramray 
Hcatlng Value- 23810.92 23810.42 100.0 

Preliminary 
~ ~~ 
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TABLE G-15 
SUMMARY OF QUALITY CONTROL RESULTS FOR 

CHLORIDE, FLUOkIDE AND SULFATE IN 
SITE 118 ESP FLYASH 

Composite 1/21/-3/27/93 

Duolieate Analvsis Results: 

Data Quality 

mg RPD for Duplicates 
Sample Duplicate Objcclive 

Anion mg 

Chloride ND C250 ND c250 NC 
Fluoride ND C2.5 ND C2.5 NC 
sulfate 140,000 143,000 2 

15 
15 
15 

SDike Analvsis Results: 

Data Quality 
Mamixspike Objective 

Anion % Rumvery for Spikes Comments 

Chloride 129 80-120 Docs not meet DQO 
Fluoride 55 80-120 Docs not meet DQO 
Sulfate 118 80-120 

Laboratow Control Standards Results: 

Initial Continuing Data Quality 
Calibration Calibration Objective Comments 

Anion % Recovery % Recovery for LCS 

Chloride 100 96.5 95-105 
Fluoride 96.6 97.2 95-105 Does not meet DQO 
Sulfate 102 99.5 I 95-105 

NC: Not calculable 
RPD: Relative Percent Diflerence 
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TABLE C-16 
SUMMARY O F  QUALITY A S S W C E  RESULTS FOR 

METALS BY ICP-AES, GFAAS AND CVAAS 
IN SITE 118 ESP FLYASH 

1 
E l m 1  Mahod 

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 ~ 

61.6 65.2 
96.8 102 
2.6 2.7 
4.1 3.7 
119 106 
718 '129 
115 199 
246 269 
a12 I88 

ND C0.1 ND cO.1 
130 125 

19500 19800 
ND C5 ND C5 

237 230 
22600 22800 

RPD 
Ye 

2 
5 
4 
10 
12 
2 
8 
9 
17 

NC 
4 
2 

NC 
3 

- 1  

Blank M a i G x S ~ i k c  

Arwnic 
Barium 
&yllium 
Cadmium 
Chmmium 
Cobah 
Copper 
Lead 
Mnnganar 
M-V 
MolyMmurn 
Nickel 
Selenium 
PhaphoNS 
Vanadium 

Noia: 
RPD. Rclaiivc Perm1 Di5mc-e 

NP 
109.3 
101.8 
124 

lOI.5 
101.4 
103.6 
102.8 
102.1 
106.4 
101.8 
105.3 
98.9 
97.9 
100.9 

NP 3.1 
139.1 0.1 
98.4 0.8 
94.2 0.2 
94.1 2.8 
88 1.6 

95.8 0.7 
104.7 10.6 
103 0.5 

101.6 5.1 
92.1 4.0 
89.4 2. I 
88 1.6 
99 1.2 

92.8 1.3 

10 
IO 
IO 
IO 
10 
IO 
IO 
IO 
IO 
IO 
10 
10 
IO 
IO 
IO 

COmmmll 

D o n n o l m m W O  

10 
10 
10 
IO 
IO 
10 
10 
IO 
10 
IO 
IO 
IO 
IO 
IO b i l  for Replicate 113 
IO 

Preliminary Do Not Cite or Quote 
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TABLE G-l6(continurd) 
SUMMARY OF QUALITY ASSURANCE RESULTS FOR 

METALS BY ICP-AES. G F M S  AND CVAAS 
IN SITE 118 ESP FLYASH 

A- 
Rt-digaim 
Blmk Spike 
K R c s v n y  

NP 
124 
100 
109 
98 
95 
100 
104 
103 
107 
97 
97 
93 
98 
97 

Labonlow Check Sundmrds Rnulb: 

.Initial 
Calibntim 
% Rccovny 

94.6 
99.2 
96.5 
101 
I 03 
103 
102 
99.0 
103 
106 
100 
106 

96.0 
96.5 
99.0 

M g a i m  
Sunple Spike 
% Recovery 

58 
62 
71 
96 
NU 
N U  
NU 
NU 
N U  
101 
NU 
N U  

0 
93 

N U  

Pondignlim 
sample spike 
K Rcmvay 

NU 
17 
91 
108 
'91 
91 
101 
I 3  
92 
NP 
91 
86 
101 
NP 
79 

Continuing Cdibntion 
%Rsovay 

110.0 NP 
99.6 98.0 
92.3 91.8 
103 104 
100 101 
98.6 98.5 
101 99.0 
101 99.4 
103 103 
I06 101 
96.8 96.4 
I O 1  103 
105 NP 
105 109 
95.3 95.4 

F'rcdigenim ~ i k c  dm MI mq( DQO 
Rr M d  poa .+kc do MI mq( DQO 
Redigaim Qikc docs MI met DQO 

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 
75-125 
75-125 

Pondigsaim .p*c does m mu3 DQO 

F'rcdigdm spike dm MImol DQO 

D.u @din, 
Objeaive 
for Lcs 

90.110 
90-110 
90-110 
90-110 
90-110 
90-110 
90-110 
90-110 
90-110 
80-120 
90-110 
90-110 
90-110 
90-110 
90-110 

NP: Not p r f d  
NM: Not Mcmingful. spike level to low to UYII reeovny accurately. 
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TABLE G 1 7  
SUMMARY OF QUALITY CONTROL RESULTS FOR 

SITE 118 ESP FLYASH METALS 
INAA ANALYSIS 

Dunlieate Analvsis Results: 

Comwsite 1/21-1/27/93 

Sample Value Duplicate Value RPD Data Quality ObjCaive 
Element ug/g up/p % for Duplicates Comments 

Arsenic 50 50 
Barium 430 440 
Chromium 100 140 
Cobalt 690 730.00 
Molybdenum 54.0 43 
Mercury ND G.15 ND a 2 2  
Selenium 43 53 

Laboraton Check Standard Results 

NIST SRM 1571: 

~ ~~~~~ 
= 

Reference Measured 

0.0 
2 

33.3 
5.6 
23 
NC 
21 

10 
10 
10 
10 
10 
10 
10 

-~ ~ 

Does not meet DQO 

Does not meet DQO 

Does not meet DQO 

Value Value Rcmvery Data Quality Objective 
Element up/g up/g % for LCS Comments 
Arsenic 10 11 110 90-110 
Barium 44 48 109 90-110 
Chromium 2.6 2.9 112 90-110 Does not meet DQO 
Manganese 91 93 102 90-110 
Mercury 0.155 0.14 90 90-110 

Note: Mercury check standard mulf is for SRM 1633A 
RPD: Relative Percent Difference; not calculated for not detccted values 
ND: Notdetected 
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H-1 

APPENDIX H 

ANALYTICAL AND BLANK CORRECTION DATA 
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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. All 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 

Amount of blank correction ] 
i 

n 

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 92 -%loo + - x 1 o o  + 1 x 1 0 0  
120 59 45 

3 

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

3 

or 14.6% 

Blank corrections in no case bring the sample value below the reporting limit. Tables in this Appendix 
include: 

Table H-1 

Table H-2 

Table H-3 

Trace Metals Analytical Results Summary 

PAH Analytical Results Summary 

PCB Analytical Results Summary 
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Table H 4  

Table H-5 

Table H-6 

Table H-7 

Table H-8 

Table H-9 

Table H-10 

Table H-11 

Table H-12 

Table H-13 

Table H-14 

~ 

PCDDPCDF Analytical Results Summary 

VOC Analytical Results Summary 

Formaldehyde Analytical Results Summary 

Particulates Analytical Results Summary 

Anions Analytical Results Summary 

Radionuclides Analytical Results Summary 

Chromium Speciation Analytical Results Summary 

Nickel Speciation Analytical Results Summary 

Fuel Oil Analytical Results Summary 

ESP Flyash Analytical Results Summary 

Summary of Blank Corrections Made to Analytical Data 
~ ~ 
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TABLE H-6 
FORMALDEHYDE ANALYTICAL RESULTS SUMMARY 

SITE 118 ESP INLET AND STACK 

Sample I.D. INLFI, ug STACK. ug 
Field Blank Sample FieldBlank sample 

5A-FORM 
mFORh4 
sc-FORM 

1.48 1.09 4.38 0.74 
4.26 1.22 4.99 1.13 
1.81 0.56 1.97 1.02 

AvcragcBlanL Inlet: 0.Wh 
C o d o n  Conuibution: 

Preliminary Do Not Cite or Quote 
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g % z %  
0 0 0 0  

z z s z  
0 0 0 0  

a 

s r a 5  
0 - 0 0  
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TABLE H-10 
CHROMIUM SPECIATION 

ANALYTICAL RESULTS SUMMARY 
SITE 118 STACK 

Analyte Fraction Sample ID. ug/sample 

(Labs #1 and #2) Method Blank #2 ND <0.20 
Chromium (VI) NaOH Method Blank #1 ND <0.40 

10-Cr-C 0.588 
11-0-C 0.802 
12-cr-c 1.38 
13-cI-c 0.49 

Total Chromium 
(Lab #1) 

Total Chromium 
(Lab 

NaOH 

FilterRIN03 

Method Blank ND i 1  
10-cr-c 0.59 
11x1-C 0.80 
12-cr-c 1.38 
13-Cr-c 0.49 

Method Blank N r 4  
IO-Cr-C 4.2 
1 1 -Cr-C 8.7 
12-Cr-C 4.19 
13-cI-c 2.41 

Notes: 
Hexavalent chmrnium results are averages of the values obtained from the 
two 1aboratoriesThe method blanks are identified by labs #1 and #2. 
Lab #1 performed the total chromium analysis. 
Total chromium and chromium (VI) results are not blank corrected. 
ND: NotDetected 

Preliminary Do Not Cite or Quote 
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TABLE H-11 
NICKEL SPECIATION ANALYTICAL RESULTS SUMMARY 

SITE118ESPMLET 

-. . 
Tal N a  FENI-IN M-WIN SEN" 1OA-I" l0B" 

M w  o l N W  QO in4bh.r smrwlc-s 
E&&S €aki& lL?.Ew E#itms +m-MS 

sdubk ND< 1.0 76.4 161.0 86.0 102.8 
sul6dL ND< 1.0 113 36.0 17.0 16.8 

chid* NDClLQ LPL? llLp u.96 

S m ~ ~ k F b S u t - T d u g  NDc4.0 1969 391.5 247.5 m.6 

Mdlk ND< 1.0 N D C  20 ND< 1.0 ND< 1.0 6.4 

Tow NI b - -(kcllam. 91i 0.0 3399 0.0 0.0 lz11.0 

p 

~ . b o v s  79.0 36.0 31.0 - 21.0 1.9 5.9 - ND< 1.0 6.0 ND< 1.0 - m z1p 44.Q 

N D C  125% 38.8% 37.5% 34.5% . 34.9% 
NLlC 125% 93% 0.9% 73% 5.9% 
ND< 125% ND< 1.0% ND< 03% 22% 20% 
ND< 125% 51.4% 53.4% %.I% 573% 
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TABLE E-11 (CONTINUED) 
NICKEL SPECIATION ANALYTICAL RESULTS SUMMARY 

SITE 118 STACK 
~ 

Tal No. FE-NdTK 8B-Ni-STK IOA-Ni-STK U-NISTK 

Fr-ofN ickel on Filter. P% 

Soluble 3.1 18.7 40.2 16.2 
sul6dic 1.6 2.0 5.2 2.1 
MaalliC ND< 1.0 ND< 1.0 ND< 1.0 ND< 1.0 
(hrklic ra 62 Ed LE 

.- 
T0rrlMn1.u~ 63 273 64.3 26.6 

P crccnt Distribution of Nickel Pblsa on Filter, 

Soluble 
SUl6diC 
Msauic 
Oxidic 

49.2% 68.0% 625% 60.9% 
25.4% 7.3% 8.10% 7.% 
15.9% ND 3.6% .ND < 1.6% ND 3.8% 
17.5Yo 22.9?? 28.6% 29.3% 

J+’ic&l in Aretone r i n s  ND 4 . 0  ND< 1.0 ND< 1.0 ND< 1.0 
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TABLE E-12 
FUEL OIL ANALYTICAL RESULTS SUMMARY 

SITE I18 

Average 

Run No. I No. 3 No. 5 Laborator, Blank Correction 
Sample Date IR0/93 1R1193 1/22/93 Blank Contribution 

Trace Mctihu& 
(ICP-AES. GFAAS. CVAASl 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromium 
Cobalt 

Lsad 
M m p x  
Mercury 
Molybdenum 
Nickel 
S e I en i u m 
Phorphoms 
Vanadium 

Copper 

. .... 

(INAA) 
A m i c  
Chromium ~~ 

COball 
Mercury 
Molybdenum 
Selenium 
Chlorine 

0.27 
0.42 

0.008 
ND 4.007 

0.10 
0.79 
0.29 
0.27 
0.17 

ND 4.091 
0.13 

19 
ND 4.007 

ND 4 
23 ...................................... 

ND 4 . 2 5  
0.44 

0.008 
ND 4.007 

0.11 
0.83 
024 
029 
0.16 

ND 4.087 
0.11 

25 
ND 4.007 

8.4 
26 

0.10 0 2 6  
0.16 ~ 27 

1.5 2.2 
0.0035 0.0047 

0.08 4 
0.081 NP 

56 54.5 

.~~~ 

ND 4 . 2 3  ND 4 . 2 5  
0.3 1 ND 4 . 0 1  

0.006 ND 4.003 
ND 4.006 ND 4.W 

0.08 ND 4.01  
0.59 ND a . 0 2  
0.19 ND 4.01 
0.19 ND 4.004 
0.09 ND ~ 9 . 0 2  

ND 4.074 ND a.10 
0.M ND 4 . 0 2  
I7 ND 4.04 

ND 4.006 ND 4.006 
5.3 ND 4 
16 ND 4.01 

0.097 

1.3 
0.0037 
0.072 
0.094 

52 

0.15 ~ 

0.0% 
0.0% 
0.0% 
0.0% 
0.0% 
0.0% 
0.0% 
OPh 
0.0% 
0.0% 
0.0% 
0.M 
0.0% 
0.0% 
0.0% 

(continued) 
NP: Not performed 
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TABLE H-12 (continued) 
FUEL OIL ANALYTICAL RESULTS SUMMARY 

SITE 118 

No. 1 No. 5 Nos. 10, 1 1  
1/28/93 

Run 
Sample Date 1120193 1/22/93 

UltimatelProximate: 

% Carbon 
%Hydrogen 
% Nitrogen 
Yo sulfur 
% Ash 
%Water 
% Oxygen 

Other Darameters: 
Fluorine, u@g 
Specific Gravity @I 6OF 
Heating Value, BNnb 

86.7 
10.89 
0.49 
0.7 
0.06 
0.85 
0.31 

ND <20 

18711 

87.53 
10.27 
0.46 
0.82 
0.06 
0.84 
0.02 

ND Q O  

18,883 

86.66 
9.99 
0.47 
0.72 
0.07 
0.84 
1.25 

NP 

18,674 

Np: Notperformed 
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TABLE H-12 (continued) 
FUEL OIL ANALYTICAL RESULTS SUMMARY 

SITE 118 

UrMium.233 & -234 
UrMiUm.233 
Uranium238 
R.dium.226 
Radium228 
Lad-210 
Polonium-210 
Thorium228 
Thm’um230 
Thorium-232 

0.01 
NDC NA 

0.04 
NDC NA 

0.01 
NDC NA 
NDC NA 

0.03 
NDC NA 

0.02 

NDC 0.003 
NDC 0.003 
N I X  0.003 

0.02 
0.04 
0.06 

NDC 0.03 
0.02 

Mx 0.01 
NDC 0.004 

NDC 0.006 
NDC 0.003 
NDC 0 . W  

0.01 
0.04 

NI% 0.0001 
NDC 0.11 

0.M 
0.01 

ND< 0.001 

NDC 0.002 
NDC 0.Oot 
NDC 0.001 

0.01 
0.02 
0.04 

NDC 0.14 
0.01 
0.02 

NDC 0.001 
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TABLE H-13 
ESP FLYASH ANALYTICAL RESULTS SUMMARY 

SITE 118 

Composite 1R1193-1R7193 AvcrageBlank 
Laborstory Laboratory Correction 

Sample Date Replicate #I Replicate #2 Replicate #3 Bhnk (# 1) Blank (#23) Contribution 
Trncc Metals. ud& 

(ICP-AE$GFAA$ CVAAS) 
Alpcnic 39 60 54 ND 4.005 ND c5 0.0% 
Barium 10 97 100 ND 4.01 35 24% .- 
Beryllium 7.6 2.6 2.7 ND 4.002 0.4 4.9% 
Cadmium ND 4 . 5  4.1 3.7 0.082 ND 4 . 5  0.0% 
Chromium 110 120 110 5.3 2 2.8% 
Cobalt 670 720 730 ND 4.018 NDQ 0.0% 
C o p w  I80 220 200 0.02 ND <I  0.0% 
Lead 340 250 2370 ND Q.5 ND 0 0  0.0% 

Mercury N D 4 . l  ND 4 . 1  ND 4 . 1  ND 4 . 1  ND 4 . 1  0.0% 
Molybdenum I10 130 130 0.12 ND <I  0.0% 
Nickel I8.000 20,000 20,000 ND 4.032 4 0.0% 
Selenium ND 4 . 0 5  N D e  ND-3 ND 4.005 ND c5 0.0% 
Phosphorus 1.600 1.600 1.700 ND-3 ND <S 0.0% 
Vanadium 20 ooo 23 000 23 000 ND4.01 IO 0.0% ........................... ~ ".? ...... "_" ....... L.." _---... L ..__._" ........................... ~ ................. 
(INAA) 
h n i c  so 50 60 0.0% 
Barium 430 440 550 0.0% 
Chromium 100 140 115 0.0% 
Cobalt 690 730 800 0.0% 
Mercury N D 4 . 1 5  ND 4.22 NR 0.0% 
Molybdenum 54 43 60 0.0% 
Selenium 43 53 30 0.0% 

Manganese 170 220 190 ND 4.015 79 26% / 

.................................................... . ._- ........._.._ ............................. ............................................ 
Anions. u& 
Chloride ND a 5 0  NDC100 ND 400 ND 4 5 0  NR O.G% 
Fluoride m Q.5 NDO NDO ND Q.5 NR 0.0% 
Sulfate 140.000 250,000 250,000 ND0oooo NR 0.0% 

Notes: 
Replicates 2 and 3 WE submitted for analysis at a later dsrC than repliurte 1. For h i s  w n ,  there are sets of 
laboratory blanks. Detected values in the laboratory blanks were subtracted from the w m p o n d i n g  samples. 
*Laboratory blank not reported by the laboratory. 
NR: Nor reponed 
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TABLE H-13 (CONTINUED) 
ESP FLYASH ANALYTICAL RESULTS SUMMARY 

SITE 118 

Laboratory FLYASH COMPOSITE (2) 
Blank (1) IRO-lIU 

Radionuclide pcug pcug 

Uranium-233 & -234 
Uranium-23s 
Uranium-238 
Radium-226 
Radium-228 
Lad-210 
Polonium-210 
Thorium228 
Thorium-230 
Thorium-232 

0.04 
NJX NA 

0.02 
NJX NA 
NJX NA 
NJX NA 
NLX NA 
mNA 

0.02 
0.02 

4.0 
0.1 
3.0 
1.7 
2.5 
18 
16 
9.0 
2.9 
0.3 

( 1 )  No blank comtions were made to sample results. 
(2) The fly ash collected for R e  1.3 .  and> WBS compsicd ~~ and analyrcd I L ~  a single ~~ m p l e .  
NA Not Available 

~ 

~~~~~ 
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TABLE H-14 @age 1 of 5) 
SUMMARY OF BLANK CORRECTIONS 

MApE TO ANALYTICAL DATA 
SITE 118 

Typc ofBlmk BLnlr MOD 
S.mlc 'Twc P."- CaImirn Contributim 

Eduw G 4  lnln 

0.0% 
9.4% 
0.0% 
0.0% 
0.0% 
0.0% 
6.7% 
33% 
0.0% 
81% 
0.0% 
0.0% 
0.0% 
0.0% 
0.0% 

16.0% 
15.0% 
0.0% 
0.0% 

18.0% 
0.0% 

24.0% 
6.5% 
26% 
0.0% 
0.0% 

67.0% 
0.2% 
0.0% 
0.0% 
0.0% 

12% 
1% 

0.0% 
0.0% 
10% 

0.0% 
20x 
6.0% 
1.8% 
24% 
57% 
(1% 
0.0% 
0.0% 
0.0% 
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TABLE H-14 @age 2 of 5)  
SUMMARY OF BLANK CORRECTIONS 

MADE TO ANALYTICAL DATA 
SITE 118 

W n  
35% 
0.0% 
0.0% 
4596 
0.0% 
58% 
11% 

9.0% 
0.0% 
0.0% 
100% 
29% 
0.0% 
0.0% 
0.0% 
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TABLE H-14 (page 3 of 5)  
SUMMARY OF BLANK CORRECTIONS 

MADE TO ANALYTICAL DATA 
SITE 118 

LdyIDl5sI.J; 

E 

37% 
13% 

43% 
9.0% 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 
0.0% 
0.0% 
0.0% 
I .l% 
0.5% 
0.1% 

0.0% 
0.0% 
0.0% 
0.0% 

13.8% 
0.4% 
0.1% 

0.9% 

6.0% 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 

0.0% 
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TABLE H-14 (page 4 of 5) 
SUMMARY OF BLANK CORRECTIONS 

MADE TO ANALYTICAL DATA 
SITE 118 

T p c  of Blank Blank Correction 
Sample Typc Paramctcr Correction Contribution 

Exhaust Gas. Inlet Nickel Spciation None 0.0% 

Exhaust Gas. slack Nickel Speciation None 0.0% 

Exhaust Gas. Inlet Radionuclides None 0.0% 

Exhaust Gas. Stad: Radionuclides NonC 0.w0 

Fuel Oil ArscniC 
(ICP-AES. GFAAS, CVAAS) Barium 

Beryllium 
cadmium 
Chromium 
Cobalt 
Coppa 
Lead 
-gan- 
Macrrry 
MolywcnUm 
Nickel 
Selenium 
Phosphorus 
Vanadium 

Fuel Oil (JNAA) ArscniC 
Cadmium 
ChromiUm 
Cobalt 
MmurY 
MolyMcnum 
Selenium 
Chlorine 

NonC 
Laboratory Blank 
None 
NonC 
Labaratory Blauk 
NonC 
Laboratory Blank 
NonC 
LaboratmyBlank 
NonC 
NonC 
Laboratory Blank 
None 
NOnC 
Laboratory Blank 

NonC 
None 
None 
NonC 
None 
None 
None 
None 

0.0y0 

9.?% 
0.w0 
0.0% 
4.6% 
0.0% 
1.6% 
0.0% 

10.8% 
0.W 
0.0% 
0.7% 
0.0% 
0.0% 
0.1% 

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

Fuel Oil Radionuclides None 0.0% 

(continued) 
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TABLE H-14 (page 5 of 5) 
SUMMARY OF BLANK CORRECTIONS 

MADE TO ANALYTICAL DATA 
SITE 118 

T y p  of Blanlr BlankCorrstion 
COHCCtiOn Contribution Sample T w  P.¶HUn&I 

ESP Hopper Ash Anrnic 
(EP-AES, GFAAS, CVAAS) Barium 

Bayllilnn 
cadmium 
Chromium 
cobalt 
COP€= 
Lead 
MMBanat 
MpNly 
Molybdenum 
Nickel 
SClCIliUl 
Phosphonu 
Vanadilrm 

NonC 
Laboratmy BlanL 
Lsboratory Blnnk 
NonC 
LatmmbyBlanlr 
None 
NonC 
NOW 
LatmmbyBlanlr 
NonC 
NrmC 
NonC 
NonC 
NonC 
NonC 

0.0% 
24.0% 
4.9% 
0.0% 
2.8% 
0.0% 
0.0% 
0.0% 
2.6% 
0.0% 
0.0% 
0.0% 
0.0% 
0.0% 
0.0% 
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