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EXECUTIVE SUMMARY 

The U.S. Department of Energy is performing comprehensive assessments of toxic emissions 
from eight selected coal-fired electric utility units. This program responds to the Clean Air 
Act Amendments of 1990, which require the U.S. Environmental Protection Agency (EPA) 
to evaluate emissions of hazardous air pollutants (HAPS) from electric utility power plants 
for potential health risks. The resulting data will be furnished to EPA for emissions factor 
and health risk determinations. 

The assessment of emissions involves the collection and analysis of samples from the major 
input, process, and output streams of each of the eight power plants for selected hazardous 
pollutants identified in Title III of the Clean Air Act. Additional goals are to determine the 
removal efficiencies of pollution control subsystems for these selected pollutants and the 
concentrations associated with the particulate fraction of the flue gas stream as a function of 
particle size. Material balances are being performed for selected pollutants around the entire 
power plant and several subsystems to identify the fate of hazardous substances in each utility 
system. 

Radian Corporation was selected to perform a toxics assessment at a plant demonstrating an 
Innovative Clean Coal Technology (ICCT) Project. The site selected is Plant Yates Unit No. 
1 of Georgia Power Company, which includes a Chiyoda Thoroughbred-121 demonstration 
project. 

Site Description 

Plant Yates Unit No. 1 is a bituminous coal-fired steam electricity-generating unit with a net 
generating capacity of 100 megawatts. Located in Newnan, Georgia, the station is owned 
and operated by Georgia Power Company. The station uses a tangentially fired CE boiler 
that bums a 2.5%sulf’ur blend of Illinois No. 5 and Illinois No. 6 bituminous coals. It uses 
an electrostatic precipitator to control particulate matter, and the Chiyoda Thoroughbred-121 
process controls sulfur dioxide emissions from the entire flue gas stream. 

Process Description 

The Chiyoda Thoroughbred-121 is a second-generation FGD process employing a unique 
absorber design, called a jet bubbling reactor, to combine conventional SO* absorption, 
neutralization, sulfite oxidation, and gypsum crystallization in one reaction vessel. The 
process is designed to operate in a pH range of 3 to 5, where the driving force for limestone 
dissolution is high, resulting in nearly complete reagent utilisation. Oxidation of sulfite to 
sulfate is also promoted at the lower pH because of the increased solubility of innate 
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Executive Summary 

oxidation catalysts such as iron. Because all the absorbed SO* is oxidized, there is sufficient 
surface area for gypsum crystal growth to prevent the slurry from becoming significantly 
supersaturated with respect to calcium sulfate. This significantly reduces the potential for 
gypsum scaling. 

Sampling Locations 

Three flue gas stream locations were identified for testing: the ESP inlet, the ESP outlet 
(FGD inlet), and the stack. The solid streams sampled were raw coal, pulverized feed coal, 
pulverizer rejects, individual ESP hopper ash, and mw limestone. Samples collected as 
slurried or sluiced streams include the bottom ash, the combined ,F..SP hopper ash, limestone, 
and FGD slurry solids. The following liquid streams were sampled: ash pond water, 
gypsum pond water, ash sluice water (from the bottom ash and fly ash), FGD slurry 
blowdown filtrate, limestone slurry filtrate, coal pile run-off, and cooling water at the 
condenser inlet. 

Sample Collection 

Radian’s approach to meeting the test objectives utilized established sampling methods (where 
possible) and a sampling strategy consistent with that of the EPRJ-sponsored Field Chemical 
Emissions Monitoring (FCEM) program. t Samples were collected with the boiler operating 
within 10% of fall load, at steady-state conditions, and in triplicate over two periods of three 
days each: June 21-23 and June 25-27, 1993. 

Detection Limits 

Detection limits for the gaseous phase target metals of interest are presented in Table ES-l. 
These numbers were derived from instrument method detection limits, the volume of gas 
sampled, and the amount of solid sample that was analyzed. Data are presented for detection 
limits derived from gas samples collected from the stack. This location was chosen to 
illustrate typical detection limits, as it represents the highest level of particulate detection 
limits, due to the low particulate loading at this location. Loading at the stack averaged 
0.0145 g/Nm’, and the numbers presented in the table represent the analysis of approximate- 
ly 35 mg of particulate collected from a nominal 3 m3 sample size. 

Quality Assurance and Quality Control 

During sample collection, quality assurance audits were conducted by Radian’s internal QA 
auditor and by Research Triangle Institute, under contract with EPA. Radian’s auditor also 
conducted a performance evaluation audit by submitting “double-blind” (identity and 
composition unknown) samples to the analytical laboratories. Quality control procedures 
involved the evaluation of results for field and laboratory blank samples, duplicate field 
samples, matrix-spiked and surrogate-spiked samples, and laboratory control samples. 

Gverall, QA/QC data associated with this program indicate that measurement data are 
acceptable and defensible. The QA/QC data indicate that the quality control mechanisms 
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Executive Summary 

Table ES-1 
Detection Limits for Gaseous Phase Target Metals 

Specie Method 

Detection Lifts, pg/Nm’ 

Vapor Solids 

Antimony 

Arsenic 

Barium 

Beryllium 

Boron 

Cadmium 

Chromium 

Cobalt 

Copper 
Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

ICP-MS 0.004 0.0008 

GF-AAS 0.2 0.04 

ICP-AES 0.16 0.09 

ICP-AES 0.17 0.03 

ICP-AES 4.6 NA 

GF-AAS 0.07 0.17 

ICP-AES 0.76 0.44 

ICP-AFS 1.0 0.59 

ICP-AES 1.2 0.44 

GF-AAS 0.25 0.04 

ICP-AES 0.12 0.46 

CV-AAS 0.13 0.01 

ICP-AES 1.4 0.15 

ICP-AES 3.0 1.0 

GF-AAS 0.26 0.12 

ICP-AFS 0.72 0.66 

NA = Not analyzed, insufficient sample size. 
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Executive Summary 

were effective in ensuring measurement data reliability within the expected limits of sampling 
and analytical error. 

Plant Operating Conditions 

During sample collection, operating conditions were continuously monitored using a 
computer&d data acquisition system which logged process information as 15minute 
averages. In addition, boiler operating data were logged hourly by control room operators. 
Overall, all processes were very stable, and the key operating parameters were within the 
targeted range during the entire test period. 

Three continuous emission monitors were operated during the test period, providing data for 
sulfur dioxide, nitrogen oxides, and carbon monoxide. ESP characteristics were monitored 
by ADA Technologies, Inc. 

Analytical Results 

Samples were analyzed for trace elements, minor and major elements, volatile organic 
compounds, and semivolatile organic compounds. Analytical results have been tabulated in 
detail with 95% confidence. intervals and detection limit ratios. 

Procedures were provided by DOE for results below the detection limit, values outside the 
calibration.range, and blanks. In the detailed data tabulations, some data have been flagged; 
for example, some background contamination was encountered. 

Data Analysis: Mass Balances, Removal Efficiencies, and Emission Factors 

Emission factors, removal efficiencies, and other results rely on measurement data that are 
near the limit of detection or below it for many of the substances of interest. For that 
reason, uncertainty analyses and the calculation of confidence intervals were performed as 
part of this program. 

Following are observations as a result of the data analysis: 

l Material balances were calculated for 27 elements. Sixty-percent of these met the target 
closure objectives of 70-130% for balance around the plant. Eight-five percent met a 
closure criteria of Xl-150 percent. 

l Removal efficiencies for non-volatile particulate metals averaged greater than 98% across 
the ESP. The IBR was also effective in further reducing the emission of several metals, 
due primarily to its effectiveness as a particulate control device. 

l Emission factors have been calculated for the target trace elements and are presented in 
Table ES-2. Thirteen of these elements have emission rates of less than 10 pounds per 
billion Btu of coal. 
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Efecutive Summaty 

Table Es-2 
Emission Factors 

Anions 
Chloride 

Fluoride 

Selected Elements ’ 

Antimony 

Arsenic 

Barium 

Beryllium 
Cadmium 

Chromium 

Cobalt 

Copper 
Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Aldebydes 

Acetaldehyde 
Formaldehyde 

Volatile Organic3 ‘9’ 

Benzene 

Carbon Disulfide 

Toluene 

lb110 u Btu 95% CI 

742 647 
122 67 

0.06 0.01 
1.2 0.2 

2.8 9.9 
0.1 0.1 
0.6 2.1 
5.3 49.5 
0.7 0.8 
2.0 2.3 
0.6 0.6 
7.2 48 

3.0 0.3 
1.5 2.6 

40.1 435 
26.5 58 
2.1 0.5 

8.6 9.2 
24 36 

1.3 0.3 
2.2 1.2 
2.0 1.0 
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Table ES-2 (Continued) 

lb/l0 U Btu 95% CI 

Semivolatile Organics d 

2-Methylphenol (o-cresol) 2.9 3.8 
4-Methylphenol (p-cresol) 0.95 1.9 
Acetophenone 3.2 0.7 
Benmic Acid 120 7 
Ben@ Alcohol 2.8 12 

Naphthalene 1.5 1.0 
Phenol 9.2 8.8 

’ Run 1 particulate-phase. data were invalidated for all elements included here except arsenic, selenium, and 
vanadium due to the filter background comprising 20% or greater of the measured concentration. 

b Only those compouttds with an average concentration above the detection limit are included. 

’ Methylene chloride, acetone, and other halogen&d hydrocarbons are not included because their presence is 
strongly suspected ta he the result of contamination. 

d Phthalate esters are not included because their presence is suspected to be the results of contamination. 
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The method used to determine uncertainties in calculated results is based on “Measurement 
Uncertainty”* and is consistent with the approach to handling data used in the FCEM 
program. 

Comparison of Vapor and Particulate Composition 

Most of the substances measured at Plant Yates are distributed between the flue gas (vapor) 
and the particulate matter associated with bottom ash, collected ESP ash, ash removed in the 
FGD system, or emitted ash which exits with the flue gas through the stack. (Ihe sampling 
and analytical techniques used for organic compounds did not quantify distribution between 
particulate and vapor phases.) 

At l3S.P inlet conditions, more than 99% of most of the substances of interest are in the 
particulate phase. Exceptions are chloride, fluoride, selenium, and mercury. With these 
same exceptions, the particulate phase is the predominant phase at the ESP outlet and stack. 

Distrlbution of HAPS as a Function of Particle Size in the Flue Gas and the 
Particle Size Distribution of the ESP 

Most of the metals are removed across the ESP at a rate that is approximately the same as 
that of the total particulate. Exceptions are arsenic, cadmium, phosphorus, and selenium. 
Arsenic, cadmium, and phosphorus penetration could be due to low concentrations or to 
association with particles in the range of 0.5 to 2 Frn. The selenium penetration is thought to 
be due to sampling or analytical error. 

Mercury Methods Comparison and Speciation Determinations 

Two different methods were used to measure mercury concentrations in the flue gas. The 
Bloom mercury speciation train3 was used to measure the concentrations of individual vapor- 
phase mercury species: ionic mercury, elemental mercury, and methyl mercury. Total 
mercury, particulate and vapor phases, was measured using a multi-metals train4 

Ionic mercury appears to be the predominant species in the ESP inlet and ESP outlet gas 
streams, but ionic mercury is more efficiently removed by the scrubber. Methyl mercury 
concentrations also appear to decrease across the scrubber. 

Hexavalent Chromium Determinations 

Hexavalent chromium as well as total chromium were nondetectable in the samples collected 
after appropriate blank correction had been applied Although samples were collected as 
specified by the published method,’ it should be noted that the collection procedure for 
obtaining Cti+ samples from a flue gas matrix containing SO2 has not been validated 
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Determinations of Toxics on Particle Surfaces 

Because of the health and environmental importance of toxic substances that are found on the 
surfaces of particles and because these substances are more available to biological and 
ecological systems, a comparison between bulk composition and surface leachability was 
performed. Results have been tabulated, and some conclusions can be drawn for individual 
elements, but no overall trends are clearly evident. 

Recommendations and Considerations 

Some technical issues have been identified during this study that may warrant further 
consideration. Among these are the following sampling, analytical and/or process related 
issues: 

l Selenium sampling and analysis; 

l Mercury partitioning and speciation; and 

l Fly ash penetration of the FGD process. 

Selenium 

Selenium could not be accurately quantified throughout the process. Apparent problems were 
associated with both the collection and the analysis of selenium. Further directed study of 
selenium is recommended. Problems associated with the quantification of selenium are 
discussed in Section 8. 

Mercury was collected and analyred by both Method 296 and by the Bloom method’ which 
uses charcoal tubes for the absorption and speciation of mercury. Results obtained from 
these two methods are presented in Section 9. One of the phenomena observed is an 
apparent increase in the elemental mercury concentration across the FGD system. Another 
anomaly is the apparent enrichment in fly ash particles of mercury when collected from the 
flue gas via tiltration. These two items warrant further study and investigation. 

Fly Ash Penetration of FGD System 

The link between particle size, surface orientation of trace elements, and the penetration of 
fine particles cannot be demonstrated by comparing the extractable and total metal concentra- 
tions of the particulate emissions from the FGD system. Fly ash penetration, the mass 
contribution from sulfuric acid mist and scrubber mist soluble salts (gypsum) add additional 
variables to the assessment of air toxic emissions as a function of surface orientation. The 
following penetration mechanisms can potentially impact the analysis of the particulate 
emissions from wet scrubbers: 
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l Direct penetration of the fly ash; 

l Capture of the ash particles in the scrubber liquor and m-entrainment during recycle; 

l Entrainment of scrubber-generated solids; 

l Evaporation and penetration of scrubber mist as soluble salts; and 

l Condensation and recovery of sulfuric acid mist as particulate. 

Controlled condensation test methods should be used in future test efforts for measuring 
sultinic acid emissions apart from gypsum, and SO2 artifacts. The analysis of tracer 
elements associated only with the coal ash may be warranted to determine ash penetration 
and dilution from scrubber solids. Analysis of size-fractionated particulate emissions could 
potentially identify the predominant size ranges associated with individual components. 

Test efforts to quantify the relative contribution of each phenomenon to particulate emissions 
may be of interest to those considering wet scrubbers for the control of air toxics as well as 
SO*. This data would provide a basis of comparison between the surface extractability of the 
dry ash entering an FGD system and the particulate emissions downstream. 
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INTRODUCTION 

Background 

The U.S. Department of Energy is performing comprehensive assessments of toxic emissions 
from eight selected coal-fired electric utility units. These data are being collected in 
response to the Clean Air Act Amendments of 1990, which require that EPA conduct a study 
of the emissions of hazardous air pollutants (HAPS) from electric utility power plants, and 
these emissions be evaluated for potential health risks. The data will be compiled and 
combined with similar data that are being collected as part of the Field Chemical Emissions 
Monitoring program’ sponsored by the Electric Power Research Institute (EPRI) and will 
then be furnished to the U.S. Environmental Protection Agency for emissions factor and 
health risk determinations. 

The assessments of emissions involve the collection and analysis of samples from the major 
input and output streams of each of the eight power plants for selected hazardous pollutants 
contained in Title III of the Clean Air Act. Additional goals of these assessments are to 
collect data from the selected plants that may be helpful in characterizing removal 
efficiencies of pollution control subsystems for these selected pollutants and to determine the 
concentrations associated with the particulate fraction of the flue gas stream as a function of 
particle size. Material balances will be performed for selected pollutants around the entire 
power plant and various subsystems to determine the fate of hazardous substances in each 
utility system. 

Radian Corporation was selected to perform one toxics assessment at a plant demonstrating 
an Innovative Clean Coal Technology (ICCT) Project. The selected site is the Plant Yates 
Unit No. 1 of Georgia Power Company, which includes the ICCT CT-121 demonstration 
project. 

Objectives 

The specific objectives of this project are: 

l To collect and subsequently analyse representative solid, liquid, and gas samples of all 
specified input and output streams of the Plant Yates, Unit No. 1, including the CT-121 
flue gas desulfuriration system, for selected hazardous air pollutants that are contained in 
Title III of the 1990 Clean Air Act Amendments and to assess the potential level of 
release (concentration) of these pollutants; 
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l To determine the removal efficiencies of specified pollution control subsystems for 
selected pollutants at Plant Yates Unit No. 1; 

l To determine material balances for selected pollutants in specified subsystems of the 
power plant and an overall material balance. for the power plant; 

l To determine the concentration as a function of particle size of the respective pollutants 
associated with the particulate fraction of the flue gas stream of Plant Yates Unit No. 1; 

l To determine the concentration of the respective pollutants associated with the particulate 
and vapor-phase fractions of the specified flue gas streams of Plant Yates Unit No. 1; 

l To determine the concentrations of toxic substances on the surfaces of fly ash particles; 

l To provide data for EPA for use in risk assessments and in updating publication AP-42*; 

l To determine hexavalent chromium stack emissions; and 

l To compare Method 293 vapor-phase mercury results with those obtained via charcoal 
absorption. 

Table l-l lists the chemical~substances analyzed during this project. 

Emission factors, removal efficiencies, and other results rely on measurement data that vary 
and/or may be near the limit of detection or below it for many of the substances of interest. 
This report includes uncertainty analysis and confidence intervals in order to assess the 
quality of the data. 

Auditing 

During the field sampling program conducted at Plant Yates in June 1993, quality assurance 
audits were conducted by Radii Corporation’s internal QA auditor as well as by Research 
Triangle Institute, under contract with the U.S. Environmental Protection Agency. 

Radian’s audit was conducted with the purpose of providing an objective, independent 
assessment of the sampling effort, ensuring that the sampling procedures, data generating, 
data gathering, and measurement activities produce reliable and useful results. The audit 
provided a review of calibration documentation, documentation of QC data, completeness of 
data forms and notebooks, data review/validation procedures, sample logging procedures, 
and others. 
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Table l-l 
Target AnalyWs 

Trace Elements 
Antimony Boron 
/bsenic codmiom 
Barium chromillm, total 
Beryllium cohdt 

Radiomlclidg 

Hexavaknt Chrmnilrm 

Mercury S+tioa/Comparison 

Anions 

chloride (HCl) 
Fluoride @IF) 
Sulfates 
PhOSphntes 

Reduced Species 
Ammonia 
Cyanide 

Formaldehyde 
DiOXbS 
FUkUlS 

Volatile olganies 

Benzene 
Bromofonn 
Carbon Disulfide 
Carbon Tetrachloride 
ChlOrohe~e. 
Chloroform 
1,4-DichlomWe 
cis-1,3-Dichloropmpenopene 
trans-1,3-Dichloropmpene 
Ethyl B-e 
Ethyl Chloride (Chlomethane) 
Ethylene Dichloride (1,ZDichlomethane) 
Ethylidea Dichloride (1, I-Dichlomethane) 
Methyl Bromide (Bmmomethane) 
Methyl Chloride (Chloromethane) 

Copper Molybdenum 
Lead Nickel 
MSIlgiULZ% Selenium 
MePXlIy Vanadium 

Methyl Chloroform (1 , 1, I-Trichloroethane) 
Methyl Ethyl Ketone (ZButanone) 
Methylene Chloride (Dichloromethane) 
Propylene Dichlotide (1,2-Dichloropropane) 
styme 
1,1,2,2-Tetrachloroethane 
Tetrachloroethene 
Toluene 
1,1,2-Trichloroethane 
TliChlORdheIle 

Vinyl Acetate 
Vinyl Chloride 
Vinylidene Chloride (1, I-Dichloroethene) 
m,p-Xylene 
o-Xylene 
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Table l-l (Continued) 

Semivolatile Orgmia 
AceDaphthWE. 
Acsnaphthylene 
Acetophenooe 
4-Amioobiphmyl 
Aniline 
Anthrpcene 
Be&dine 
Benzo(a)antbracae 
Benzo(olPYt=e 
Benz@)fluorantbene 
Benz&h,i)peryleae 
BenzoQflUOrPnthene 
Benmic Acid 
Bay1 Alcohol 
4-Bromophenyl Play1 Ether 
Butylbeo@phtbalate 
4-Chloro-3-Methylpheool 
p-chloraniliie 
bis(2-Cbloruethoxy)metbthnne 
bis(2-Cbloroethyl)eJher 
bis(2-Cbloroi.sopropyl)ether 
l-C!blorooaphthaleae 
2-cbloronaphtbalene 
2-chloropbeool 
4-Chlorophenyl Phenyl Ether 
Chry=e 
bis(2-Ethylhexylfate 
Fh80rPnthelle 
FlWXeJK. 
HeXpchlO~beUZeoe 
Hexachlombutadiene 
Hexacblorocyclopentadieoe 
HeC%&loK&lWX 

Additional Elanents 

Ahminum Magnesium 
Calcium Potassium 
IIOU Sodium 

Inde@l,2,3-cd)pyrene 
Isophorooc 
Methyl Metbanesulfonate 
3-Metbylchlolante 
2-Methylnaphtbalene 
2-Methylphenol (ocresol) 
4-Methylphenol @-cresol) 
N-Nitroso-di-n-butylamioe 
N-Nitmsodime.thylaminmine 
N-Nitrosodiphenylamine 
N-Nitrosopmpylamine 
N-Nitrosopiperidine 
Naphthalene 
I-Naphthylamine 
2-Naphtbylamine 
2-NitmmiIine 
3-Nitroaniliie 
4-Nitroaailine 
Nitrobenzeoe 
Di-n-octylphthalate 
Dibeaz(a,h)antbmceae 
Dibenz@ j)awidiie 
Dibenzoforao 
Dibutylphtbalate 
1,2-Dichlorolwuene 
1,3-Dicblorobenrene 
1,4-Dicblorobrmcne 
3,3’-Dichlorobenzidine 
2,CDichlorophenol 
2,6-Dicblorophenol 
2,6-Dicblorophenol 
Dietbylphtbalate 
pDimetbylaminoambenzene 

Silicon 
Strontium 
Titanium 

7,12-Dimethylbenz(a)antbmcene 
Dimetbylpheoethylamine 
2,4-Dimetbylphenol 
Dimethylphthalate 
4,6-Dinitro-2-methylphenol 
2,CDinitrophenol 
2,CDinitrotolueoe 
2,6-Dinitrotoluene 
Diphenylamine 
1,2-Diphenylbydmzine 
Ethyl Methanesulfonate 
2-Nitrophenol 
4-Nitrophenol 
Pentachlorobenzene 
Pentacbloronitrobenzene 
Pentachlorophenol 
Phenacetio 
Phenanthrene 
Phenol 
2-Picoline 
Pronamide 
Pyrene 
Pyridine 
1,2,4,5-Tetrachlorob 
2,3,4,6-Tetrachlorophenol 
1.2.24~Trichlorob 
2,4,5-Tricblorophenol 
2,4,6-Trichlorophenol 
2-Fluorobiphenyl 
2-Fluomphenol 
Nitrobenzene-d5 
Phenol-d5 
Terphenyldl4 
2,4,6-Tribromophenol 

Zinc 
Uranium (coal only) 
Thorium (coal only) 
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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 indicate that the samples are well characterized. An 
evaluation of the accuracy, precision, and bias of the data, even if only on a qualitative level, 
is considered to be an important part of the data evaluation. A full discussion of each of 
these components can be found in Appendix D. 

RTI was on site during the field sampling program to conduct a systems audit and a 
performance audit. These audits addressed the Radian sampling program. Results of the 
RTI audit are presented in Appendix A. 

Project Organiration 

Figure l-l shows the organization of this project. 

Report Organization 

Table 1-2 lists the contents of the major sections and appendices of this final report. 

References 

1. Elwtsic Power Research Institute. Field Chemical Emissio?u Monitoring (FCEM) 
Generic Sampling and Analytical Plan. Draf? Report. Palo Alto, CA (May 1994). 

2. U.S. Environmental Protection Agency, Office of Air and Radiation, Office of Air 
Quality Planning and Standards. Compilation of Air Pollutant Emission Factors, Vol. 1: 
Statioruary Point and Area Sources. AP 42, 4th e&. , Research Triangle Park, NC 
(September 1985 with periodic updates). 

3. 40 CFR 266, Subpart H, “Method 29: Determination of Metals Emissions in Exhaust 
Gases from Hazardous Waste Incineration and Similar Combustion Processes: Proposed 
Method. ” 
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Table l-2 
Report Organization 

Section Contents 

Glossary 

Executive Summary 

Introduction (p. l-l) 

Auditing (p. A-l, App. A) 

Site Description (p. 2-1) 

Sample Collection (p. 3-l) 

Sampling Protocol (p. B-l, 
APP. B) 

Sample Preparation and Analysis 
Methods (p. 4-1) 

Analytical Protocol (p. E-l, 
APP. E) 
Analytical Results (p. S-l) 

Sampling Data Sheets (p. C-l, 
APP. C) 
Data Analysis and Interpretation 
(p. 6-1) 

Quality Assurance/Quality 
Control (p. D-l, App. D) 

Acronyms, abbreviations, and definitions. 

Stand-alone summary of the document. 

Background, objectives, auditing, contractor 
organization, and report organisation. 

Information on audits conducted by RTI. 

Power plant configuration, process description, 
sampling locations, and plant operating 
conditions. 

Sampling schedule, test matrix, samples collected, 
sample handling, sample presentation, sample 
cornpositing. 

Method descriptions, sample train disassembly, 
sample preparation for transportation, and 
storage. 

Preparation procedures and chemical analysis 
methods for gases, liquids, and solids. 

Method descriptions, deviations, and 
modifications. 

Tabulated analytical information for gases, 
liquids, and solids. 

Data for gas samples, including calculations for 
samples at the stack outlet. 

An evaluation of the overall quality of the data, 
material balances, trace species removal 
efficiencies, and emission factor determinations. 

Radian systems and performance audits: 
precision, accuracy, and completeness in the areas 
of sample collection, analysis, and DQOs. 
Detailed QA/QC results in tabular form. 
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Table l-2 (Continued) 

Section Contents 

Uncertainty Analysis (p. F-l, App. Description of how the error propagation analysis 
F) was performed on calculated results. 

Treatment of Non-Detects, Information provided by DOE. 
Values Outside of the Calibration 
Range, and Blanks (P. G-l, 
APP. G) 

1-8 



2 
SITE DESCRIPTION 

Power Plant Configuration 

The Plant Yates Unit No. 1 is a bituminous coal-fired steam electricity-generating unit with a 
net generating capacity of 100 megawatts. Located in Newnan, Georgia, the station is 
owned and operated by Georgia Power Company. Unit 1 includes a tangentially fired CE 
boiler that bums a 2.5% sulfur blend of Illinois No. 5 and Illinois No. 6 bituminous coals, 
an electrostatic precipitator for particulate control, and the CT-121 flue gas desulfurixation 
system for sulfur dioxide (SQ) emissions control during the ICCT demonstration.’ 

A process flow diagram of the Plant Yates facility that includes sampling locations is 
presented in Figure 2-l. Flue gas flows through a single duct into the ESP, which is four 
chambers wide and three rows of chambers deep; however, only the first two rows of 
chambers are energixed. The ESP has a separate row of hoppers to collect the fly ash from 
each field, i.e., one row of hoppers per field. After the ESP, the flue gas flows through a 
single ID fan and then to the CT-121 system. The flue gas exiting the CT-121 unit is vented 
to the atmosphere through a 250-foot exhaust stack. No other units at the station use this 
stack. 

Process Description: Major Process Streams 

CT- 72 7 Wet FGD System 

The CT-121 is a second-generation FGD process which employs a unique absorber design, 
called a jet bubbling reactor (IBR), to combine conventional SO* absorption, neutralization, 
sulfite oxidation, and gypsum crystalliition in one reaction vessel. The process is designed 
to operate in a pH range (3 to 5) where the driving force for limestone dissolution is high, 
resulting in nearly complete reagent utilixation. Oxidation of sulfite to sulfate is also 
promoted at the lower pH because of the increased solubility of innate oxidation catalysts 
such as iron (Fe). Because all of the absorbed’S0, is oxidized, there is sufficient surface 
area for gypsum crystal growth to prevent the slurry from becoming significantly supersatu- 
rated with respect to calcium sulfate. This significantly reduces the potential for gypsum 
scaling, a problem that frequently occurs in natural-oxidation FGD systems. Since much of 
the crystal attrition and secondary nucleation associated with the large centrifugal pumps in 
conventional FGD systems is also eliminated in the CT-121 design, large, easily dewatered 
gypsum crystals can be produced. 
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Figure 2-l 
Simplified Process Flow Diagram Illustrating Sampling Locations and Flue Gas Flow 
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Gas Coohg Section. Flue gas from the boiler passes through the ESP and is pressurized 
by the Unit 1 I.D. fan. From the fan, the flue gas enters the gas cooling section. Here the 
flue gas is cooled and saturated with a mixture of JBR slutry, makeup water, and pond 
water. The quench slurry is sprayed into the gas at a liquid-to-gas ratio of about 10 gal/1000 
acf at full boiier load using two centrifugal gas cooling pumps. The suction for the gas 
cooling pumps is located near the bottom of the JBR. 

JBR. From the gas cooling section, the flue gas enters the JBR. The JBR is the central 
feature of the CT-121 process. The gas enters an enclosed plenum chamber formed by an 
upper deck plate and a lower deck plate. Sparger tube openings in the lower deck plate force 
the gas into the shrrry contained in the jet bubbling (froth) zone of the JBR vessel. After 
bubbling through the slurry, the gas flows upward through gas risers which pass through 
both the lower and upper deck plates. Entrained liquor in the gas disengages in a second 
plenum above the upper deck plate, and the cleaned gas passes to the mist eliminator. 

The slurry in the JBR can be divided into two zones: the jet bubbling or froth zone and the 
reaction zone. SO, absorption occurs in the froth zone, while neutralization, sulfite oxida- 
tion, and crystal growth occur in both the froth and reaction zones. 

The froth zone is formed when the untreated gas is accelerated through the sparger tubes in 
the lower deck and bubbled beneath the surface of the slurry at a depth of 6 to 16 inches. 
The froth zone provides the gas-liquid interfacial area for SO* mass transfer to the slurry. 
The bubbles in the froth zone are continually collapsing and reforming to generate new and 
fresh interfacial areas and to transport reaction products away from the froth zone to the 
reaction zone. The amount of inter-facial area can be varied by changing the level in the 
JBR, and consequently, the injection depth of flue gas. The deeper the gas is injected into 
the slurry, the greater the interfacial ares for mass transfer and the greater the SQ removal. 
In addition, at deeper sparger depths, there is an increase in the gas-phase residence time. 
SO2 removal can also be increased by increasing the pH of the slurry in the froth zone, since 
a higher pH results in higher slurry alkalinity. The pH is controlled by the amount of 
limestone fed to the reaction zone of tbe JBR. 

The solids concentration in the JBR is maintained at a constant level by removing a slurry 
stream from the bottom of the reaction zone and pumping this stream to a holding tank 
(gypsum slurry transfer tank), where it is diluted with pond water before being pumped to 
the gypsum stack. This is done to keep the velocity high over a range of operating condi- 
tions. 

The oxygen which reacts with absorbed SO2 to produce sulfate is provided to some extent by 
oxygen diffusion from the flue gas, but the predominant source is air bubbled into the 
reaction zone of the JBR. The oxidation air lines enter through the very top of the JBR 
vessel, penetrate the upper and lower deck plates, and introduce the air near the bottom of 
the JBR. Oxygen diffuses from the air into the slurry as the bubbles rise to the froth zone of 
the JBR. Excess air mixes with the flue gas and exits the JBR to the mist eliminator. 
Before the oxidation air enters the JBR, it is saturated with service water to prevent a wet- 
dry interface at the discharge of the oxidation air lines. 
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Ash and Cooling System 

Plant Yates uses an ash settling and storage area consisting of one ash-settling pond. Bottom 
ash from the boiier and pyrites from the pulverizers are sluiced together and are disposed of 
in the ash-settling pond. The ESP ash, eeonomizer ash, and air preheater ash are also 
sluiced together and disposed of in the same ash-settling pond. Water from the 
Chattahoochee River is used for cooling water in a once-through type steam condenser. 

ESP Design 

The ESP is a conventional weighted wire configuration typical of many of the older ESPs 
found on coal-fired utility boilers in the Midwest and Eastern parts of the United States. 
Details of the ESP are provided in Table 2-l. The specific collection area (SCA) is 
210 tI*/kacfm at full load. This size is representative of the ESPs built during the 1970s to 
provide collection efficiencies of 95 to 99 percent. The plate-to-plate spacing is 9 inches, 
which is typical for this vintage ESP. Current ESP design standards use 12- to Idinch 
spacing to reduce the impact of plate or wire misalignment which can cause sparking at 
lower voltages. The velocity is somewhat lower than many of the older ESPs which often 
operate at velocities of 6 or 7 ft/sec. The average FSP velocity of 4.4 ft/sec is more 
characteristic of modem design practices. 

Figure 2-2 shows a schematic layout of the ESP. The ESP is configured with three mechsni- 
cal sections and four eleotrical sections. As shown in the schematic, the arrangement is 
somewhat unusual in that the mechanical sections are not aligned with the electrical sections. 
This provided some minor difficulties in modelmg the performance of the ESP, as described 
in Section 8. 

Figure 2-2 also identifies the rapping components. The Plant Yates ESP uses a Fotry Rapper 
Control System programmed to operate vibrators on the high voltage wire frames and 
electromechanical rappers on the collector plate assemblies. Table 2-2 presents a detailed 
breakdown of the rapping frequencies. The high-voltage wire frame vibrators are on a 12 
minute repeat cycle and have 2 second on-times. The collector plate rappers have a 30 
minute repeat cycle and are energized to lift the 20-pound solenoids nominally four inches 
before releasing them. The rapping cycles are offset so that only one section of the plates is 
rapped at any single period of time. This rapping procedure results in smaller but more 
frequent spikes in opacity. 

Process Description: Sampling Locations 

Samples were collected from streams representing three types of matrices: gases, solids, and 
liquids. Gaseous samples were collected from the inlet and outlet of the ESP and from the 
stack. Solids were collectedof the coal feed, bottom and fly ashes, limestone, 

2-4 



Site Description 

Table 2-l 
Summary of Design Data on the Yates Unit #l JLSP 

Housing 
Mechanical Sections 
Electrical Sections 
Gas Flow Passages 

Collector Electrodes 
Plate Spacing 
Plate Height 
Total Plate Length 
Length of Sections 
Total Plate Area 
Total Cross Section Area 

Gas Conditions 
Gas Flow at Full Load 
Gas Velocity at Full Load 
Residence Time at Full Load 

1ESPBox 
3 
4 
82 

9 inches 
30 ft 
21 ft 
9 ft Section 1. 6 ft for Sections 2 & 3 
103,320 ft* 
1845 ft* 

491,000 acfm 
4.4 ftkcond 
4.7 seconds 

SCA at Full Load 

Emitter Design 
Design 
Diameter 
spacing 
Number 
Total Wire Length 

2 10 fi*/kacfm 

Weighted Wire 
0.110 inches 
8 inches 
2,296 
68,880 ft 
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Figure 2-2 
Plan View Plant Yates ESP Unit #I 
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Table 2-2 
ESP Rapping Schedule 
Plant Yates Unit #1 

Meehallhl 
Section 

Cycle RaPPer Activated 
Repeat Time Identification (minutes into cycle) 

1 HV Vibrator 
(1 vibrator per 
frame) 

2 HV Vibrator 

3 HV Vibrator 

1 Plate Rapper 
(1 rapper per 
plate support) 

1 Plate Rapper 

1 Plate Rapper 30 minutes 

2 Plate Rapper 30 minutes 

2 Plate Rapper 30 minutes 

3 Plate Rapper 30 minutes 

3 Plate Rapper 30 minutes 

12 minutes 

12 minutes 

12 minutes 

30 minutes 

30 minutes 

HV: Al 4 
HV: A2 8 
HV: Bl 12 

HV: B2 
HV: Cl 

5 
10 

HV: C2 6 
HV: D 12 
Plate: Al -1 4 
Plate: A 1-2 8 
Plate: Al-3 12 

Plate: A2-1 
Plate: A2-2 
Plate: A2-3 

5 
10 
15 

Plate: Bl-1 6 
Plate: Bl-1 12 
Plate: B 1-3 18 

Plate: B2-1 
Plate: B2-2 
Plate: B2-3 

7 
14 
21 

Plate: Cl-l 8 
Plate: Cl-2 16 
Plate: Cl-3 24 

Plate: C2-1 9 
Plate: C2-2 18 
Plate: C2-3 21 

Plate: D-l 
Plate: D-2 
Plate: D-3 

10 
20 
30 

Note: Rapping frequency and cycles are duplicated for each side of the ESP. 
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Site Description 

and FGD slurry. Liquids included the makeup waters, sluice waters associated with the ash 
steams, and filtrate from the limestone and FGD slurry streams, cooling water, and coal pile 
runoff. Figure 2-l illustrates the sampling locations which are described in detail in the 
following sections. 

Flue Gas Sample Streams 

Three flue gas stream locations were. identified for testing: 

l ESP inlet; 

l ESP outlet (FGD inlet); and 

. Stack. 

The ESP inlet sampling location is located at ground level. Sixteen four-inch ports are 
located horizontally just downstream of where two ducts which exit the air preheater are 
combined. 

The ESP outlet location is located approximately 60 feet above ground level. Six four-inch 
ports are located vertically across the duct. 

The stack sampling location is approximately 120 feet above ground level and has four four- 
inch ports, equally spaced at 90 degrees. 

Solid Sample Streams 

Solid streams sampled were the following: 

l Raweoal; 

l Pulverized feed coal; 

l Pulverizer rejects; 

l Bottom ash; 

l ESP fly ash; 

l Raw limestone; 

l Limestone slurry solids; and 

l FGD slurry solids. 
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Solid samples were collected concurrent with the gas stream testing and are considered to be 
representative of process operation. 

Coal Samples. The sample locations for collecting coal samples are located around each of 
the four coal pulverizers serving Unit 1. Samples of raw coal were collected from each 
pulverizer feed chute after the weigh belt. Feed coal samples were collected at the exit of 
each pulverizer, just prior to the boiler feed, and the pulverizer rejects were collected at the 
inlet to each reject hopper. 

Ash Samples. Bottom ash samples were collected wet at the bottom ash sluice water sump 
upstream of the bottom ash sluice pumps. Bottom ash was separated from the sluice water 
by allowing the solids to settle and siphoning off the sluice water. ESP fly ash was collected 
dry from the clean-out ports of the two energized banks of ESP hoppers, and sluiced ESP fly 
ash was also collected at the sluice water discharge to the ash pond. 

Limestone. Limestone samples were collected from two sampling locations. Raw 
limestone was collected off the weigh belt feed to the grinding mill, and limestone slurry was 
collected from a sample tap on the recirculating limestone slurry feed line to the JBR. Slurry 
samples were filtered to obtain the solids. 

FGD So/ids. FGD solids were sampled from a sample tap at the discharge of the JBR 
underflow slurry pumps. The solids were filtered through a filter press to separate the solid 
and liquid phases at the time of collection. 

Liquid Sample Streams 

The following liquid streams were sampled: 

l Ash pond water; 

l Gypsum pond water; 

l Ash sluice water (bottom ash and fly ash); 

l FGD slurry blowdown filtrate; 

l Limestone slurry filtrate; 

l Coal pile run-off; and 

l Cooling water at the condenser inlet. 

Liquid samples were collected concurrent with the gas-phase testing and are considered to be 
representative of process operation during that time period. 
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Pond Wafers. Ash and gypsum pond water were sampled from sample taps. The ash pond 
water sample tap is located near the limestone slurry tank containment area where ash pond 
water is used in limestone slurry preparation. Gypsum pond water was collected from a 
sample tap located on the mist eliminator wash water tank. 

Ash Sluice Wafer. Bottom ash and ESP fly ash sluice water samples were obtained by 
siphoning the aqueous phase of the ash/water sluice mixture from the solid phase after 
allowing approximately 2 hours for the solids to settle. The collection points for the ash 
sluice samples are described in the section on solid sample streams. 

Limestone and FGD Filtrates. The aqueous phases of the limestone slurry and JRR 
underflow slurry were obtained from filtration of the collected solids samples described 
earlier. Limestone slurry and all FGD filtrates for organic compound analyses were sampled 
from a filter press at the point of collection to avoid loss of organics and to prevent further 
reactions in the FGD slurry matrix. 

Coal Pile Run-off. Coal pile run-off collection was performed after a rain storm. Samples 
were collected from shallow trenches leading from the coal pile to the run-off collection 
pond. 

Condenser Wafer Samples. Cooling water samples at the inlet of the turbine steam 
condenser were collected from a sample tap located at the discharge of the cooling water 
pumps. 

Plant Operating Conditions 

Operating conditions were continuously monitored via a computerized data acquisition system 
@AS) which logged process information as 15 minute averages. In addition, boiler 
operating data were logged hourly by the control room operators. Of the total amount of 
data collected, key parameters have been summarized and are presented in Table 2-3. These 
data reflect the general stability of the process. Unit load and furnace gas oxygen concentra- 
tions are shown graphically in Figures 2-3 and 2-4. The dashed lines represent the bounds of 
what is considered normal operation. Also, the grey shaded areas represent the periods 
during which testing was being performed. Key operating parameters for the CT-121 
process are shown in Figures 2-5 and 2-6. Overall, all processes were very stable and the 
key operating parameters were within the targeted range during the entire test period. 

Three continuous emission monitors were operated during the test period. Sulfur dioxide and 
nitrogen oxides were monitored continuously by existing Plant Yates instrumentation. 
Carbon monoxide was monitored using an instrument supplied by Radian. The results of the 
CEM monitoring are presented in Figures 2-7, 2-8, and 2-9. 
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Table 2-3 
Summary of Process Monitoring Data’ 

pprnmeta iv21 6t22 6/23 6lZ.S 6t26 6127 

Boil% 

I--d(Mw) 

Coal Flow (1,ooO lb/lx, wet) 

F- 0, (a) 

Burners in Service 

ESP: 

opscih/ (%) 

IBBR: 

so> mmoval~ (5%) 

Scrubber pH 

JBR aP (Inches H*O) 

Stack 

4@, dry) 

SO, @pmv, dry) 

NO. @pm-~, dry) 

CO @pmv. W 

’ Daily nverages. 

101 101 101 100 100 101 

89 88 a9 90 91 92 

3.5 3.4 3.5 3.3 3.3 3.4 

16 16 16 16 16 16 

15.0 14.4 16.0 17.1 17.7 18.6 

93.0 91.6 90.7 88.8 -c .c 

4.6 4.5 4.5 4.5 4.5 4.5 

14.1 14.1 14.1 14.1 14.1 14.1 

8.2 8.0 1.9 7.7 7.1 1.6 

160 181 202 236 182 186 

430 490 470 430 420 320 

3.5 -d 2.6 2.6 2.0 5.7 

bBasedupmS0~correctedto3%04. 

’ Inlet O2 mmitur not functioning properly. 

d CO monitor not iimxioning properly. 
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Problems 

Only slight operational problems were encountered during the test effort. On the first day of 
testing, a steam leak was detected and, although the leak was minor, plant personnel opted to 
bring the plant down to fuc the leak, rather than run the risk of having a major problem 
occur while the testing was in progress. Repairing the leak resulted in a six-hour delay in 
the start of the testing activities on day one. 

The average JBR SO* removal efficiency dropped below 90% on June 25. A change in the 
JBR piping is believed to have resulted in a high bias in the pH indicators. For this reason, 
SO2 removal was generally lower than expected. However, with respect to the range of SQ 
removal achieved over the previous four days, the 88.8% removal is within normal operating 
limits and had no effect on the test results. 

Deviations from Sampling Plan 

The sampling approach was defined with soot blowing confined to the evening shifts and no 
testing was to be performed during soot blowing events (with the exception of round-the- 
clock sample collection for PSD at the stack and bulk particulate collection at the stack and 
ESP Outlet). However, during the second day of the material balance period a high pressure 
drop was encountered across the air pre-heater (APH). Sampling was delayed for two hours 
while the APH soot-blowers were activated. A full pressure drop reduction could not be 
achieved and the decision was made to continue testing with the APH soot blowers activated 
continuously. Testing on the third day was also done with the APH soot blowers activated. 
This approach provided consistent process operation for the testing. Soot blowing at all 
other boiler locations was not performed until after the testing was completed each day. A 
post-test inspection of boiler operator logs indicated that APH soot-blowing was probably 
done continuously during the first day of the material balance period also. Although boiler 
control room instructions were for “no scat blowing,” the post-test inspection revealed a 
steadiiy decreasing pressure drop across the APH on Day 1 of the material balance period. 
Typically, this only happens if the APH soot blowers are on. There was, however, no way 
to confirm this after the fact. The impact of the APH soot blowing is currently judged not to 
have an impact on the data quality or the overall test results. 

1. David P. Burford, Oliver W. Hargrove, and Harry J. Ritz, “Demonstration of Innovative 
Applications of Technology for the CT-121 FGD Process. ” Published in the proceedings 
of the First Annual Clean Coal Technology Conference (sponsored by the U.S. Depart- 
ment of Energy), Cleveland, OH (September 1992). 
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3 
SAMPLE COLLECTION 

Radian used established sampling methods (where possible) and a sampling strategy consis- 
tent with that of the FPRJ-sponsored Field Chemical Emissions Monitoring (FCEM) 
program’ to accomplish the project goals. Samples were collected with Plant Yates operat- 
ing within 10% of full load, at steady-state conditions, and in triplicate over two three-day 
peliOdS. 

Sampling Schedule 

Radian performed the test program at the Yates facility in two discrete three-day sampling 
periods. During the first three-day period (Phase I), samples were collected for the charac- 
ter&ion of organic species and particle size distribution, and ADA Technologies performed 
an assessment of the ESP operating characteristics. The second three-day sampling period 
(Phase JJ) was a “material balance period,” during which samples were collected for analysis 
of inorganic components. 

Figures 3-l and 3-2 illustrate the sampling periods for each sample stream. Field blank 
samples were collected June 20, 1993 for the organic-phase test parameters and field blank 
samples were collected for the “material balance” parameters on June 24, 1993. 

Samples Collected 

All sampling was performed according to the procedures detailed in the Management Plan for 
the Plant Yates CT-121 FGD Project. 

only two deviations were noted from the specifications provided in the Management Plan. 
The first involves the collection of dry ash from the FSP ash hoppers. The management plan 
specified for the collection of samples from three rows of hoppers; however, after arrival on 
site, it was discovered that only the first two rows were energized. The sampling approach 
was modified to limit the sampling to just the first two rows of hoppers. These first two 
rows (four hoppers per row) of hoppers were to be sampled individually; however, only 
seven of the eight hoppers could be sampled. A valve stuck open on hopper number 7, and 
the system could not be isolated from the sluice system. 

The second deviation concerned the collection of condenser water. No condenser outlet 
samples could be collected, as the two valves located at the condenser outlet were not 
operational. 

3-l 



Sample Collection 

g ~, I 
z ,I ,,,, 
&I 
II,~~, ERR 
jl 1 ,,,, ,,,, ~,,:R..,~ ,,,, 

I ,: ~,,~ ,,,,,,,, 
I 

,,I ,,, 
,,,,.~ 

I ,,,, 
/ 

,;: 
,z* 

:~,::y 

,),, 

,,, _ 

,I 

,.,.. 
I’ 

..^ 

,.,., 

I, 

:q: 

“C 
:,;,, 

“,’ 

,,z,. e.i 

.,,, 

::i?~ ,“, 

z>, 
‘i;; 
,,_,” 

: 
,,a~,~ 

,!j: 

,>?z; 

~,>,,W 

.~, ~~~, ~~~ ,,.. ,,.. 

Figure 3-l 
Sample Collection Schedule for June 21-24, 1993 
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Sample Collection Schedule for June 25-28, 1993 
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Gas Samples 

Samples were collected from three separate gas locations during the toxics emission study, 
namely the ESP inlet, the JZ-SP outlet, and the stack. Sampling was performed concurrently 
at each location with specific run times varying due to effluent conditions. 

A summary of the samples collected from the gaseous locations is presented in Table 3-l. 
The summary identifies the sample type, collection method, the number of samples collected 
and analyzed from each location, and the sample preservation techniques. Samples collected 
as part of the QAIQC program for gaseous samples are identified in Table 3-2. 

Gas sampling data sheets are available in Appendix C. Data presented in Appendix C 
include the sample run times and sample volumes. In addition to the summarized field data, 
the calculations used for data reduction are also presented. 

Liquid Samples 

Liquid samples were collected concurrently with the gaseous sampling. The primary liquid 
collection technique was grab sampling. Table 3-3 identifies each of the streams sampled as 
well as the collection method, number of samples collected and analyzed, and the sample 
preservation techniques. Table 3-4 lists the liquid samples which were collected and/or 
analyzed as part of the QA/QC program. 

Liquid samples were cornposited daily during each test run with the exception of the 
aldehydes and volatile organic compound (VOC) samples which were collected as single grab 
samples. The sluices and slurry filtrates were also collected as composite samples during 
each test run and the solids removed either by settling and decantation, or direct filtration 
from the process sample point. Detailed descriptions of the sampling techniques are 
presented in Appendix B. 

Solid Samples 

Solid samples were collected concurrently with the gaseous and liquid sampling. Sampling 
was performed by compositing grab samples that were collected at regular intervals during 
the gas sampling period. In addition to the grab sampling, solids were also collected during 
sluicing operations of the bottom ash and ESP ash. These samples were collected by grab 
sampling techniques through the duration of the sluicing and composited into one sample per 
test Nn. 

Detailed descriptions of the solids sampling techniques are presented in Appendix B. Table 
3-5 summarizes the solid sampling effort during this program. The table identifies the 
sample location or sample type, the collection method, the number of samples collected and 
analyzed, and the sample preservation techniques. Samples collected or submitted to support 
the QAlQC program for the solids are listed in Table 3-6. 
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Table 3-2 
Number and Type of Gas Sample Analyses Plant Yates 

Parametel. 
Field Matrix Audit Field Trip Total 

SampItS Spike SpmPlS Blanks Blanks Spmples 

Moisture 

Particulate Lmdiig 

Particle Size Distribution 

Chloride @rticuIate) 

Fluoride (Particulate) 

Sldfate (Particulate) 

ICP Screen (particulate) 

GFAAS Metals’ (Particulate) 

Mercury (Particulate) 

Ssmivolatiles f.RuticuIak & Flue. 
G-) 

PCDD/PCFD (Particulate) 

Radioactivity (Particulate) 

Ammonia (Flue gas) 

cyanide (Flue gas) 

Chloride (Flue gas) 

Fluoride (Flue gas) 

slate (Flue gas) 

ICP ScEen (Flue gas) 

GFAAS Met&? (Flue gas) 

Mercury (Flue gas) 

Aldehydes (Flue gas) 

Volatile Orgmics (Flue gas) 

PCDD/PCDF (Flue gas) 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

3 

9 

9 

9 

9 

9 

9 

9 

9 

9 

9 

27 

3 

1 

1 

1 

1 

1 

1 

2 

-_ 

1 

1 

1 

1 

1 

1 

1 

1 

2 

__ 

_- 

-- 

__ 

__ 

__ 

1 

1 

1 

- 

-_ 

1 

1 

1 

1 

1 

1 

1 

1 

- 

_- 

_- 

3 

- 

1 

1 

1 

3 

3 

3 

3 

1 

1 

1 

1 

1 

1 

1 

3 

3 

3 

3 

9 

1 

1 

__ 

__ 

__ 

1 

1 

1 

1 

1 

__ 

__ 

- 

- 

1 

1 

1 

2 

1 

1 

9 

13 

9 

11 

11 

11 

15 

15 

15 

15 

5 

12 

12 

12 

12 

12 

12 

15 

15 

15 

16 

31 

5 

* GFAAS metals include As, Cd, Pb, and Se. 
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Sample Collection 

Table 3-4 
Liquid Stream QAlQC Samples 

Parameter 

Chloride 

Fluoride 

PhOSphate 

Slllfpte 

SUlfik 

Aouuouia 

cyanide 

ICP Screen (Soluble) 

Arsenic 

cadmium 

Lead 

M-v 

seleoium 

Aldehydes 

semivolatile OrgaoiM 
Volatile orgaoics 

Field Field Matrix Audit Trip T&d 
SamplfS DW Spike SEUUpleS Blanks SampIeS 

21 7 3 1 32 

21 I 3 1 __ 32 

21 7 3 1 -- 32 

21 7 3 1 __ 32 

3 1 - __ 4 

21 7 3 1 -_ 32 

21 I 3 1 _- 32 

30 10 4 2 __ 46 

30 10 4 2 -- 46 

30 10 4 2 -_ 46 

30 10 4 2 __ 46 

30 10 4 2 __ 46 

30 10 4 2 __ 46 

23 7 6 __ 36 
22 7 6 __ 35 

22 7 -_ -_ 1 30 
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I nnon 

I I 000.” 
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Sample Collection 

Table 3-6 
Solid Stream QAIQC Samples 

Palnme.ter 
Field Field 

SempkS Dw 
Matrix 
Spike 

Audit Total 
StiIllpleS SampieS 

MOiShlE 12 4 

Pmticle Si Distribution 6 2 

Ultimate/proximate 9 3 

carbon 12 4 

Sulliu 9 3 

Heatiug value 6 2 

ChlOli& 30 10 

FlUOIi& 30 10 

Phosphate (Phosphom) 30 10 

Sulfite/SuIfite. 3 1 

ICP scxeen 30 10 

Met& 9 3 

Jbsenic 30 10 

CadoLium 30 10 

Lead 30 10 

Mrrcury 30 10 

Selenium 30 10 

Aldehydes 3 1 

Semivolatile Organic5 12 4 

Radioactivity 15 4 - 

-- 

__ 

__ 

lb 
a 
13 

lb 

12 

9 

46 

46 

46 

5 

46 
13 

46 

46 

46 

46 
46 
6 

20 

19 
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Process Stream Flow Rates 

Table 3-7 presents average process stream flow rates for Phase II of the testing. The 
methods used to measure and equations used to calculate these flow rates are described in 
Table 3-8. These flow rates were used in the material balance calculations, described in 
Section 6.2. Those flow rates measured directly are presented on a run-by-run basis. Others 
are presented as Phase II test period averages, since they are calculated from averaged data; 
i.e., the dry feed coal flow rate is calculated from the average wet raw coal flow rate and 
average water content. Gaseous flow rates were measured at three different locations at the 
site.: ESP inlet, outlet, and the stack. The actual measurements from these locations 
averaged 293,000 dscfm f < 3%) well within the expected limits of the measurement 
technique. However, given the various physical properties of the three locations, engineering 
judgment would indicate that the measurements from the stack were the most accurate of the 
three and, since the stack measurements also reflect ultimate emissions, the measurements 
from this location should be the reference point for consistency in the treatment of data and 
determination of internal mass flow rates. An average of 4,000 scfm of oxidation air was 
added to the flue gas as it passes through the JF3R. Therefore, the rate of gas that enters and 
exits the ESP is that amount measured at the stack minus (-) the oxidation air added at the 
JBR. The stack flow rate was 288,000 dscfm - 4,000 dscfm (oxidation air) = 284,000 
dscfm as the flow rate for the INLET AND OUTLET of the ESP. The ESP operates at 
negative pressure; therefore, these numbers represent maximum rates, since any inleakage of 
gas would be measured at the stack. 

Coal flow rates were determined from data obtained from the boiler control room. Raw coal 
is loaded into buckets which hold nominally 500 pounds of coal and a counter records each 
time a bucket is dumped. These readings, obtained over a 24-hour period, provide the basis 
for the coal feed rate. The dry feed coal rate was determined from the raw coal rate 
(corrected for moisture) less the pulverixer rejects. This method yields an average feed coal 
rate for the material balance period of 80,200 lblhr. As a consistency check, the full-load 
unit heat rate was used to calculate a coal feed rate of 86,000 lblhr, approximately 7% 
higher than measured. The calculated coal feed rate falls within the 95% confidence interval 
of the measured coal rate shown in Table 3-7. The bottom ash flow rate was determined by 
subtracting the ash flow rate measured at the ESP inlet from the ash contained in the feed 
coal. 

Other flow rates used in mass balance calculations were measured by process instrumentation 
and are discussed in Section 6. Uncertainties for these calculated flow rates, expressed as 
95% confidence intervals, were calculated using the method detailed in Appendix F. 

References 

1. Electric Power Research Institute. Field Chemical Emissions Monitoring (FCEM) 
Generic Sampling and Analytical Plan. Draft Report. Palo Alto, CA (May 1994). 
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Table 3-7 
Process Flow Rates During Phase II of Testing 

Run1 RUn2 Run3 Std. 
6Lw93 6l26l93 6127193 Mean Dev. 

Baw cd Moistun (5%) 12.7 

Feed Coal Ash (%, dry) 10.5 

Measured Flow Rates and Grain Loadings: 

Baw Cod (lb/lx, wet) 90,200 

Cal pulvcrizer Rejects (lb/Is) 110 

ESP Inlet Loadiig (grlascf) 3.38 

BSP outlet Loadiig, (grldscf) 0.0598 

Stack GPS (dscfm) 290,ooo 

stackLoadiig(gr/dsc9 0.0078 

cpladati Blow Rates: 

Feed Coal (lb/hr, dry) 

ESP Inlet Gas (dscfm) 

ESP GotI& Gas (dscfm) -- 

ESP Inlet Ash, (lb/hr)d 

ESP Outlet A& (Iblhr) 

ESP Collected Ash (lb/lx) - 

Bottom Ash (lb/l@ 

Particulate Emions: 

Emissions (lb/l@ 

Emissions (lb/lo6 Btu) 

11.2 11.2 11.7 0.9 

11.3 11.6 11.1 0.6 

90,700 92,wo 91,ooo 

130 110 120 

3.61 3.88 3.64 

0.0489 0.0644 0.0577 

287,000 285,000 288,000 

0.0048 0.W.51 0.0059 

_- 

_- 

_- 

-- 

_- 

-_ 

__ 

-- 

__ 

__ 

80,200 

284,000 

284,ooO 

8,870 

140 

8,730 

440 

3,200' 

15b 

0.25 

0.0080 

2,500 

0.0017 

9536 
8,200 

6,200 

6,Xx) 

1,500 

49 

2,500 

1,100 

14.6 10.4 

0.014 0.009 

’ Standard deviation calculated from 71 hourly values measured over the three days of testing. 

b Standard deviation calculated from 9 values measured over the three days of testing. 

’ The stack gas flow rate was considered to be the most accurate measurement of the gas flow Me; the ESP 
inlet and outlet flow rates were assumed equal to the stack gas less the JBR oxidation air (4,100 s&m). 

d lncludcs 4.5% unburned carbon. 

’ Includes 2.3 46 unburned carbon. 
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Table 3-8 
Flow Rate Calculations 

Raw coal: 

Counting of 500 lb (nominal) buckets 

Pulverizer Rejects: 

Measured by bucket-and-stopwatch method 

Stack Gas: 

Measured by Pitot tube traverse 

Feed Coal, dry basis: 

91,000 Ib/hr Raw Coal - 91,000 Ib/hr * 0.117 lb Water/lb coal - 120 Ib/hr Rejects = 
80,200 lblhr 

ESP Inlet and ESP Outlet Flue Gas: 

288,000 dscfm Stack Gas - 4,100 scfm Oxidation Air = 284,000 dscfm 

ESP Inlet Ash: 

284,000 dscfm * 3.64 gr/dscf * 0.000143 lb/gr * 60 mlhr = 8,870 lb/hr 

ESP Outlet Ash: 

284,000 dscfm * 0.0577 gr/dscf * 0.000143 lb/gr * 60 mlhr = 140 lblhr 

ESP Collected Ash: 

8,870 lblhr ESP Inlet Ash - 140 lb/hr ESP Outlet Ash = 8,730 lb/hr 

Bottom Ash: 

[80,200 lblhr Dry Feed Coal * 0.111 lb ash/lb coal - (8,870 Ib/hr ESP Inlet Ash- 8,870 lblhr 
*0.045 lb Carbon/lb Ash]/(l-0.023) lb Carbon-Free Bottom Ash/lb Bottom Ash = 440 lblhr 

Stack Emissions: 

288,000 dscfm Stack Gas * 0.0059 gr/dscf * 0.000143 lb/gr * 60 m/hr = 14.6 lb/hr 

Stack Emission Factor: 

14.6 lb/hr/(80,200 lblhr Feed coal * 12,700 Btullb) * l,OOO,OOO = 0.014 lb/lo6 Btu 
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SAMPLE PREPARATION AND ANALYSIS METHODS 

Preparation procedures and chemical analysis methods for gases are shown in Figures 4-l 
through 4-12. 

Procedures for liquid sample preparation and analysis are shown in Figure 4-13. Procedures 
for coal are shown in Figure 4-14 and Table 4-1. Procedures for ash are in Figure 4-15. 
Procedures for limestone and FGD solids are shown in Figure 4-16. 

Appendix E of this technical note contains descriptions of and references for the methods 
used for this project. 
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Figure 4-2 
Flue Gas Impinger Sample Preparation and Analysis Plan for Metals 

4-3 



Sample Preparation and Analysis Methods 
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Figure 4-3 
Flue Gas Impinger Sample Preparation and Analysis Plan for Mercury 
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Figure 4-4 
Particulate Sample Preparation and Analysis Plan for Anions 
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-8 z .a .JER 

0 

6 2”” -4 “$ 

Figure 4-5 
Flue Gas Impinger Sample Preparation and Analysis Plan for Anions 
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Figure 4-6 
Flue Gas Impinger Sample Preparation and Analysis Plan for Ammonia and Cyanide 
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Figure 4-7 
Flue Gas Impinger Sample Preparation and Analysis Plan for Formaldehyde 
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Figure 4-8 
VOST Sorbent Sample Preparation and Analysis Plan for Volatile Organic Compounds 
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Sample Prepamtion and Analysis Methods 

Figure 4-9 
Flue Gas Sample Preparation and Analysis Plan for Semivolatile Organic Compounds 

4-10 



Sample Preparation end Analysis Methods 
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Figure 4- 10 
Flue Gas Sample Preparation and Analysis Plan for Dioxins and Furans 
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Sample Preperation end An8lysis Methods 

Filtered Gas 
Particulate Spmplcs 

I 

I loo mg I loo mg 

Nitric Acid Simulated Acetic Acid 
Dig&ion Gastric Fluid Leach 

(EPA 3050) Leach (HCl) (Mod. TCLP) 

ICP-MS ICP-MS ICP-MS 
Adysis Analysis Analysis 

Figure 4- 11 
Gas Particulate Sample Preparation and Analysis Plan for Extractable Metals 
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Figure 4-12 

Sample Preparation 8nd Analysis Methods 

Size-Fractionated Particulate Sample Preparation and Analysis Plan for Metals 
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Sample Preparation and Armlysis Methods 
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Figure 4-13 
Liquid Sample Preparation and Analysis Plan 
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Figure 4-14 
Coal Sample Preparation and Analysis Plan 
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Sample Preparation and Analysis Methods 

Table 41 
Summary of Coal Analytical Methods 

Chemical Substance Analytical Method 

Ultimate/Proximate/Higher Heating Value 

Moisture 

Ash 

Carbon, Hydrogen, Nitrogen 

Sulfur 

Volatile Matter 

Heating Value 

Chlorine in Coal 

Fluorine in Coal 

Radionuclides 

ASTM D3173 

ASTM D3174 

ASTM D5373 

ASTM D4239 

ASTM D3175 

ASTM D2015 

ASTM D4208 

ASTM D3761 

Gamma Emission Spectroscopy 

ASTM = American Society for Testing and Materials. 
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Ash SW&let - GUMS 

Extraction Semivolatile 
organics 

96 
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I 
I 

Air Dry 
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Figure 4-15 
Ash Sample Preparation and Analysis Plan 
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5 
Analytical Results 

The results of the analyses performed on samples collected during the emissions test program 
are presented in this section. The results are reported by stream matrix, i.e., gaseous, solid, 
or liquid, and are presented as averages for individual process streams along with the 95 % 
confidence interval (CI) and the detection limit (DL) ratio. The detection limit ratio 
represents the percentage of the average value that is contributed by data which were below 
the detection limit. The analytical results for organic species reported in the following tables 
have been limited to only those compounds which were detected in any of the three test runs. 
Complete details of the analytical results may be. found in Appendix H. Appendix H 
contains results on a per run basis, the analytical method used for each analysis, appropriate 
data flags for each value, additional analytical results for compounds which were not part of 
the scope of work but which information was obtained by virtue of the particular analytical 
method used, along with the averages of Runs l-3, 95% CI, and DL ratios. Treatment of 
values that were less than the method detection limit are explained in Appendix G. Confi- 
dence intervals and error propagation are described in Appendix F. 

Some data in Appendix H have been flagged. These data (which have been shaded) are 
suspect due to extremely high background contamination and have been excluded from the 
mean and CI calculations. High background contamination was encountered in gaseous 
particulate samples obtained from three of the multi-metals runs performed at the ESP outlet 
and the stack. This problem arose from the misidentification (during the field prep phase) of 
three glass tiber filter substrates. These glass fiber substrates were prepped, labelled and 
treated as quartz filters. The error was discovered during analysis when very high levels of 
barium and zinc were identified. The glass fiber substrates were used in Runs 1 and 3 at the 
ESP outlet and in Run 1 at the stack. Table 5-l shows results for a blank analysis of a 
quartz and glass fiber filter. Background results are similar for Sb, As, Se, and V. All 
other species (except MO) are substantially higher in the glass tiber matrix. Again, shaded 
data have been invalidated and are not included in the reported mean values. 

Gases 

The particulate loading and analytical results for the ESP inlet, ESP outlet and the stack are 
presented in Table 5-2. Concentration of trace elements as a function of particle size is 
given for three approximate size ranges; less than 3 pm, 3-10 pm, and greater than 10 pm 
on an aerodynamic basis. The analysis of boron and silicon in the fly ash samples filtered 
from the flue gas streams was not performed due to the limited quantity of sample and the 
limitations of the sampling and sample preparation techniques. For gas particulate samples, 
the Ntered solids are prepared for analysis by digesting the entire filter with a mixed acid 
solution containing hydrochloric, nitric, and hydrofluoric acids. 
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Analytical Results 

Table 5-l 
Filter Substrate Data Comparison 

Specie 
Quartz Glass Fiber 

669 (rc& 
Aluminum 122 36,500 
Antimony <9 <9 
Arsenic 0.14 -co.12 

Barium 
Beryllium 
Cadmium 

Calcium 

8.6 57,600 
0.08 6 

co.13 4 

101 
1.4 

0.25 

15,500 

Cobalt 
21 
22 

Copper 0.57 4 
Iron 15 312 
Lead -co.13 35 

Mag nesium 14 2,700 
Manganese 0.60 15 
Mercury 0.07 0.1 

Molybdenum 
Nickel 
Phosphorus 

Potassium 
Selenium 
Sodium 

19 2 
2.6 8 

<7.5 144 

<205 30,000 
0.06 -co.09 
224 88,800 

Strontium 0.80 664 
Titanium 8.2 78 
Vanadium 0.65 0.15 
zinc 6.3 39,900 
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Table 5-2 
Gas Process Stream Data Summary 

hnatyie GrouPI 
SpUie 

PmiicumeLollding 
Reduced species 

Ammoni as N 
Hydrogen Cyanide 

‘hkMS-V+3I 
Chloride 
Fluoride 
Sulfarc 

hims-PuiicuLte 
Chloride 
Fluoride 
Sulfate 

tiOt&-TOM 
Chloride 
Fluoride 
Sulfate 

ESP inlet ESP Outlet Stack 
95% DL 95% DL 95% DL 

units Average Cl aratio Average Cl aatio Average ct Ftatio 
g/Nm a.95 1.5 -. 0.142 0.05 -- 0.0145 0.010 -- 

idim’ 29.0 1.4 
c%Nm’ 0.15 0.24 

amm’ I12,WO 34.300 
Ir%Nm’ 8,300 1,400 
pgnw 7,460,cal 432,000 

27 16 11 17 
0.90 1.7 28 94 

_- 136,wo 67,000 ._ 540 820 
__ 7,900 3,2M __ 124 66 
.- 6.WO.ooO 1.503,000 __ 680.000 160,ow 

Pgmm’ 6.100 9,IW 45 94 210 310 
eflm’ 1.3 2.4 0.12 0.21 0.051 0.041 
mmm 79,000 98,ow 4.200 760 5.900 8.7M) 

IrOm’ 118,000 31,000 ._ 136,000 67,OW __ 750 800 
amm’ 8,302 1,400 ._ 7.500 3,200 __ I24 66 
pg/Nm’ 7,500,OOO 4l7,OOO __ 6,9W,OOO 1 ,SW,ooO __ 690,000 170,oal 

Radimuclides 
Actinium-228 @I 338 KeV 
Actinium-228 @ 91 I KcV 
Actinium-228 @ %8 KcV 
Bismuth-212 @ 727 KeV 
Bismuth-214 @ 1120.4 KeV 
Bismuth-214 @ 1764.7 KeV 
Bismuth-214 @ 609.4 KeV 
K-40 @ 1460 KeV 
Lead-210 @ 46 KeV 
Lead-212 @ 238 KcV 
Lead-214 @ 295.2 KeV 
Lead-214 @ 352.0 KeV 
Stadium-226 @ 186.0 KeV 
Thallium-208 @ 583 KeV 
Thallium-MS @ 860 KeV 
Thorium-234 @ 100 1 KcV 
Thorium-234 @ 63.3 KeV 
Uranium-235 @ 143 KeV 

Fnrt Metals by Wt. 
Aluminum 
Antimony 
Arrcnic 
Barium 
Beryllium 
Cadmium 
Wcium 
Chmmium 
Cobalt 

PCdg 
pa/g 
pCilg 

PCiJg 
Pcdg 
PCdg 
pCilg 
pCi/g 
pa/g 

36 II% 
I5 -- 
41 13% 

100% 

pCilg 

pc*g 
Pcdg 
pCi/g 
pCi/g 

pc*g 
pCi/g 
pCi/g 
pCi/g 

25 
20 
29 

<39 
<24 
49 
28 

230 
79 
19 
24 
2s 
I30 
17 

<67 
79 
69 
69 

_. 100% 
71 12% 
I7 -- 

317 -- 73 
33 - 
19 -- 
20 -- 
8.0 -- 
50 -- 
II -- 
. . IW% 
35 -- 
43 - 
43 -- 

Pgk 97,WO ll,ooo -- IO1 ,OW 

P!& 3.6 2.4 -- 2.7 

I& 45 12 -- 117 

PBk 490 106 -- 620 

LA LO 0.57 -- 14 

w%g 2.70 1.4 -- a.9 

PBk 18,lW 3,900 -- 14,faO 

I& 320 500 -- I90 

Pdg 31 0.83 -- 37 

31 _- <56 -- 48% 

13.800 7,3w -- 
3.8 5.7 -- 
81 71 

210 1,100 -- 
2.9 2.1 -- 
41 79 -- 

18&W 31,ooO -- 
330 3,cco - 

< I50 52% 

-_ __ 
0.65 -- 
48 -- 
-. . . 
-_ . . 
._ __ 
-. . . 
-_ _. 
-_ __ 
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Analytical Results 

Table 5-2 (Continued) 

And* Group/ 
SPecie 

ESP J&t ESP Outlet Stack 
95% DL 95% DL 95% DL 

Units Averaae CI Ratio Average CI Ratio Averaxe CI Ratio 

wP= 
Iron 
Lead 
Magnesium 
Mmg~eu 
Mercury 
Molybdenum 
Nickel 
Phosphorus 
Potassium 
Seknium 
sodium 
Strontium 
Titanium 
Vanadium 

Part M&k by Vol 
Alumioum 
AJittim0lly 
Arse& 
Barium 
BuyIlium 
Cadmium 
Calcium 
Chromium 
cahdt 

coppa 
Iron 
Lead 
Magnesium 
Mangancac 
Mcrsury 
Molybdenum 
Nick.4 
Phosphorlu 
Potassium 
Selmium 
Sodium 
Strontium 
Titanium 
Vanadium 

M&k, Vapor 
Aluminum 
htillbYlly 
Arsaic 
Barium 
Lhyllium 

5-4 

mk 86 2.6 -- 

P&3 91,OW 27,000 

C%B 79 19 

@g/8 4,690 480 

r%s 237 32 

ak 0.79 0.59 

P8.k 35 39 

P8k 230 250 

I& 230 150 

Id8 17.5M 1.900 
P%B I5 7.0 

re’g 5,120 190 

r%g 324 12 

Pa 6,140 7w 

rBlg 308 5.7 

i@Jm 870,WO 240,OW 

fi8Mm’ 33 26 
#g/Nm’ 4w 170 

Irgmm’ 4,400 1,700 

Kmm 93 16 

Irg@Jm’ 24 15 

rgmm’ 161,300 7,200 

r8mm’ 2.900 4,600 
bc+m’ 275 48 

uud 770 130 

amm 808,000 9wJo 

p@m 710 290 

i4gmmJ 42,WO 11,WO 

p%Nm’ 2,120 120 

w%Nm’ 7.1 5.6 

rfim’ 320 390 

pglNm’ 2.ooo 2.300 

i@Jm’ 2.100 1KQ 
sg/Nm’ 157,Wa 43 $00 

#mm’ 133 73 

rem’ 45.8W 6,200 

rflm’ 2.910 570 

p8mm’ 55,ooo 16,OW 

pgRJm’ 2,760 430 

pg/Nm’ 150 940 

rflm’ 0.56 6.5 

Irg/Nm’ <0.17 __ 

am+ 1.5 7.9 

p%Nm’ 0.06 0.25 

__ 

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

__ 
__ 
._ 
__ 
__ 
_. 
._ 
__ 
._ 
._ 

._ 

._ 

._ 

._ 

._ 
__ 
__ 
__ 
__ 
__ 
__ 
__ 
__ 

__ 
__ 

100% 

__ 

116 
61,OW 

153 

5,~ 
243 
0.90 
58 
157 
830 

17,900 
570 

6,700 
360 

5,400 
381 

35 
14*cnl 

68 
0.3 
31 
25 

__ 

860 

I.600 
93 

12,100 
0.39 

16 
74 
1.7 
1.1 

I,- 
23 
4.5 
16 

8,500 
18 

ml 
34 

0.126 
8.1 
22 
100 

2,150 
82 

SW 
43 

7M) 
54 

0.11 
6.6 

__ 

__ 

1.2 
1,100 

__ 
__ 

3.7 
0.037 

1.3 
5.7 
._ 
__ 

130 
._ 

230 
11 

5,s 48 
0.021 0.0096 
CO.18 __ 

1.0 1.1 
<0.16 .- 

__ 
__ 
__ 

_. 

__ 

_. 

_. 

_. 
_. 
_. 
_. 
__ 
__ 
__ 
_. 
__ 
_. 
_. 
__ 
__ 
__ 
__ 

._ 

. . 
_. 
_. 
__ 
__ 
__ 

__ 
__ 

56 49 -- 
11.700 22,OW ._ 

36 20 -- 
2.8w 10.7w _- 
490 2,600 -- 
0.57 5.2 14% 
73 120 - 

2.500 27,OW - 
<220 - 100% 
2,900 1.600 - 
1,7w 3.500 -- 
4,2W 1.900 -- 

106 53 -_ 
910 1,700 -- 
112 46 -- 

190 260 -- 
0.052 0.019 -- 

1.1 0.24 -- 
2.8 10 _- 

0.041 0.047 -- 
0.59 2.2 -- 
270 920 -- 
5.1 50 -- 

<0.6 -- 59% 
0.77 0.76 -- 
170 600 -- 

0.50 0.6-I -- 
41 220 -- 
7.2 49 -- 

0.0071 0.057 18% 
1.4 2.6 -- 
39 440 -- 

<2.6 -- 100% 
40 53 -- 
26 58 -- 
59 140 _- 
1.5 3.5 -- 

12.5 0.59 -- 
1.6 0.47 -- 

<8.7 - 50% 
0.012 0.0019 -- 

la)% CO.18 - 100% 
<0.14 54% 

57% <0.17 -- 82% 



Analytical Results 

Table 5-2 (Continued) 

Adyte Group/ 
Sperje 

ESP I&I ESP outkt Stack 
95% DL 95% DL 95% DL 

units Avenge Cl Ratio Average CI Ratio Average Cl Ratio 
Boron 
Cadmium 
Calcium 
Chromium 
Cobalt 

ccpp= 
Iron 
Lad 
Magnesium 
MangMMc 
hkCU~ 

Molybdenum 
Nickel 
Rosphorus 
Potassium 
8dmium 
Sodium 
Strontium 
Titanium 
Vanadium 

Tc4al Metals 
Aluminum 
.‘Wim0ny 
Arsenic 
Barium 
Beryllium 
Boron (vqmr only) 
Cadmium 
Cnkium 
Chromium 
Cobalt 
copper 
Iron 
Lead 
Magnesium 
Maaganem 
MaCUry 

Molybdenum 
Nickel 
Pborphorur 
Potassium 
Seknium 
Sodium 
Stronlium 

pg/Nm 6,400 
rgmm’ 0.11 
rg/Nm’ 300 
fig/Nm 11 

M++ <0.74 
Psmm’ 1.1 
pgnw 140 

F%Nm’ <0.21 
pgmm’ 20 

@Jm’ <O.lO 
l&m’ 5.5 

rB/Nm’ <I.4 
#grnd 7 

PBmm’ < 16 
pgnw 10 

PBmm’ <0.22 
,‘8,NI”’ 240 
flglNm’ 2 
pgmrn 9 
PSn+J’ 1.2 

12,OW - 
0.93 16% 
110 -- 
140 - 

55% 
1.6 - 
120 -- 

100% 
18 -- 
._ 100% 

5.6 -- 
_. 52% 

7% 8% 
__ 100% 

130 2% 
_. 100% 

360 _- 
4 __ 

71 -- 
3 __ 

,&Id 870,000 24O.WO 
figned 33 25 
rmm’ 410 170 
~gmm’ 4,400 1,7w 
#gmm’ 93 16 
r%Nm 6,600 2,500 
pg/Nm 24 15 

IlsMm’ 163.3w 6.200 
pglNm’ 2.900 4,700 
Mmm 276 48 
Pmm’ 770 130 
,@?h’ 809.WO 98,030 
fiflm’ 710 290 
@Mm’ 42,000 11.200 
r%Nm’ 2,120 130 
pgmm’ 13 5.6 
FSmm’ 320 390 
rgmm’ 2,100 2,300 
&mm’ 2,100 1,600 
ImJm’ 157,WO 43 ,ooo 
Mmm’ 133 73 

#smm’ 46,lW 6,2W 
pgmm 2,920 580 

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

__ 
._ 

__ 
__ 
__ 

6,900 
0.10 
184 

co.73 
<I.0 
,.I 
50 

0.40 
12 

<O.ll 
5.6 

<I.4 
c2.9 
<I7 
20 

<0.23 
290 
1.4 
2.5 
1.0 

12.200 
0.41 

17 
75 
1.7 

6,900 
1.3 

1.m 
23 
5 
17 

S&G’3 
19 

670 
34 
5.7 
8.7 
24 
110 

2.200 
80 

1.000 
45 

1200 
0.31 

87 

1.2 
78 
1.1 
6.4 
__ 

1.1 
__ 

._ 

IW 
_- 

280 
0.28 
3.4 
1.3 

0.12 
6.6 

__ 

I.200 

__ 
_. 
__ 

1.9 
1,100 

_. 
__ 

3.7 
1.1 
1.4 
6.3 
_. 
__ 

130 
__ 
_. 

440 
21% <on64 

__ <40 

42% <0.67 
31% 0.39 
16% 1.2 

. . < 1.8 
20% <ox! 

_. <7.0 
100% <O.ll 

_. 3.0 
37% 0.12 
59% C2.6 
100% Cl6 

1% 37 
100% 0.80 

_. <II 
_. co.045 
__ <0.27 

12% 0.55 

__ 
. . 
_. 
__ 
__ 
__ 
. . 
_. 
_. 
_. 

._ 
_. 
_. 
_. 
._ 
. . 

._ 
__ 
__ 
. . 

200 
0.065 

1.2 
2.9 

0.099 
440 
6.63 
293 
5.4 

0.74 
2.0 
170 

0.61 
45 
7.3 
3.1 
1.5 
41 

< 10 
79 
27 
65 
1.5 

70 
__ 
__ 
._ 

0.77 
2.4 
__ 
__ 
__ 
__ 

0.27 
0.048 

__ 
__ 

% 
1.6 
__ 
__ 

0.57 

250 
0.026 
0.24 

10 
0.29 
70 
2.2 
830 
50 
4 

1.8 
600 
0.54 
230 
49 

0.44 
2.4 
430 
__ 

540 
57 
130 
3.5 

__ 
lW% 
52% 
100% 

._ 

14% 
50% 
lW% 
24% 
100% 

_. 
__ 

46% 
lW% 
0.4% 

._ 

100% 
100% 
58% 

_. 

. . 

. . 
__ 
_. 
__ 

. . 
_. 
. . 
_. 
. . 

_. 
_. 

__ 
_. 
. . 

100% 
__ 
__ 

_. 
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Analykal Results 

Table 5-2 (Continued) 

TWP’ 
Titanium 

ESP Inlet ESP Outlet Stack 
95% DL 95% DL 95% DL 

U&S Average Cl Ratio Ava Cl Ratio Averwe Cl Ftdio 

etim’ 55.CBYl 16,000 760 230 13 0.26 

Bo Vapor, Bbom 
Macury, Qmlalul 
Mcrcuy II 
Mercury. Methyl 
Mercury. Total 

Baavaknt cbmmium 
Chromium VI 
Total Chromium 

Ertnd M&k, Nitric 
AMhOllY 
Arsmic 
Barium 
Beryllium 
Bomn 
Cadmium 
Chmmium 
Cobalt 

%P- 
L.ead 
Mangsnclc 
Mc?cury 
Molybdenum 
Niid 
Selenium 
Vdium 

Extraci M&k, Gastric 
AUtim0Ily 
Areais 
Barium 
Buyllium 
Boron 
Cadmium 
Chromium 
cxxdr 

copper 
Lad 
Mmgmcsc 
MUWry 
Molybdenum 
Nickel 
8dmium 
Vanadium 

rgrnm’ 2,770 440 55 IO 

_. 
__ 2.2 

ram’ 2.0 1.8 

&Jm 4.1 1.4 

d+m 0.31 0.59 

fismm’ 6.4 1.1 

2.5 0.28 _. 2.8 
4.2 2 __ 0.47 
0.63 0.45 __ 0.044 
7.3 2.4 __ 3.3 

f&8 2.7 

l&8 43 

PBl8 220 

id8 4.1 

CBk 1,520 

rs’g 2.2 

fig/S 29 

Kg18 5.0 

rsk 32 

Pug 39 

Sk 120 

P%B 80 

CB’8 43 

@s/8 45 

&8 <23 

I@8 150 

I 
45 
145 
2.3 
857 
5 

30 
10 
36 
52 
87 
230 
59 
30 

__ 
__ 

__ 

_- 
__ 
__ 
__ 
__ 

5% 
__ 
__ 
__ 
__ 
__ 

0.4% 
__ 

100% 
__ 

<O.lW 
<0.560 

3.2 
98 

318 
5.4 

I.900 
10 
64 
17 
98 
116 
1000 
4.0 
72 
84 

<23 
270 

3.4 
40 
8.4 
5.8 

I.200 
I8 
61 
3.8 
32 
31 

3,Mo 
II 
21 
46 

__ 
_. 

__ 

__ 
__ 
__ 

__ 

160 
__ 

260 

_. 
8.1% 

__ 
_- 

100% 
__ 

5.8 
I60 
350 
10 

< 15 
67 
44 

<0.90 
I20 
91 
330 

<7.0 
51 

390 
<87 
390 

P8’g 0.71 0.095 -- 1.0 

Pd8 <0.68 __ 100% <0.66 

cs’g 103 55 -- 125 

rs’/s 1.1 0.61 -_ 2.7 

wk 698 4.6 -- 822 

@e/8 1.8 3.0 -- 5.9 

re/g 27 I3 -- 54 

Ksk 1.8 1.4 -- 5.5 

IrIsk 10 5.3 - 33 

P8k 9.4 9.6 -- 33 

P8’g 60 65 -- 46 

P&v8 I.9 3.0 -- 0.38 

Pia 29 22 -- 61 

fiti8 IO 21 -- 38 

@g/8 <0.88 __ loo% 18 

P8k <0.36 __ 100% 122 

0.4 
_. 

22 
0.66 
88 
3.2 
18 
2 

9.3 
7.1 
11 

0.22 
12 
22 
6.8 
19 

. . 3.4 
100% <2.5 

__ 210 
._ 4.2 
. . 150 
_. 12 
__ 85 
__ 11 
__ 51 
._ 66 
. . 350 
. . <0.15 
. . 49 
_. 170 
._ 140 
_. <I.3 

1 

1.1 
0.33 
0.041 
0.88 

__ 
__ 

__ 
_. 

__ 
__ 
._ 
__ 
__ 
__ 
__ 

__ 
__ 
__ 

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

_. 
__ 

-. 
_. 
_. 
__ 

100% 
IWA 

._ 

._ 

._ 

._ 

100% 

la)% 
__ 

100% 
__ 
__ 

100% 
._ 

. . 

100% 
__ 
._ 

__ 
__ 
. . 
._ 

lW% 
. . 
. . 
. . 

100% 
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halyrical Results 

Table S-2 (Continued) 

Adyte Group/ 
SpMde 

Extract Metals, Acetic 
AUtiUlOUy 
Arsenic 
Barium 
Beryllium 
Boron 
Cadmium 
Chromium 
cobalt 

&Ppcr 
Lsad 
Mangancsc 
MCtCUIy 
Molybdenum 
Nickel 
8dcDium 
Vanadium 

MetdsbySixe, >lO,m 
Percent of Total Mass 

AklmilUUU 

.4ldhOllY 
Arseaic 
Barium 
Beryllium 
Cadmium 
Cdlcium 
Chromium 
cnhalf 

copper 
lmll 
LMd 
Magnesium 
Mvlglutuc 
Mercury 
Molybdenum 
Nickd 
PkOrphOWS 

Potassium 
Sdcnium 
Silicon 
Sodium 
Svontium 
Titanium 
Vanadium 

ESP Inlet ESP Outkt Stack 
95% DL 95% DL 95% DL 

Units Average Cl Ratio Average CI Ratio AvmSe CI hi0 

Pa 
PC84 
r%s 
P&t 
P.sk 
Ire8 
P%B 
&8 
de 
I@8 
P8’g 
rs’g 
rp/8 
M/8 
P8k 
KS’8 

0.80 
1.0 
48 

0.32 
1,010 

1.6 
7.4 
1.5 
11 

0.21 
51 

0.70 
1.5 
8.6 

co.54 
1.5 

I.1 
0.63 
30 

0.54 
240 
2.9 

1 
0.87 

I4 
0.35 
52 
1.9 
5.3 
5.6 
__ 

1.0 

_. 
__ 
__ 
-_ 
. . 

. . 
__ 
._ 
._ 

__ 
._ 

41% 
. . 

0.88 
3.4 
44 

0.98 
910 
10 
I9 

6.0 
18 
1.5 
39 

0.13 
4.0 
23 
4.1 
5.0 

0.38 
3.9 
13 

0.53 
280 
27 
7.2 
7.4 
4.9 

0.98 
8.5 

0.38 
12 
1.0 
3.3 
10 

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

__ 
_. 
_. 
__ 
__ 
__ 
_. 
__ 
__ 
_. 
__ 
__ 
__ 
_. 
__ 
__ 
_. 

100% 
__ 
_. 

__ 
__ 
. . 

<0.03 
co.5 

I7 
2.9 

<0.82 
5.9 
36 
7.5 
64 
20 
470 

<0.38 
3.5 
66 
61 

<0.19 

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

100% 

loo% 
._ 
. . 

lW% 

_. 
. . 
._ 
._ 
._ 

lW% 
. . 
._ 
. . 

loo% 

% 57 

d/p 109,000 

P8’8 2.0 

Pg’8 26 

r%g 520 

P84 10 

@8/g 1.7 

ers’g 22,100 

Fs’g 184 

P&z 32 

P8’g 87 

r.sk 102,OW 

P8k 51 

Pdg 5.400 
P8k 238 

)Ig/g 0.50 

Ku&T 16 

rtis I21 

PSI8 <72 

lak 18,500 

Pg’8 I1 

A& 218,OW 

KS’8 4.6@3 
rs& 357 
Pd8 6,150 

35,000 
1.1 
8.4 
130 
5.6 

0.88 
lO.OW 

4.3 
4.4 
23 

2,500 
19 

2,OW 
17 

0.47 
20 
34 

._ 

. . 
__ 
._ 
. . 

. . 

2.700 
1 

20.000 
I,= 

97 
560 

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

100% 

. . 

. . 

. . 
__ 
__ 

I6 
72,OW 

3.2 
49 
390 
10 

3.6 
14.000 

213 
32 
102 

160,WO 
72 

3,700 
7w 
0.55 
43 
129 
<71 

14,600 
160 

175,OW 
5.5w 
294 

5,300 

16,000 
1.0 
21 
loo 
18 
1.8 

3.900 
35 
18 
33 

140,000 
31 

I.600 
1,100 
0.21 

I3 
96 
. . 

2,900 
210 

77,OW 
4wl 

58 
2.OW 

Pa3 293 45 -- 290 120 -- 
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Analpica/ Results 

Table 5-2 (Continued) 

And* Group/ 
Specie 

Mdak by Sin, 3-10 FIXI 

ESP k&t ESP Outkt Stack 
95% DL 95% DL 95% DL 

UniU Avwe Cl Batio Averwe CI Ratio Avwqe Cl aatio 

Pacent of Total Mass 
Alumhum 
AnthOlly 
Arsenic 
Barium 
BuyIlium 
Cadmium 
Calcium 
Chromium 
Cobalt 

COPF- 
IIOn 
JA¶d 
Magnesium 
Manga.ueu 
Mercury 
Molybdenum 
Nickel 
Pho~horus 
huskurn 
8ehium 
88k.m 
Sodium 
Strontium 
Titanium 
Vanadium 

MetaL by Sire, <3 ,an 
Percent of Total Mass 

Aluminum 
htimOtly 
Arsenic 
Barium 
Buyllium 
Cadmium 
Calcium 
Chromium 
Cobalt 

Copper 
Imn 
L.ead 
Magnesium 
h,.li~.U,olc 
MUCUry 
Molybdenum 
Nickel 

5-8 

?a 27 44 
Fe/p 118,000 23,000 .- 105,000 
Id8 4.8 2.7 - 8.6 
rg’g 71 31 - 127 
P%B 630 250 -- 629 
r%g I3 8.1 -- 18 
r& 5.8 3.6 -- II 

rgk l9,ooo 17,wo -- 14,000 
P8k 218 I6 -- 275 
P& 43 5.6 -- 51 
Pie 142 22 -- 170 

Pgk 64,ooo 19,OW -- 63,000 
Pa! 119 82 -- 191 
P8’g 6,350 520 -- 5.OW 
Id8 226 34 -- 280 
W’B 0.47 0.54 -- CO.48 
KS/g 46 34 -- 80 
PSI8 152 69 - 211 

Pb <73 -- IWA 228 
PB’8 21.800 3.300 -- 21.300 
48 3.1 7.3 6% 45 
118/g 231.000 14.OW - 218,000 
d8 6.7W 2,600 -- 7,900 
id8 384 II - 370 
rs/p 6.830 960 - 6,860 
mk 390 I90 -- 509 

46 I6 40 

Pd8 135,ooO 18,IXlO -- 122,ooo 
Pe/8 10 Ii.7 -- 13 
I%18 I60 110 -- 202 
Pgl8 780 400 -- 758 
#g/8 17 9.8 -- 15 
Pe/8 15 12 -- 21 
#8/S 19.000 13,WO -- l6.2W 
rg/g 246 65 -- 290 
@g/8 63 28 -- 64 
rat 195 52 -- 250 
rdlc 58.600 4.700 -- 67.900 
Pd8 180 120 -- 220 
#p/c8 7.500 1,sw - 6.700 
Ml8 267 79 - 319 
rtig 0.63 0.25 .- 0.39 
)r%g 103 72 -- 118 
P8/8 202 49 -- 235 

63,OW 
1.1 
II 
85 
IS 

2.4 

I.600 
65 
IO 
39 

14,Wo 
5.2 

4.2W 
110 
__ 

2.5 
73 
loo 

7.200 
33 

m.ow 
I ,5w 
120 
850 
91 

10,OW 
0.94 
54 
85 
5.0 
8.0 

2,100 
84 
IS 

180 
5,lW 
230 

3,500 
29 

0.15 
49 
52 

_. 
_. 

_. 
_. 

__ 
__ 
__ 
__ 
_. 
__ 

18% 
__ 
__ 
__ 
__ 
__ 
__ 
__ 
__ 
__ 
__ 

._ 
__ 
__ 
__ 
_. 
__ 
__ 
__ 
__ 
__ 

__ 
__ 
__ 
_. 

__ 



Analytical Results 

Table 5-2 (Continued) 

Amlyte Grwp/ 
Spsie 

lISPInlet ESP outlet Stack 
95% DL 95% DL 95% DL 

Units Average Cl Rho Avuqe Cl Retie Aver-e CI I&u0 
Pkophorus 
FWusium 
Sdezdum 
Silicon 
Sodium 
Strontium 
Tkanium 
Vaoedium 

Clraaics, AIdehyde 
Acualdcbyde 
Formddchyde 

orgdcs, semivoktik 
2-M&ylphcool(c-cnxol) 
4-Mahylphmol@-cm-sol) 
Acuopheaone 
Bawaic acid 
Be@ alcohol 
Butylbenzylphtbalatc 
Dibutylphthalats 
Diubylphthalate 
Dkr,eahylphthalate. 
Naphtkaleae 
PhaOl 
bis(2-Etkylhuyl)phthalate 

Oqenics, Voktik 
1 .I ,I-Trichloro&ane 
ACXtOtE 
Ben?cnc 
Catban Disulfide 
Chloromdhrac 
Mabylenc Chloride 
TUlXChlOK&KUC 
Tolumo 
Trichlorofluorometlwe 
m.p-xylene 

Dio~urcns 
Total TCDD 

rgk <499 -- 35% 820 790 -- 

PB/8 24,500 2,600 - 22.7W 5,700 

Pd8 <8.0 36% 60 43 

C8’8 223,000 38,WO - 207.000 18.000 

Id8 WJ’I 2,3W -- 8.300 2,800 
m/s 430 120 _- 429 91 

Pzsk 6.970 480 -- 6,890 170 

Cd8 2.700 9.100 -- 770 230 

. . 

__ 
_. 
_. 
__ 
__ 

lam’ 130 170 - 1.2 2.8 __ 8.7 9.2 
11s’Nm’ 61 56 -- 0.50 1.1 __ 24 35 

ngiNm’ 
oglNm’ 
nglNm’ 
og/Nm 
ngRJm’ 
ngmim’ 
nglNm’ 
ngmm’ 
ngmm’ 
wNm’ 

I .5w 
l.lW 

2.400 
140,WO 
2,300 
c230 
2.600 
260 

<II0 
900 

8,ooO 
1,400 

4,500 1% 
2,700 3% 
5,OW 1% 

lW.OW -- 
9.lW 4% 

_. 39% 
10,ooo - 

360 12% 
__ 100% 

460 -- 
ll.clW -- 
1.7w -- 

5.OW 
1,730 
3,260 

13o.OW 

4.OW 
340 

<I60 
190 
<% 

l.lW 
9,ooo 
15,WO 

ll.WO 
780 
750 

70,Wo 
18,OW 

170 
__ 

530 
. . 

I.000 
15,000 
41,000 

. . 
_. 
__ 

2% 
__ 

39% 
24% 
100% 

_. 
__ 
__ 

3,000 3,7w 
960 2,Mx) 

3.300 710 
Il9.ooo 5,ooo 
2.800 1,100 
3w 130 
170 260 
240 140 
180 560 

I ,500 980 
9.300 8,700 

1,400 I.400 

700 
l6,WO 
1,lW 
7,WO 
<460 

170,000 
l.ooO 
l.ZW 
9,ooo 

270 - 
63,000 6% 

680 - 

2%ooo 
100% 

540,000 -- 
SW -- 

2,OW -- 
27,ooO -- 

640 810 
3.600 6,300 
I.310 360 
2.300 I.200 
6.ooO 13,ooo 

130,OW 280,OW 
1.5w 2,300 
2.000 I.@Jo 
1,100 I.700 

_. 
3% 
__ 
. . 

3% 
. . 
. . 
_. 

18% 
-_ 
__ 
_. 

14% 
13% 
-_ 

1% 
_. 
__ 
__ 
_. 

16% 

ngmm’ 

ngltb’ 
ngNm’ 
nglNm’ 
ng/Nm’ 
ngrnm’ 
ngNm’ 
nglNm’ 

690 
<2&W 
1,470 
3,4w 
<530 

33,WO 
820 

I.200 
<540 
<540 

190 
_. 

240 
7.700 

__ 

37,000 
470 

1,lW 
__ 
_- 

100% 
__ 

100% 

__ 
__ 

44% 
40% 

ngMm’ 
ngrnm’ 

ngiNm’ 0.0067 0.008 
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Analytical Results 

Boric acid is added to dissolve the insoluble metal fluorides that are produced during 
digestion: This addition of boric acid makes the quantification of boron in the sample 
impossible. Silicon in the gas particulate sample cannot be isolated due to the overwhelming 
contribution of silicon from the filter media. 

The results presented in the data tables in this section of the report have been corrected for 
significant figures and may vary slightly from the detailed data summary presented in 
Appendix H. The number of significant figures reported is directly related to the order of 
magnitude of the 95% CI. Therefore, numbers with a small degree of variability will 
contain more significant figures than those whose CI is extremely broad. 

Detection limit ratios are presented where the mean value is derived in some part from 
results that are below the method detection limit. If all values used in determining the mean 
value were above the detection limit, then no DL ratio was calculated and is represented by 
I’-.” 

Flue Gas Particle Size Distribution Results 

Flue gas particle size distributions were measured in three runs at the ESP inlet, ESP outlet, 
and the stack. All of these measurements were performed with inertial sizing devices. The 
Andersen High Capacity Source Sampler was used at the ESP inlet. This device has two 
impaction stages, a cyclone, and a final filter. The University of Washington Mark V 
cascade impactor was used at the E-SP outlet and at the stack. This impactor was equipped 
with a right angle pre-cutter, eleven impaction stages, and a final filter. Because the cutpoint 
of the pre-cutter was close to the cutpoints of the first two stages, the weights of the pre- 
cutter and first two impaction stages were combined for the size distribution calculations. 

Since these particle sizing devices are inertial sizing devices, the particle cutpoints are 
reported from the field in aerodynamic micrometers. Conversion of aerodynamic diameter to 
physical diameter will be described and used in Section 8. Table S-3 gives the average 
cumulative particle size distributions for the ESP inlet, ESP outlet, and stack in terms of 
aerodynamic particle size for the three runs. As an example of how to read the tables, Table 
S-3 shows that at the ESP outlet, 15.5% of the particulate mass was found in particles with 
aerodynamic diameters less than 2.1 aero Frn. 

ESP Hopper Particle Size Distribution Results 

The particle size distributions of ESP hopper catches were also measured. ESP hopper, 
catches were collected once during Runs 1 and 2 and twice during Run 3. Field 1 and Field 
2 hopper catch composites were made and analyzed by Microtracs laser diffraction. This 
method measures particle volumes as a function of physical particle diameter. Table S-4 
shows the average cumulative percent particle volumes as a function of physical particle 
diameter for the ESP Field 1 composites and the ESP Field 2 composites, respectively. 
These results are discussed in Section 8. 
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Analytical Results 

Table S-3 
Flue Gas Particle Size Distribution 

EsPInlea 

ESP outlet 

stack 

Aerodynamic Particle 
Dieter (Awe q) 

12.0 

6.5 

1.8 

10.1 

4.3 

2.1 

1.14 

0.74 

0.57 

0.43 

0.33 

0.27 

0.16 

10.7 

4.6 

2.3 

1.26 

0.85 

0.67 

0.52 

0.41 

0.34 

0.21 

Average Mass Percent Less 
than Indicated Diameter 

32.6 

20.3 

3.8 

66.3 

35.0 

15.5 

7.4 

4.1 

3.1 

2.1 

1.4 

0.7 

0.7 

60.8 

52.6 

43.2 

30.0 

17.7 

11.7 

7.3 

3.7 

0.6 

0.6 
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An~ical Results 

Table S-4 
ESP Fields 1 and 2 Hopper Composite Catches 

HOPpa 1 Hopper 2 
Physid Particle Average Vohnne Physical Particle Average Volume 

Dieter PereentLessthan Dieter Percent Less than 
bhwicat 0) hlicated Diameh (PhssicaJ run) Indicated Diameter 

106 100.0 42 100.0 
7s 90.6 30 93.4 
53 76.6 21 83.9 
38 67.7 1s 72.5 
27 57.3 10.6 60.5 
19 46.4 7.5 47.9 
13 38.4 5.3 34.6 

9.4 30.5 3.7 24.5 
6.6 21.2 2.6 17.2 
4.7 15.0 1.7 11.1 
3.3 8.2 1.01 6.0 
2.4 3.5 0.66 2.7 
1.7 2.1 0.43 0.8 
1.0 0.7 0.34 0.3 

0.66 0.1 0.24 0.1 
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Analytical Results 

FGD System 

Analytical results for influent and effluent streams associated with the JBR have been 
compiled and are presented in Table 5-5. Mean results are presented for the limestone 
slurry, the JBR underflow slurry and the inlet and outlet gaseous streams. These data are 
also presented elsewhere in this section with 95% CI and DL ratios. 

Solids 

Data for the solid streams have been summarized and are presented in Tables 5-6 to 5-9. 
Table 5-6 contains data representing the co&l feed section of the process. Table 5-7 
represents the primary ash streams exiting the boiler, Table 5-8 contains ESP hopper ash data 
and Table 5-9 contains data from the JBR/FGD removal process. 

Liquids 

Liquid streams data have been summarized and are presented in Tables 5-10 to 5-12. Table 
5-10 contains data from the ash sluice system. Table 5-11 presents the FGD process stream 
data and ancillary streams such as the cooling water and coal pile run-off are in Table 5-12. 
As with the gaseous results, the only organic results that are presented are for those species 
which were detected. Detailed results are contained in Appendix H. 
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Analytical Resulrs 

Table 5-5 
FGD System Summary 

Specie 

Liiestone JRR Undertlow ESP 
-9 Slurrg outlet StSCk 

Aqueous Solids Aqueous Solids Total Total 
WmL) W&9 WmL) b%k) Ocgmm’) Gcgmm’) 

Alumiaum 0.26 
AUthlOU~ CO.24 
.4menic 0.07 

BMilUU 
Beryllium 
Bomo 

cadmium 
Calcium 
Chromium 

4 
co.0055 

1,400 

0.0067 
7,070 
0.063 

cdmlt 
copper 
hm 

0.09 
0.04 

<ox6 

Lad 0.0017 
Magnesium 1,900 
MEUlgpnSS 40 

M=V 0.00006 
Molybdenum 0.21 
Nickel 0.8 

PhOsphONS 0.16 
Potassium 140 
Selenium 0.128 

silicm 
sodium 
Strontium 

Titanium 
Vanadium 

7 
290 
40 

0.5 
0.19 

760 12.3 
0.019 <0.19 
co.33 0.20 

5.39 3.39 
0.143 0.0069 
202 1,400 

0.608 0.456 
392,000 17,000 

13.4 0.07 

1.48 0.304 
3.71 0.239 

2,510 <0.048 

0.98 0.013 
1,390 1,800 
429 307 

<0.012 0.001 
0.23 0.064 
4.0 1.52 

110 0.720 
338 123 
8.4 0.50 

370 42.4 
55 244 
112 32.9 

<0.16 0.82 
6.7 0.24 

1,100 
0.073 
-Co.41 

12,200 
0.53 

17 

200 
0.41 
1.9 

4.02 75 3.2 
0.129 2.4 0.43 
425 693J 440 

0.247 
255,- 
coo 
11.3 

1.3 1.2 
1,900 300 

24 6.4 

0.99 6.0 0.74 
2.73 18 2.0 
2,190 WOO 170 

0.84 19 1.3 
810 670 47 
103 35 7.9 

0.178 5.7 3.1 
1.48 9.1 1.5 
2.8 25 42 

88 120 < 19 
310 2,200 80 
25.5 80 27 

447 
84.1 
73.8 

l,O@J 
45 

20.9 760 
9.9 55 

71 
2.1 

13 
2.2 
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Analytical Results 

Table 5-6 
Coal Data 

Ftsdconl Ftsdconl Raw coal Raw coal Puherizer Rej& Puherizer Rej& 

Ihas Avaye “c: Ihas Avaye “c: 
DL DL 95% DL 95% DL 95% DL 95% DL 

spcie spcie Ratio Awage CI Ratio Awage CI Ratio Averqe CI Ratio Averqe CI Rati Rati 
chloride chloride p&I/g 1,400 90 p&I/g 1,400 90 1,350 1,350 220 220 510 510 100 100 
Fluoride 

Mcull *uminum 
AlltimO”y 
Ancnic 
BWi”lT 
Bcrulljum 
Boron 
BIWlliQC 
cadmium 
Calcium 
chloliac 
Chmmium 
c0b.n 

CWQ= 
hll 
Lad 
Magnesium 

M-S=-= 
MWC”ry 
Molyhdemm 
Nickel 
Flmcphonu 
Pouasium 
Selenium 
Silver 
Sodium 
SmntiUm 
rii 
Titanium 
Unnium 
Vanadium 

“,linu~/Roxim9~ % Ash 
% Carbon 
% Hydqen 
% Moilfurr 
% Nilmgcn 
% Oxygen (diff.) 
% SUlfw 
Fixed Ca*m 
Higher fluting 
“due 
lidrIg value 
Btru) 

WI8 
rOl8 
M/8 
W/8 
Ml8 
W’S 
WI8 
W/8 
.@8 
W8/8 
rSl8 
W/S 
@8/S 
M/S 
W/S 
W/p 
W’S 
W/8 
rYf8 
WI8 
W/S 
M’S 
W/S 
M’S 
W/S 
W/S 
W/S 
W’S 
WI8 
M’S 
W/S 

% 
% 
% 
% 
% 
% 
% 
% 

alum 

100 0 
14,500 1,400 
0.61 0.16 
2.3 I .4 
So 51 
1.1 0 
loo 0 

7.44 0.53 
0.30 0 
2,100 1,300 
1,240 100 
24.8 2.9 
3.5 1.9 
36 62 

11,400 1,100 
8.0 2.5 
570 170 
23.4 3.3 
0.077 o.cr29 
22.3 6.1 
30.0 6.4 
S4 16 

3.300 no 
1.3 1.4 

<0.52 - 
631 82 
74.9 9.3 
<l6 - 
890 170 
I.8 0.6 

39.4 I.2 
Il.1 1.4 
72.0 0.52 
4.83 0.014 

1.52 0.14 
7.74 0.62 
2.74 0.29 
50.8 2.5 

12,697 64 

MAQ Bw 14,290 I60 

123 
14,300 
0.62 
3.0 
II2 
1.13 
I10 
7.4 
0.53 

3.000 
I.210 
25.8 
4.08 
42 

12,800 
9.0 
660 
24.4 
0.043 

I8 
40 
100 

3,IOO 
2.3 

100% <0.41 
679 
88 

100% <I7 
850 
I .60 
37.7 
12.2 
70.8 
4.76 
II.7 
1.45 
7.92 
2.90 
50.7 

12,590 

14,330 

37.1 

38 
3,100 
0.33 

0 
I9 

0.14 
25 
1 

0.72 
1,300 
I40 

0.37 
0.19 
50 

1,700 
4.3 
58 
5.9 

0.014 
II 
I4 
120 

2,300 
1.4 

89 
14 

170 
0.37 
6.3 
2.5 
I.2 

0.17 
2.2 

0.052 
0.93 
0.36 
0.74 
270 

I50 

I.9 

323 29 
27,200 9.600 

I.2 0.45 
47 45 

330 520 
I.5 1.9 
120 120 
4.3 1.5 
4.1 8.6 

12,700 6,500 
590 130 
64 I4 
7.8 0.8 
68 85 14% 

127,OW 17,coO 
37 32 

1.370 320 
99 53 

0.13 0.29 
I3 20 

<I20 66% 
I.503 2,200 
2.700 6,6W 

8.7 3.8 
100% <I.9 59% 

I.110 240 
450 460 

100% <31 49% 
1,980 II0 
4.1 1.9 

J9.8 8.2 

38.5 4.2 

16.0 2.3 

“&tile Muter % 37.0 2.7 
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Analytical Results 

Table S-6 (Continued) 

F&Cd Raw cod PdruirerRejeds 

AndYte 95% DL 95% DL 95% DL 
Cm& 

Radiormclidu 
spsie Units Avm CI Ratio Average CI Ratio Aserase Cl BaGa 

Actinium-228 8 0.33 0.29 Qci/g 
338 Rev 
.4cdlli”m-228 @ 
911 Kcv 
AOtiaiVm-228 8 
968 Kev 
Bismuth-212 @ 
727 KeV 
Birmuth-214 0 
ll20.4KcV 
Bismuth-214 @ 
1764.7 KcV 
Bismuth-214 @ 
609.4Kev 
xc40 @ 1460 
KCV 
Lad-210 0 46 
KCV 
Lad-212 0 238 
KCV 
Lad-214 0 
293.2 &V 
Lad-214@ 352.0 
KeV 
Radium-226 8 
186.OKeV 
Thallium-208 * 
583 Kev 
Ttdlium-208 @ 
864 Rev 
Tholium-u4 0 
63.3 X.3’ 
nloIium-234 @ 
92.6 KcV 
Urn&m-235 0 
143 Rev 

PCUS 0.33 

0.07 

ND 

0.93 

Qci/g 0.10 

Pci8 

QCi8 

0.67 

1.4 

Qci/S I.3 

pa/g 0.20 

PcilB 

QCi8 

0.63 

0.63 

Pcils I.17 

Qci/g 0.30 

ND 

Qci/&! 1.0 

Qci/S 0.67 

QC&? 0.07 

0.14 

0.29 

0.38 

0.43 

0.14 

3.6 

0.9 

0 

0.14 

0.14 

0.77. 

0.25 

I.4 

0.38 

0.29 
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AnalyNcal Results 

Table S-7 
Boiler Process Solids Data 

-Aab stdced Fly Aah 
Amhie 95% DL 98% Dl. 
G&p spcie UlliiS A7eq.e Cl iaio Average Cl I& 

130 170 13% <loo - 100% 

Metals 

IJltiilWC/RVxinvte 

Radionucries 

Chloride 
“uoridc 

Aluminum 
hliU!LXly 
Anenic 

Barium 
Beryllium 

Boron 
C.dmium 

Calcium 

ChlOmi”Ul 
CCb.b 

Capper 
Iron 

Lad 
htagmsium 

MMgamcr 
MWC”‘-y 

Molybdenum 
Nickel 

Pborphmr 
Potassium 

Sclcni”m 

Silicon 
Sodium 
SlKHXiUlU 

Tiunium 
Vanadium 

% cm%on 
% S”lfu 

Actinium-22* @ 338 KeV 

Actinium428 Q 91 I KeV 

Actb~ium-228 @ 968 KcV 
Bismuth-212 @ 727 KeV 
Bismuth-214 8 ll20.4KeV 
Bismuth-214 @ 1764.7 KcV 

Bismuth-214 @ 609.4 KeV 
K-40 B 1460 Ke” 
Lad-210@46Ke” 
Lad-212 @ 238 KcV 

W/8 
lrgl8 
#S/S 
&S/S 

H/S 
Pa 

W/S 
S/S 

W/8 

w/s 

Wk 
*s/s 
M./S 

W’P 
W/S 
Wk 
MSk 

IrsJs 

w/s 
W/S 

@8/S 
K?k 

W/8 
W/S 
IrE/% 

N8’8 
PSI8 

P8/8 
% 
% 

Qci/g 

Qci/g 

pCitg 
pCi/g 
pCi/8 
pCi/g 

pCi/g 
pCi/g 
pCi/g 
pCilg 

32 26 99 67 
76Wl ll,cco 98,cQO 8,ow 

I.14 0.20 339 2.04 
7.2 6.2 61 37 
457 66 496 87 
7.7 2.9 11.1 3.1 
280 170 470 230 
0.32 0.39 4.10 3 

20,300 3,4OQ 13,800 2,w 
192 18 Ill5 21 

31.6 4.3 36.9 5.8 
77 I8 104 23 

130,000 31,Oml 89,wo 22,@30 
20 3.8 83 40 

3610 820 4,880 350 
270 56 245 46 

co.011 - 70% 0.150 0.12 

<3.0 - 39% <*4 29% 
I31 I5 143 32 
400 210 70 I40 

14.200 1,100 18,210 l,WO 
<I - 100% I2 II 

213,wO lI,wo 219,wO 7,600 
36.10 580 5,100 1,200 
280 41 322 30 

5,550 560 6,330 750 
277 29 327 58 
2.3 4.2 4.50 2.7 

0.15 0.41 0.134 0.041 
2.1 0 2.37 0.14 
2.20 0.25 2.33 0.14 
2.2 I 2.50 0.25 
3.0 1.2 2.60 0.99 
7.4 1.3 6.50 2.4 
6.8 2.2 5.90 I.8 
7.1 1.5 6.50 1.4 
16.7 2.9 IS.0 2.5 
1.37 0.52 6.40 2.7 
2.03 0.72 2.20 0.25 
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Analytical Results 

Table 5-7 (Continued) 

Botlomhh shlixdwm 

Apslyte 95% DL 95% DL 
G-P specie unit.5 Avqe CI Ratio Averpge CI Ratio 

RadionucIidu (Coa’d) Lad-214 0 295.2 KeV Pw 7.3 1.9 6.50 1.4 

bd-2I4@ 352.OKe” pCi/g 7.6 1.8 6.60 1.3 
Radium-226 0 186.0 KeV Pm 10.3 1.5 9.9 2.9 

l%allium-208 0 583 KcV pCilg 2.20 0.43 2.23 0.29 

lhllium208 0 860 KcV pCi/g 1.9 4.2 2.97 0.14 

Thotium234 @ 63.3 KeV pCi/g 5.77 0.76 6.60 4.3 
l’tmium-234 Q 92.6 KeV pCi/g 5.0 1.3 5.00 2.2 

“nnivm-235 @ 143 Kev pCi/g 0.31 0.16 0.220 0.15 

crpdcn, scmivohtilc 2-MUhyiruphthalcne wk 34 97 22% <26 - 100% 
hi@-Elhylhexyl)phtite wk <86 - 26% 230 520 2% 

5-18 



Analytical Results 

Table 5-8 
ESP Hopper Ash 

m Hopper Ash-M 1 ESP Hopper Ash-FL&l 1 

Eg 
95% DL 95% DL 

m USIS AWW CI Bati0 Average CI Bali0 

350 650 5% <lo0 100% Anions 

Metals 

Radionuclides 

Chloride 

Pluorid.3 

Nurdnum 

-Y 
Anclde 
Barium 

Bayuium 
Cadmium 

Calcium 
chmmium 

Cdldl 

copper 
II-00 
Lud 
Magnesium 

Manganw 

Mcnc”y 
Molybden”m 

Nickel 
PhoIphoNr 

Iwm.ium 

Selenium 
Silicon 

Sodium 

Smmivm 

Titmium 
Vatudium 
~ainium-228O338KeV 

Actinium228@91lkV 
Achium228@968KcV 

Bimth-212@727KeV 
Bismuth-214 @ 1120.4 
Kc” 
Bismuth-2I4@ 1764.7 
KcV 
Bismuth-2148 6C9.4 KeV 

K-40 8 1460 KeV 
Lad-210 @ 46 KeV 
Lead-212 8 238 KeV 
Lad-21 4 @ 295.2 KcV 

Lad-2,4@ 352.0 KeV 
bdium-226 @I 186.0 KeV 

wk 
@KS 
Plds 
Psk 
Ids 
Psk 
w/s 
wk 
wk 
#Sk 
w’s 
Psk 
ugk 
@Sk 
KS’S 
w/s 
Ido 
wk 
W'S 
WC8 
Psk 
ads 
ds 
Wk 
Ps/s 
Pds 
wk 
pCi/g 
pCi/g 

pCi/g 

PCdg 
pCilg 

90 49 125 91 
97,ow 51,mm 89,ooO 11.000 
2.99 I.01 4.19 1.38 
46 II 71.9 9.8 
490 150 493 98 
10.9 3.3 17.2 3.4 
3.26 0.72 5.42 0.69 

17,900 6.400 15,640 960 
183 31 220 110 

34.0 4.1 42 6 
98 26 150 150 

9o.ooo 17.coO 80.000 8,600 
72 II 96 20 

4,600 2.700 4,100 l.ooO 
219 52 216 25 

0.119 0.087 0.18 0.18 
25 19 49 32 

127 28 158 31 
IW 140 12% <72 100% 

17.4co 3,100 18,100 1,100 
9.3 4.7 16.6 3.3 

273,Ow 35,col 215,ooO 15.Ocm 
5.200 1,200 6.CKW 1400 
320 120 327 4, 

6.120 190 6.450 290 
305 37 357 55 
2.13 0.38 2.17 0.38 
2.10 0.43 2.2 0.5 
2.43 0.87 2.63 0.14 

2.8 1.6 2.8 1.3 
6.1 2.6 6.27 0.76 

pCi/g 

pCilg 
pCilg 
pCi,g 

PCdg 

PC3P 
pCilg 

5.9 2.3 5.7 0.9 

6.2 2.1 6.0 1.9 
17.0 4.3 17.3 I .4 
5.43 0.72 7.8 1.4 
2.10 0.75 1.87 0.76 
6.1 1.5 6.0 I.2 
6.2 2.1 6.1 1.1 
9.0 2.2 9.7 2.8 
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Analytical Results 

Table S-8 (Continued) 

A-m 
GWP m 

Radiwuslidcs (Cmt’d) 

Thdlium208 8 583 KcV 
Th.Uiu,n-208 @ 860 KeV 

,‘hmiue234 @ 63.3 KeV 

‘hxium234 @ 92.6 KeV 

U”ni”m-235 @ 143 KcV 
Orgtics, 8emivoMilc bis(l-Ehylhexyl)phthalatc 

units 

PW 
pCilg 

pcilg 
pCilg 

pCi/g 
49s 

JZSP Aoppr ‘4swwd 1 m Hopper hrh-ficld 2 

95% DL 95% DL 
Al-K9 CI anti0 Average CI Ratio 

2.07 0.29 2.17 0.38 
2.1 1.9 2.2 4.8 

5.6 2.2 5.5 1.6 
4.3 1.6 4.8 1.6 

0.22 0.17 0.9 2.8 
190 780 3% 200 590 2% 
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Analytical Results 

Table 5-9 
FGD Process Solids Data 

JBR LhdafIow 
SlUTYSOlilk Iim~surrysolIds Raw Lim- IW Lim- 

w 98% DL 95% DL ^-- -L 95% DL 
GWP m Units Am-age CI Ra,io Avwe CI L”sIc L1 -vu “.“.sS L.1 IWio Average CI Ratio ..A0 

Aniom 9,550 720 4,100 2,900 179 47 179 47 .~ 0 Chh-idc 

Meld, 

,+mids 

S”lfue 

s”nite 
Nmiwm 

AntimOny 
Arsenic 

Baium 
BeryUium 

wk 
Wk 
w/s 
Psk 
M/K 
wk 
#Sk 
Ids 
wk 

&Sk 
w/s 

lrgk 
W/P 
#Sk 
Mk 
wk 
wk 
#s’s 
wk 
Psk 

Psk 
Ids 
w/s 
Psk 
wk 
&Sk 
@Sk 
rsb 
Ids 

Psk 
W% 

750 
496,300 

<240 
1,100 
0.073 
<0.41 

4.02 

0.129 

140 

8,700 

85.0 46 59.0 19 

- 100% 
190 760 320 980 160 

0.028 0.019 o.M)3 osA7 0.01 
- Loo% <0.33 - 100% <0.33 - lW% 

0.94 5.39 0.66 4.87 0.59 
0.066 0.,43 0.017 0.137 0~328 

BOIU” 

Cadmium 

425 43 202 88 3.5 1.3 
0.247 0.035 0.608 0.042 0.332 0.016 

Calcium 
ChPXli”Ul 

C0h.b 

-FT- 
Iron 
Lad 
M.gnesi”rn 

Mulg.neu 

?&I%“~ 

255,Oc4 I5,ow 392,0&l 27,WO 395,wo 9,ow 
11.3 2.5 13.4 2.3 9.80 0.64 
0.99 0.43 1.48 0.51 1.30 0.62 
2.73 0.81 3.71 0.48 1.5 1.1 

2,190 370 2,510 670 ,,787 57 
0.84 0.21 0.98 0.11 1.1 0.2 
810 100 1,390 190 1,233 29 
103 II 429 33 207 6.6 

0.178 0.055 <0.012 - 29m 0.005 0.012 40% 

Molybdenum 

Niskcl 

Phmphomr 
Pouuium 

SckniUrn 
Silicon 

Sodium 
Stnmium 

liunium 

I .48 0.56 

2.8 1.3 

88 29 
310 160 

25.5 1.2 
447 73 
84.1 7.8 

73.8 7.4 

20.9 7.1 

M&c&n 
Vanadium 
Percent M&lure 

9.9 

ND 

0.05 

ND 

2.1 

0.23 

0.230 0.4 
4.00 2.5 

110 IO 
338 86 
8.40 2.8 
370 220 
55.0 19 
112 5.3 

<0.16 - 100% 

6.7 4.3 

<0.222 - 50% 

3.16 0.88 

108 31 
363 45 

3.9 2 
440 110 

20.9 2.5 

108 2.5 

30 110 0.w 
2% 

8.13 0.41 
8.7 1.4 

0.30 0.19 Iladionuclides ~&i”m-228 @ 338 pCi/g 
l&V 
Actinium-228 @? 91 I pCilg 
KCV 
A&ni”m-228 @ 968 pCik 
KCV 

0.17 0.38 

ND - 
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Analytical Results 

Table 5-9 (Continued) 

JBR uudemow Sony 
SOB& Lim?siMe suny solids RmvLimestMe 

h&e 95% DL 95% DL %% DL 
G&p m IJ& AIPI’W CI Ratio A.em@ CI IMio Avera$e CI Ratio 

Bi,m,th-212 0 727 
KCV 

Bisnmth-214 0 
1120.4KeV 

Bim”tb2l4 0 
1764.7 Kev 

Bismuth-214 0 609.4 
KeV 
K-408 1464&V 
bad-210 0 46 KeV 

Lad-212 @, 238 KeV 

Lead-214 0 295.2 
KCV 

Lad-2,4@352.0 
I(rV 
Radium-226 @ 186.0 
KeV 

lbliiu,,,-208 @ 583 
KeV 
nuuium-208 8 860 
KeV 
Thori”m-234 8 63.3 
KCV 

l%mi”m-2)4 0 92.6 
KCV 

Uranium-235 @ 143 
KCV 

Ndehydes AccWdehydc 
Fcmmkkhydc 

Organic+ Scmivoktik hia(l-Elhylhcxyl) 
phth.l.te 

PW 

pCi/g 

pa/g 

pa/g 

pa/g 

pCi/g 
pCi/g 

pCiig 

pCi/g 

pCi/g 

pa/g 

PC% 

pCi!g 

pCi/g 

pCi/g 

ND 

0.25 

0.11 0.27 

0.11 0.23 

ND 
0.30 

0.09 

1.1 
0.05 

0.05 

0.140 

0.33 

0.20 

0.23 

0.075 

0.72 

0.21 

Nu 

0.19 0.8 

ND - 

ND - 

0.32 0.32 

0.15 0.14 

0.39 0.86 

0.2 1.1 

0.113 0.038 

0.19 0.11 

0.193 0.072 

0.42 0.9, 

0.07 0.3 

ND - 

0.12 0.53 

0.20 0.44 0.08 0.36 

ND ND - 

<O.lO 

<O.lO 

100 

- 100% 

- 100% 

350 15% 
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Analytical Results 

Table 5-10 
Liquid Ash Sluice System Data Summary 

BOttOlUAShS”iC~ EsPPlyAYhS”ice 
AshPondWater Ixltnte Iaraie 

Ansbtc 95% DL 95% DL 95% DL 
GYP m Units A.aqt CI R.bb A.-e CI llntio Aserqe CI Ratio 

RduscdSpcsier Cyanide #ghI. 0.0019 o.om4 - 0.002 0.0011 - 0.0015 0.0016 - 
AmmonL.IN 

Anions Chloride 
Fluoride 

Fhorph8e 
Sulfale 

Met&, Solubk Numinum 

Anlimony 
Amenic 

Barium 
Beryllium 

Bomn 
Cadmium 
Calcium 
Chromium 

Cobalt 

=VP= 
Im" 
Icad 

Magnesium 

Mang*nue 

MWC"ry 
Molybdenum 
Nickel 

Phorphonts 
Poursium 

Sclctdum 
8iliCO" 

Sodium 

Sl*"ti"m 

Tin 

Tiunium 
Vanadium 

hkU16. Torn, Aluminum 

PUlli~O"Y 
An&c 
&li"tIl 
Beryllium 

Boron 

0.20 0.12 - 
8.9 1.9 - 

0.43 0.11 - 
<0.014 - 100% 

113 I2 - 

0.014 0.012 - 

<on24 - 100% 
<O.W066 - 100% 

0.155 O.mS - 
<0.00055 - 31% 

1.08 0.23 - 
O.W11 O.WlO - 
32.8 3.5 - 

<0.0025 - 53% 

<0.0034 - 60% 

O.W44 om49 - 

5.40 3.8 - 
0.008 0.011 - 

3.11 0.17 - 
0.560 0.21 - 

o.oMx)6 0.000043 - 
0.035 0.021 - 

0.0197 o.al55 - 
0.070 0.18 16% 

5.34 0.78 - 
O.Wl9 0.0037 - 

3.45 0.7 - 

12.4 0.75 - 

0.342 0.020 - 
<0.0,4 - 84% 

<o.a724 - 62% 
o.w50 0.016 - 

0.18 0.39 - 
0.018 0.012 - 

O.OCQ7 0.0014 - 
0.153 0.032 - 

O.OW26 O.wO64 - 

1.03 0.16 - 

0.45 
7.9 

0.281 
0.025 

81 

0.31 
co.024 
0.024 

0.102 
<o.w055 

0.87 
0.0011 

39 
O.W31 

<0.0034 
0.0180 

0.0280 

O.OlW 

2.3 
0.05 

O.CCW4 
0.072 

0.005 
0.11 

4.4 
0.0039 

4.7 
9.4 

0.28 
<0.0,4 

O.W13 

0.029 

0.43 

1.1 
0.046 
0.037 

34 

0.31 

0.088 

0.084 

0.64 
0.002, 

23 
0.0026 

0.047 

0.034 

0.013 

1.6 

0.12 
o.cKo7 

0.083 

0.014 
0.13 

2.7 
o.cm9 

0.5 

2.2 

0.31 

O.CGZZ 
0.049 

100% 

4% 

100% 
. . 

43% 
13% 

0.38 0.08 - 
10.4 1.6 - 
0.74 0.57 - 

0.023 0.047 14% 

340 510 - 

1.0 3.3 - 

<on24 - 67% 

0.017 0.049 - 

0.24 0.16 - 
<o.oofJs5 - 100% 

IO I5 - 
0.0027 0.004 - 

140 170 - 
0.0480 0.05, - 

<0.0034 - 98% 

0.0026 0.0015 - 

0.0060 0.015 - 
0.0348 O.W36 - 

4.5 2 - 
iOZ0 0.045 - 

<o.ocoo4 - 38% 
0.62 0.98 - 

0.024 0.026 - 
0.14 0.26 7% 

12 17 - 
0.035 0.04 - 

4.1 2.7 - 

22 25 - 

0.62 0.66 - 

0.0040 0.015 - 

0.016 0.&57 - 
0.07 0.12 - 
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Anaiytical Results 

Table S-10 (Continued) 

AshPcmdwatw 
BOUOlU&IlSdC~ EspPIyMls”icc 

Rltlate ITItmte 

9% DL 95% DL 95% DL 
m Undk Averqe Cl RaGu Am-age Cl Ratio Averqe Cl Ratio 

MCuk, Total C.dmium &mL 0.0018 0.0039 - 
(Cam’d) 

Calcium 
Chromium 

Coblh 

-QP- 
Imn 

Lud 
Magnesium 
Ma”g.lme 

Mercury 
Molybdenum 

Nickel 
Phcaphorur 
Potassium 

KCl.Xi”~ 

siwll 
Sodium 

Smnti”m 

Tii 
TiLmium 
Vanadium 

Aldehyder AM.ldehyde 

Formaldehyde 

orgmicr, Cicthylphthahte 
S~ili”Oklik 

33.7 
0.0016 

O.CQ538 
0.0073 

10.2 
0.017 

3.17 
0.56 

O.woO5 
0.084 

0.024 
0.027 
5.74 

OS-048 

3.70 
12.8 

0.34 
<0.0*4 

O.OC.XS 

0.024 
0.08 

0.015 

<0.39 

2.7 
O.Wll 

0x0077 
o.w51 

5.4 
0.057 
0.20 
0.21 

o.Mxxn 
0.034 

0.013 
0.052 
0.83 

ON26 
0.73 

1.9 

0.026 
50% 

O.OW98 
0.011 
0.17 

O.Ml 

0.080 0.16 - 0.04 0.1, - 

0.023 0.036 - 0.03 0.048 - 

100% 0.5 1.3 24% <0.38 - 1wm 

orgmicr, 
VOklik 

Methykne Chloride ,&I. <5.0 - 19% <5.0 - 46% 4.9 2.9 - 
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Analytical Results 

Table S-11 
Liquid FGD Process Stream Data Summary 

JBR IJndemmv surly Lim&oncb9”m 
Gw Pod Water Pmmte Iskraie 

Anslyte 95% DL 95% DL 95% DL 
GYP m Unik Averase CI Ratio Alwe CI Ratio Aveqe CI Ratio 

Reduced Species Cyanide pghL 0.0486 0.0046 - 0.082 0.1 - 0.050 0.1 - 
Atntnmk II N 

Aniom Chloride 
“uaride 

Plloap~te 
Sulhlc 

SUllitC 
MeIlk, Sd”bk Numinum 

ARtimOnY 
Arsellio 

Bk”Zl? 
Beryllium 

B‘xoo 
Cadmium 

Cdeium 
ChlWlli”lll 

C0b.h 

Copper 
Iron 
Lad 

Mqnesium 

?d.ng.ncr 

MWC”l-Y 
MOl$Xk~“fll 

Nickel 
Pbcmphomr 

Fbtusium 
Se,eni”m 

Silkon 
Sodium 

Smntium 
Ti” 
Tilmium 
Vanadium 

Metals, TOtal Numinum 
AntimOllY 
Ar%llic 
Bk”lll 

Beryllium 
B.XW 

pg/mL 15 3 - <40 - 19% 14.1 2.4 
,&nL l6,4W 4.100 - 26,100 4,200 - 13,lW 2,100 
w/d 14.9 3.1 - 31.0 16 - 1.84 0.95 
#s/d 0.033 0.021 - 0.050 0.15 7% <0.020 - 
,“g/mI. 980 140 - 712 65 -- 780 160 
pglmL ’ - - 0.033 0.038 - - - 
l&!/d 0.76 0.68 - 12.3 4.7 - 0.260 0.85 
Irg/mL <0.24 - 100% <0.19 - lW% <0.24 - 
Ps/d 0.127 0.027 - 0.200 0.26 - 0.070 0.13 
us/d 1.19 0.057 - 3.39 0.29 - 4.00 II 
pg/mL <o.w55 - 68% 0.0069 0.0047 -- <o.w55 - 

Plm- 533 89 - I.403 190 - 1.400 4,100 
ss’d 0.149 0.035 - 0.456 0.065 - 0.0067 0.0026 
#s/d 8.100 2,100 - 17.000 lO.wo - 7.070 190 
PsfmI- 0.101 0.03 - 0.070 0.091 - 0.063 0.047 
i&J- 0.11 0.13 - 0.304 0.0029 - 0.090 0.3 
P&L 0.057 0.048 - 0.239 0.086 - 0.040 0.11 
&nI. <0.060 - 100% <0.048 - lW% <o.c60 - 
pghL o.w22 0.0072 16% 0.013 0.0089 - 0.0017 0.0013 
,,ghI. 690 120 - I.800 100 - I.900 5,6W 
Ps/d 120 20 - 307 41 - 40 110 
#glmL o/x024 o.cxm22 - O.WIO O.Wll -- o.Ocw57 1e-05 
&s/d 0.087 0.068 - 0.064 0.016 -- 0.210 0.63 
Irgld 0.62 0.14 - 1.52 0.32 - 0.800 2.3 
N&T/d 0.34 0.13 - 0.72 0.13 -- 0.160 0.19 
&rLL 52 I* - 123 8.6 -- 140 420 
Psl~ 0.36 0.23 - 0.5 I 0% 0.128 0.049 
w/d 15.8 2.7 - 42 6 _. 7 21 
pgkd. 97 16 - 244 5 _. 290 860 
#KimI- 132 2.1 - 32.9 4.3 -- 40 110 
Fsfd 0.18 0.6 13% <0.,4 - 100% <0.14 - 
#s/d 2.19 0.45 - 0.82 0.13 -- 0.5 1 
wld 0.322 0.055 - 0.24 0.22 -- 0.19 0.23 
lrdd 2.04 0.69 - 
p&L <0.14 - 100% 
PdmI- 0.127 0.031 - 
w/d 1.19 0.25 - 

#g/mL <o.w55 - 35% 
JIghI. 540 150 - 

100% 

IW% 

56% 

100% 

95% 
0.3% 
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Analytical Results 

Table 5-11 (Continued) 

JBR underflow shury LiUIrrtonesurr) 
G- Pond Water FlltmtQ Flltmte 

AMMe 95% DL 95% DL 98% DL. 
Grip m Units Avwe CI I’da Average CI Ratio A.-e CI Ratio 

Metals, Total Calcium 6,oM) - rur/~ 9,500 

Ndchydes 

ckgmicr. 
Semivoktile 

crgmicr, 
VOklik 

C.dmium 

Chromium 
C0b.h 

Copper 
Iron 

Lead 

Maprrium 

Mqnesc 
Mercury 
Molybdenum 

Niskel 
Pbosphcws 
Pouuium 

Schium 
Silicon 

Sodium 

SMllti”Ul 
l-i” 

liUlli”Ul 

Vanadium 
Aseuldehyde 
Fomvldehydc 

Dimethylphth&te 

M/d O.,Tl 

M/d 0.075 

P&d 0.143 
w/d 0.053 

M/d 0.68 

,,g/mL. 0.0036 

#g/mL 720 

lrg/mL 123 
p&L o.Ow30 
P&L 0.076 

&s/d 0.63 
#s/mI- 0.236 
,,ghL 52 

PdmI- 0.27 
a+J- 18.4 

P&t/d 102 

Ph!/mI- 13.7 
,,ghL <0.086 

118/d 1.10 

PK’d 0.22 
)Ig/d 0.05 
w/d 0.023 

bea 1.3 

bis&Ethylhexyl)phthalate W/L 8.0 
AC~tOllC KS/L <IO 

0.018 - 
0.094 - 
0.065 - 
0.029 - 

0.73 - 

0.0048 - 

210 - 
39 - 

D.caBl - 
O.OI2 

0.18 
0.024 

13 

0.17 
3.2 

25 

4.6 

2.8 
0.28 

0.11 
0.027 

2.2 

81 

lW% 

26% 

0.06 0.12 
0.08 0.26 

2.1 4.2 

4.4 1.5 
<IO - 

2% 

60% 

0.050 0.1 - 
0.021 0.025 - 
<0.36 - 100% 

140 560 - 

22.3 7.2 - 
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Analytical Results 

Table Cl2 
Liquid Ancillary Stream Data Summary 

coding water Cd Pile aun-oR 
Annly(e 9% DL 95% DL 
cm9 sps* Unitr Awage CI Ratio Average Cl Itsdio 

Rcduod Species cymiie Mid 0.00148 O.ooo91 

Anions 

Me,& Soluble 

Mctds, Total 

Ammoti.*N ud~ 0.047 0.014 
chloride #8/~ 5.7 I.8 
Fluoride 118/d 0.134 0.018 
Phwphate WId 0.094 0.07 
S”lfe llgfd 6.3 1.4 
AlLlminum AdA 0.031 a.047 

Antimony @s/d <OS24 - 
AlatrLic w/d <o.c037 - 
Barium K#d 0.0131 0.0081 
%rylli"m %‘A co.oK6 - 
Boron M/d 0.9 3.4 
cadmium W/d O&W.?0 0.007 
Cdcium w/d 19 53 
ChlD7li"Ill l&d o.w2o 0.0027 

Cob.h A&~ <0.0034 - 

CapP- M/d 0.03 0.13 
h-0” &s/d 0.11 0.13 
Leld Irg’d 0.027 0.097 

Magnesium lb-‘d 3.1 4 

Mmg8nsu Ps/d 0.07 0.25 

Mcrwy P&L O.oooO5 o.OOa3 
Molybdenum w/d 0.00152 o.om49 
Nickel &%/A 03021 0.0048 
Fimphonts wld <0.061 - 
PoUs9iwn WId 2.42 0.49 
S&li”rn l&d <0.0014 - 

Silicon w/d 4.6 4.3 
Scdium i@d 8 I2 
Stl-Ollti”~ P&L 0.049 0.08 
Tin #z/d <0.014 - 
Tiunium clg’d 0.001 I 0.0012 
Vanadium Pdd 0.0027 O.wo6 
Alvminum P8fd 2.9 4.4 
AnlimO”Y P&J- 0022 0.034 
Amcnis w/d 0.007 0.031 
Farium @s/d 0.031 0.028 
B@li”tll %‘A to.0006 - 
Baton Psld 0.32 0.35 

65% 
100% 

100% 

85% 

21% 

100% 

68% 

3% 

55% 
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Analytical Results 

Table 5-12 (Continued) 

cooling water Coal File RnwSf 

m 95% DL 95% DL 
G-P w UIIik Awage Cl Ratio Average CI Ratio 

M‘ulS, Total 
(-‘d) 

Cadmium 

Cdsium 

Chmium 
cobalt 

Copper 

Imu 
Lad 

Magnesium 

Molyt-denum 
Nickel 

Fhosphoms 
Folauium 
S&lli”Ctl 

Silicon 

sodium 
8wmuillm 

Tin 
Titanium 

Aldehydes Acetaldehyde 

Fomaldebyde 
orgmics, RutylbelaylphtbaLte 
Semivohtile 

bis~-EahylhexyljpiXb8Me 
organisr, Volatile ACctonC 

0.001 

5.9 

0.0049 

0.005 

0.010 
4.1 

0.030 
1.69 

0.18 

o.m4 
<0.0099 

0.12 
1.76 

0.008 

6.6 

5.4 
0.0276 

<0.014 
0.16 

0.0083 

0.06 

0.026 
<0.45 

3.3 

<IO 

0.0024 

1.6 

O.CO46 
O.OCM 

0.0081 

5.4 
0.058 

0.71 

0.17 
O.WOO3 

0.0015 

0.2 
0.97 
0.03 

4.8 

1.9 
0.0076 

0.21 

O.CO95 
0.12 

0.049 

7.2 

34% 

9% 

6% 

- 

100% 

0.09 0.27 - 
0.06 0.39 - 

100% 0.54 - - 

3% 3.3 - - 

45% 40 250 - 
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6 
DATA EVALUATION AND ANALYSIS 

This section presents an evaluation of data presented in Section 5. In evaluating these data, 
the following question is fundamental: 

l Are the measured concentration data representative? 

Since there is insufficient information to address this question directly, statistics, along with 
engineering and scientific judgment, must be used to answer this question. This is done by 
addressing related topics which can be evaluated quantitatively: 

l Were analytical techniques accurate and precise? 

l Were sampling techniques accurate and precise? 

l Was process operation steady and representative? 

If the answer to each of the above questions is “yes,” then the measurements are considered 
representative and no qualifications made to their use. If analysis turns up potential problems 
with one or more of the above areas for certain data, caution must be exercised in using 
these data, since there is a good chance that they are not representative. 

Assessment of sampling and analytical techniques is the purview of the QA/QC program. 
Detailed QA/QC results are presented in Appendix D, and these results are summarized 
below. An evaluation of process operation and a discussion of mass balance closures, which 
are used as an additional check on data representativeness, are also presented in this section. 
Finally, a discussion of the organic results concludes this section. 

Evaluation of Sampling Techniques 

Several factors are evaluated to determine acceptable sample collection. Key components of 
the sampling equipment including the Pitot tubes, thermocouples, orifice meters, dry gas 
meters, and sampling nozzles were calibrated in the Radian Source Sampling Laboratory 
before use in the field. These calibrations were also checked after the equipment was 
returned to the laboratory after completion of the field activities. Standard EPA methods or 
other acceptable sampling methods were used to collect the organic, metal, and anion 
samples. The sampling runs were well documented, and all gas samples were collected at 
rates of between 90 and 110% of the isokinetic rates. Sufficient data were collected to 
ensure acceptable data completeness and comparability of the measurements. 

6-1 



Data Evaluation and Analysis 

Gas samples were collected from the ESP inlet, ESP outlet, and stack as integrated samples 
for most analyses over a specified time period. Solid samples of coal, limestone, bottom 
ash, FSP fly ash, and FGD slurry were collected at hourly intervals over each of the test 
runs. These individual grabs were combined to provide a single composite sample of each 
stream for each of the three test runs. Liquid streams were also collected as hourly grabs 
which were combined to provide a single composite for analysis for each test run. All 
sampling was conducted while the plant was operating at 85 to 100% of full load and should 
be representative of typical operation for Plant Yates. 

Thus, the applicable QAlQC evaluation indicates that sampling techniques were acceptable 
and effective in providing measurement data reliability within the expected limits of sampling 
error. 

Evaluation of Analytical Techniques 

Generally, the type of quality control information obtained pertains to measurement preci- 
sion, accuracy (which includes precision and bias), and blank effects that are determined 
using various types of replicate, spiked and blank samples. The specific characteristics 
evaluated depend on the type of quality control checks performed. For example, blanks may 
be prepared at different stages in the sampling and analysis process to isolate the source of 
the blank effect. Similarly, replicate samples may be generated at different stages to isolate 
and measure sources of variability. The QAlQC measures used as part of this program data 
evaluation protocol and the characteristic information obtained are provided in Appendix D. 

Different QC checks provide different types of information, particularly pertaining to the 
sources of inaccuracy, imprecision, and blank effects. As part of this program, measurement 
precision and accuracy are typically beiig estimated from QC indicators that cover as much 
of the total sampling and analytical process as feasible. Precision and accuracy measure- 
ments are based primarily on the actual sample matrix. The precision and accuracy estimates 
obtained experimentally during the test program are compared to the data quality objectives 
(DQOs) established for the program as listed in the project QAPP. 

Appendix D includes a presentation of the types of quality control data reported for the 
program and a summary of precision and accuracy estimates. Almost all of the quality 
control results met the project objectives. 

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

l Chloromethane, methylene chloride, and tetrachloroethene were found in one or more of 
the field blanks analyzed for volatile organics. In many cases, the same concentrations 
were also found in the field samples. 

l A standard limestone sample (NIST 1C) was submitted blind as a performance audit 
sample. Aluminum, silicon, and sodium recoveries in this sample were below 50%) and 
the recovery of potassium was greater than 200 percent. This may indicate a similar bias 
for these elements in the limestone process streams. 

6-2 



Data Evaluation and Analysis 

l Selenium showed no spike recovery in the impinger solutions analyzed by GFAAS. 

These and other QAlQC findings are summarized, according to major species categories, in 
the discussions below. 

Semivolatile Organics 

Precision. The precision of the semivolatile organic analyses was estimated using matrix 
spiked duplicate pairs. The precision objective was met for all of the gas-phase solid 
samples, the gas vapor-phase samples, the solid stream samples, and aqueous-phase sample 
streams. 

Accuracy. The accuracy of the semivolatile analyses was estimated using matrix spiked 
duplicate samples. All of the spiked compounds analyzed in the gas solid-phase samples and 
the aqueous process streams were within the accuracy objectives. Matrix spikes into the 
solid process streams were all within the recovery objects for all analytes in the FGD solid 
stream and all except pyrene in the ESP ash solids. Recovery for pyrene was 5 1% and 56% 
(project objective-d2-115%) for the ESP ash sample and 48% and 37% for the ESP ash field 
duplicate. 

Blank Effects. Acetophenone and benzoic acid were found in one or more of the field 
blanks associated with the gas-phase solids analyses. The concentrations of these compounds 
in tbe blanks, however, were not significant in comparison to the concentrations found in the 
samples. Several phthalates were also found in the field blanks. The concentrations found in 
the samples were about the same level as found in the blanks and are therefore considered an 
artifact of the sampling and handling process. 

Volatile Organics 

Precision. Precision for volatile organic analysis of the aqueous process streams was 
estimated using matrix spiked duplicate samples. The 50% precision objectives were met for 
each of the volatile analytes used for the matrix spikes. 

Accuracy. Accuracy for the volatile organic analyses in the aqueous process streams was 
estimated using matrix spiked samples, and accuracy for the gas vapor-phase streams was 
estimated using surrogates spiked into each sample prior to analysis. The method specified 
accuracy objectives for matrix spike recoveries (O.l-234% were met for all analytes of 
interest (actual recoveries ranged from 70-136%) for the aqueous streams. Accuracy 
objectives for surrogate recoveries of 70 to 130% for the gas-phase streams were met for all 
samples except for toluene-d8 in one stack sample. Accuracy based on the analysis of two 
laboratory method spikes met the recovery objectives for all analytes of interest except for 
one acetone, chloromethane, chloroethane, and methylene chloride spike. 

Blank Effects. Chloromethane, methylene chloride, and tetrachloroethene were found in 
one or more of the field gas vapor-phase blank samples. In most cases these compounds 
were found in the investigative field samples at about the same level as in the field blank or 
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Data Evaluation and Analysis 

at lower concentrations. Chloromethane and methylene chloride were also found in one 
laboratory blank. The presence of these compounds in both blanks and samples merely 
raises the uncertainty about their presence in the flue gas. 

Aldeh ydes 

Precision. Precision for the aldehyde analyses was estimated using duplicate sample 
analyses. The precision objectives of 50% were met for both formaldehyde and acetaldehyde 
in the gas vapor-phase samples and the aqueous process stream sample analyses. 

Accuracy. Accuracy for the aldehydes was estimated using matrix spiked samples. The 
project accuracy objectives of recoveries of 50-150% were met for the gas vapor-phase and 
aqueous stream sample spikes for both formaldehyde and acetaldehyde. 

Precision. The precision of metals analyses by ICP-AES, GFAAS, and CVAAS was 
estimated for samples using matrix-spiked duplicate samples. The precision objectives (RPD 
<20%) were met for all target analytes analyzed by ICP-AES except aluminum and barium 
in the gas solid-phase spiked samples and boron in the process solid-spiked samples. The 
precision objectives for the GFAAS analyses were met except for lead in the gas vapor-phase 
matrix-spiked samples, selenium in the process solid matrix-spiked samples, and mercury and 
selenium in the aqueous process stream matrix spikes. 

Accuracy. The accuracy of metals analyses was estimated for the gas solid-phase samples 
using standard reference material (NIST 1633a fly ash) submitted blind to the laboratory as a 
performance audit sample. All of the metals analyzed by ICP-AES were within the 75-125% 
accuracy objectives except for beryllium (147%) which was recovered above the objectives. 

The accuracy of the metals analyses was estimated for coal samples using a standard 
reference coal sample (NIST 1632b) submitted blind to the laboratory. All of the metals 
analyxed by INAA in the reference sample were within the 75-125% accuracy objective. 

The accuracy of the metals analyses was estimated for the limestone samples using a standard 
reference limestone (NIST Limestone 1C) submitted blind to the laboratory. The results 
show that the recoveries for most of the metals were outside the 75-125 % accuracy objec- 
tives. Aluminum, silicon, and sodium recoveries were 50%, and the recovery for potassium 
was greater than 200 percent. The recoveries of these analytes may show a similar bias in 
the limestone process streams. 

The accuracy of the metals analyses for the gas vapor-phase samples and the aqueous process 
streams were estimated using performance audit samples prepared from EPA reference 
standards. The results show that the recoveries of all the metals analyxed by ICP-AES and 
GFAAS were within the 75-12596 accuracy objectives except Ca (368%) and Sb (127%) Ca 
(169%,520%), Fe (139%), and Mg (131%, 246%) by ICP-AES and Se (50%) by GFAAS . 
The concentrations of these elements in the samples were at or near the detection limit. 
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Matrix-spiked samples were also used to determine the accuracy of the metals analyses in the 
gas, process solids, and aqueous process matrices. Recoveries for the target analytes were 
within the 75125% accuracy objectives except for selenium (0% recovery) in the gas vapor- 
phase matrix and mercury (35% recovery) in the aqueous process stream matrix. 

Blank Effects. Aluminum, iron, manganese, and nickel were found at concentrations above 
the reporting limits in the field blanks to the gas vapor-phase. sampling train. These elements 
were also found to a lesser extent in the impinger reagent blank solutions. 

Anions 

Precision. Precision for the anions analyses was estimated for the gas vapor-phase samples, 
process solid streams, and aqueous process streams by the analysis of matrix spiked samples. 
The precision objectives of 20% were met for chloride, fluoride, and sulfate except for 
chloride and sulfatc in one matrix spike pair from the stack with RPDs of 22% and 24%, 
respectively. 

Accuracy. Accuracy for the anions analyses was estimated using matrix spiked duplicate 
samples. The accuracy objectives of 80-12096 recovery was met for all analytes and all 
sample matrices except for the fluoride spikes into the BSP ash solid samples with recoveries 
of 56% and 60 percent. 

Cyanide, Ammonia, and Phosphate 

Precision. Precision for the cyanide, ammonia, and phosphate analyses was estimated using 
matrix spiked duplicate sample analyses. The precision objectives of 20% were met for each 
of the analytes for both the gas vapor phase and aqueous process streams except for ammonia 
spikes into the JBR process liquids. The spike concentration was too low in comparison to 
the level found in the native process sample. 

Accuracy. Accuracy for ammonia, cyanide and phosphate was estimated using both matrix 
spiked duplicate samples and “double blind” performance audit samples. The accuracy 
objectives (cyanide, 75-125%; ammonia, 80-120%; phosphate, 75-125%) were met for all 
matrix spiked samples except for the ammonia spikes into the JBR process liquids with 
recoveries at 60 and 273 percent. Recoveries for the performance audit samples met the 
accuracy objectives for all analytes with recoveries of 88% for ammonia, 80% for cyanide, 
and 97% for phosphate. Recoveries for performance audit samples spiked into the gas 
vapor-phase impinger solutions were not as good as the aqueous spiked audit samples. The 
recovery for ammonia in the impinger solutions was 63% and the recovery for cyanide was 
50 percent. The aqueous spikes and impinger spikes were performed using the same spiking 
solutions and were spiked at the same concentration levels. 

Evaluation of Process Operation 

Plant operating data were examined to ensure that process operation was stable and represen- 
tative of normal operation during the sampling periods. Excessive scatter or significant 
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trends can indicate periods where operational problems were encountered. The availability 
of data from the CT-121 data acquisition system allowed for a comprehensive review of 
process operation. Data points were logged as 15-minute averages. Plots of unit load, 
furnace gas 4, JBR AP, JBR pH, stack SOs, CO, and NO, concentrations are located in 
Section 2. The range of normal operation is indicated on most of these figures. A statistical 
summary of process data is presented in Table 6-l. Daily average values for process 
parameters are presented along with the minimum and maximum values. Variability is 
expressed by the standard deviation. Note that high standard deviations are to be expected 
for some variables, such as return water flow rates, which are controlled by on/off control- 
lers. Table 6-l was used to identify areas of concern with process operation. A parameter 
with values steadily increasing or decreasing over the course of the test period may indicate a 
period of non-steady operation. The following paragraph summarizes the process analysis 
and points out areas of concern. 

Analysis of the process data revealed that process operation was steady and representative 
during sampling periods. Problems with data quality are not likely to be the result of process 
variability. Some comments on process operation are as follows: 

l Due to problems with the JBR inlet Or monitor, the JBR inlet SO* concentration, which is 
corrected with the 0s meter reading, is biased low on 6/26 and 6/27. Additionally, the 
stack Oz monitor calibration check showed it to be biased on 6/26. However, the average 
stack CEM 0, data are not significantly different from the O2 concentration measured 
using the Orsat method. 

l The average FGD makeup water was approximately twice as high on 6/25 than on other 
days. This was revealed to be an instrument problem. 

l Sa removal was slightly lower than expected, even accounting for the bias in the inlet 
Oz monitor. The slightly lower SO? removal should not raise concerns about the 
representativeness of the data, however, as SQ removal was still within the range of 
normal operation for this type of scrubber. A possible explanation for the lower removal 
involves modifications made to the JBR limestone inlet piping. Modifications to the 
piping are suspected to have created a region of higher limestone concentration in the 
JBR where the pH indicators are located. As a result, the pH in this region was slightly 
higher than in the remainder of the reactor. Therefore, the average reactor pH may have 
been slightly lower than was indicated, resulting in lower SO* removal. 

. A brief dip in load occurred on 6/24 between 1700 and 1730. The lowest point reached 
is unknown since the process data are reported on 15 minute average basis, the lowest of 
which was 86 MW. Since testing was completed by this time on 6/24, there is no effect 
on data represcntativeness. 

Data Analysis: Mass Balances, Removal Efficiencies, and Emission Factors 

Calculations based on measured data have two general purposes: they can be used to assess 
the representativeness of the measured data or to evaluate process performance. Mass 
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Table 6-l 
Daily Summary 

D&C! 

6121 6122 6123 6124 6l25 6126 6127 

Grou Load, Mw 

Avenge, daily 

Sample Std. Dcv. 

Maximum Value 

Miiimum Value 

Raw Coal Fkw, lbhr 

Average, daily 

Sample Std. Dev. 

Ma7.imum value 

Minimum Value 

Fu- Gas 4, % 

Average, daily 

Sample Std. Dev. 

Maximum Value 

Minimum Value 

mckY,+ 
Avenge, daily 

Sample Std. Dev. 

Maximum Value 

Minimum Value 

Stack O,, % on Dry Basis- 

Awn.& daily 

Sample Std. Dev. 

Maximum Value 

Minimum Value 

Stack SC12, ppm at 3% 0; 

Avenge, daily 

Sample Std. Dev. 

Maximum Value 

Minimum Value 

100 100 100 100 103 100 100 

0.5 0.24 0.32 1.5 0.44 0.34 0.22 

100 100 100 100 loo 100 1M) 

98 100 100 86 98 100 100 

89,wo 88.0@0 89,OaO 88,000 90,coO 91,000 92,000 

3,m 3,400 3,300 3,m 2,4W 2,900 4.0@3 
94,wO 94,caO 99,OOn 9s.owJ 96,ooO 98,000 loo,Gm 

85,000 82.000 WJoo 81,000 s‘ww 85,WO 84,wO 

3.5 3.6 3.5 3.5 3.3 3.3 3.4 

0.062 0.17 0.19 0.28 0.078 0.23 0.3 

3.6 4.0 3.7 3.9 3.4 3.8 3.8 

3.4 3.2 3.1 3.0 3.0 2.8 2.6 

IS 14 16 17 17 18 19 

3.6 0.96 1.7 2.5 1.3 1.3 1.5 

31 18 27 33 23 22 23 

12 13 14 14 14 15 16 

a.2 8 7.9 8 7.7 

0.12 0.23 0.18 0.22 0.072 

8.5 8.6 8.1 9 7.9 

7.8 6.6 6.3 6.7 7.6 

160 180 200 200 240 

38 47 37 65 31 

230 250 260 340 300 

88 41 120 74 180 

7.7 

0.18 

9 

7.5 

180 

25 

230 

130 

1.6 

0.1 

1.7 

7 

190 

38 

270 
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Table 61 (Continued) 

D& 

6iZl 6122 6123 6124 6125 6126 6121 

JBR PH 
Avenge, daily 

Sample Std. Ixv. 

Maximum Value 

Minimum Value 

JEtR AP, inches water 

Avenge, daily 

Sample Std. Dev. 

Muimum value 

Minimum Value 

St& Removal 

Avenge, daily 

Sampk Std. Dev. 

Maximum Value 

Minimum Value 

4.6 4.5 4.5 4.5 4.5 4.5 4.5 

0.22 0.066 0.037 0.049 0.038 0.045 0.027 

4.9 4.7 ’ 4.6 4.6 4.7 4.6 4.6 

4.3 4.3 4.4 4.4 4.4 4.3 4.4 

14 14 14 14 14 14 14 

0.086 0.086 0.08 0.17 0.071 0.076 0.073 

14 14 14 15 14 14 14 

14 14 14 14 14 14 14 

93 92 91 90 89 

1.7 1.8 1.7 3.5 1.4 

96 97 94 96 92 

90 89 88 83 86 

Tranrition Dud PW Fkw (Gypsum Pond Return, FT 12% Spm 

Average. material balance period 

Average. daily 

Sample Std. Dev. 

M.aaimum value 

Minimum Value 

Trahtion Duct MU Water Flow, Spm 

Average, daily 

Sample Std. Dev. 

Maximum Value 

Minimum Value 

Reagent Flow, Spm 

Average, material balance period 

Average, daily 

Sample Std. Dev. 

Muimum Value 

Minimum Value 

80 79 79 79 

0.28 0.49 0.4 0.94 

80 81 a2 81 

78 78 79 71 

0.092 0.09 0.12 0.096 0.14 0.11 0.094 

o.w55 o.mm9 0.23 0.006 0.44 0.15 0.0071 

0.1 0.11 2.4 0.11 4.3 1.6 0.11 

0.08 0.073 0.075 71 0.08 0.084 0.065 

48 35 36 35 

36 7.3 2.8 3.0 

88 61 43 45 

0.1 0.2 26 28 

b b 

78.6 78.7 79.3 

79 79 79 

0.58 0.5 0.45 

83 83 83 

77 78 0.12 

35.9 37.3 36.3 

36 37 38 

1.9 2.9 1.7 

39 46 42 

27 30 34 
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Table 6-l (Continued) 

6121 

Date 

6122 b/23 6124 b/25 b/26 6127 

JBR Lercl, tI 

krkntanwur Valuer (used in accumuk- 
tion ukuktbnr) 

Beginning (t-At) 

Ending (t) 

Avenge, daiiy 

Sample Std. Dev. 

Maximum Value 

Miiimum Value 

JBR Den&y, wt% solids 

Average, material balance period 

ksllntanmur Values (used in accumuk- 
tbn cakuktions) 

Beginning (t-at) 

Ending (I) 

Avenge, daily 

Sample Std. Dcv. 

Ma?.imum Value 

Minimum Value 

14 14 

0.011 0.017 

14 14 

14 14 

23 23 23 23 

0.51 0.55 0.55 0.52 

24 24 24 24 

22 22 22 22 

14 14 

0.022 0.042 

14 14 

14 14 

Mkt EIiminatorlDeck Wash PW Fbw (Ash Pond Return IT lSOA), gpm’ 

Avenge, material balance period 

Average, daiiy 2s 2s 28 

Sample Std. Dev. 29 28 32 

Maximum Value 110 110 120 

Minimum Value -0.33 -0.33 -0.34 

Mist Eliminator Makeup Water Fbw (FT lSOB), gpm’ 
Average, material balance period 

Avcragc, daily -2 -4 4.1 

Sample Std. Dev. 27 2s 25 

Maximum Value 180 240 240 

Miniium Value -6.9 -7.2 -7.5 

JBR Level Control Lie PW Fbw (Ash Pond Return, FT 142). gpm 
Avenge, matstil balance pcrioc, 
Avcragc, daiiy 44 SO 56 

Sample Std. Dev. 56 84 86 

Maximum Value 200 270 270 

Miniium Value 0.27 0.27 0.24 

28 

3s 

130 

-0.37 

-4.1 

22 

210 

-7.5 

54 

79 

2.50 

0.24 

14.1 14.1 14.1 

14.1 14.1 14.1 

14 14 14 

0.026 0.013 0.014 

14 14 14 

14 14 14 

22.8 23.0 23.0 

22.2 23.7 22.1 

22.3 23.3 23.5 

23 23 23 

0.51 0.56 0.51 

24 24 24 

22 22 22 

26.1 25.5 28.8 

25 26 26 

30 32 32 

loo 120 120 

-0.37 -0.37 -0.29 

6.7 6.6 6.0 

-4 -4 -4.2 

24 28 18 

230 260 140 

-7.3 -7.6 -1.6 

36.4 29.4 53.4 

39 37 48 

68 66 72 

220 200 210 

0.25 0.26 0.3 
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Table 61 (Continued) 

6L?1 6/Z? 6/U 6M 6/2S 6l26 6127 

Mist Eliminabr Difkedd Ressure, incha wata 

Avenge, daily 0.67 0.65 0.64 0.64 0.63 0.65 0.66 

Sample Std. Dev. 0.014 0.016 0.017 0.022 0.013 0.02 0.013 
Maximum Value 0.7 0.68 0.68 0.7 0.66 0.7 0.68 
Mhimum Value 0.62 0.62 0.61 0.52 0.6 0.62 0.64 

Reycnt Slurry Den.+, wt% solids 

Avenge, mat&al balance period 

Avcragc. daiiy 

Sample Std. Dev. 

Maximum Value 

Minimum Value 

33 30 33 37 

0.18 2.9 2.1 0.15 

33 34 38 38 

32 25 30 37 

37.2 37.2 33.9 

37 37 34 

0.025 0.045 2.1 

37 37 39 

37 37 32 

Filmace hure, inchfs water 

Avenge. daily 

Sample Std. Dev. 

Muimum value 

Minimum Value 

-0.21 -0.22 

0.017 0.013 

-0.12 -0.19 

-0.24 -0.27 

-0.22 -0.22 

0.016 0.012 

-0.16 -0.19 

-0.28 -0.26 

-0.22 

0.016 

-0.18 

-0.26 

JBR Agiitor Running’ 

Avenge. daily 

Sample Std. Dev. 

Maximum Value 

Minimum Value 

Oxidation Air “A”, rfm 

Average. daily 

Sample Std. Dev. 

Maximum value 

Minimum Value 

Oyidptpn Air “B’, scfm 

Average. daily 

Sample Std. Dev. 

Maximum Value 

Minimum Value 

1 

0 

1 

1 

2,100 

20 

2,200 

2,100 

2,100 

20 

2.100 

2sm 

1 

0 

1 

1 

2,100 

40 

2,200 

2,100 

2wJ 
30 

2,100 

2P33 

-0.22 

0.012 

-0.19 

-025 

1 

0 

1 

1 

2.100 

50 

2.200 

2,~ 

2,m 
50 

2,100 

zoo0 

1 

0 

1 

1 

2,100 

40 

2,200 

2,m 

2,100 

40 

2.100 

2.m 

1 

0 

1 

1 

2,lW 

30 

2,200 

2.100 

2,100 

30 

2,100 

2.m 

-0.22 

0.0095 

-0.19 

-02.5 

1 

0 

1 

1 

2,100 

50 

2.200 

2P33 

2wJ 
40 

2,lW 

2,@33 

1 

0 

1 

1 

2,100 

60 

2,200 

2330 

2,ooo 
50 

2,100 

2.m 
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Table 6-l (Continued) 

6/21 6l22 6l23 6124 6125 6126 6127 

JBR Bbwdown (FT 162A), gpm’ 
Average. material balance period 

Avenge. daily 
Sample Std. Dev. 
Maximum Value 
Minimum Value 

FGD MU Water Fbw, gppm 
Average, daily 

Sample Std. Dev. 
Maximum Value 
Minimum Value 

SO, at JEtR Inlet Duct, ppm @ 3% 0, 
Avenge, daily 

Sample Std. Dev. 

Maximum Value 

Miniium Value 

~atJBRlnktDuct,k 
Average. daily 

Sample Std. Dev. 
Maximum Value 
Minimum Value 

JRR Inlet Duct Presure, inches watu 
Average, daiiy 

Sample Std. Dev. 

Maximum Value 
Minimum Value 

JBR Inlet Duct Temperature, ‘F 
Avenge, daily 

Sample Std. Dev. 
Ma.ximum Valus 
Minimum Value 

80 14 83 84 
73 75 78 80 

200 210 210 210 
-0.36 -0.38 -0.35 -a.49 

13.7 68.9 92.0 
74 78 84 
73 72 79 

210 210 210 
-0.37 -0.37 -0.41 

94 90 87 90 2w 12ff 77 
16 14 13 44 120 140 49 

180 210 200 450 430 320 190 
83 83 78 77 78 14 12 

2.300 2,100 2,200 2,oW 2,100 1.900’ 1,-m+ 
11 220 45 86 38 280 200 

2.300 2,3W 2.300 2,200 2,200 2.300 1.900 
2,300 1,300 2,lW 1700 2.oc4 Loo0 990 

7.8 7.7 7.6 1.6 7.4 14’ 15’ 
0.07 0.31 0.086 0.3 0.27 4.1 0.97 

8 9.6 7.7 8.7 7.7 18 17 
7.5 6 7.2 7.0 6.9 7.4 14 

-11 -11 -10 -10 -10 -10 -10 
0.17 0.23 0.13 0.23 0.079 0.19 0.091 
-9.8 -10 -10 -8.5 -9.8 -10 -10 
-11 -11 -11 -10.5 -10 -11 -11 

280 280 280 280 280 280 280 
4.9 4.3 6 4.2 3.6 5.3 5.8 

280 290 290 290 290 290 290 
260 270 270 280 280 280 270 

’ A bias in the stack 0, monitor was found during calibration check on 6127. However. the average CEM stack 0, 
concentrations are not significantly different from the stack gas 0, concentration determined using the Onat method 
b These values not reported since they are known to be b&cd due to faulty inlet 0, monitor readings. 
c Negative values result of instrumen!ation bias. 
d Vabe of 1 indicates agitator on, 0 indicates off. 
* High avenge due to instrumentation problem. 
’ Pmblems with inlet 0, monitor have biased these values. 
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balance closures were calculated as a check on data representativeness. Since the mass of 
trace elements must be conserved, an examination of the mass balance can provide clues to 
sampling and/or analytical deficiencies. Removal efficiencies and emission factors are 
evaluations of process performance. Removal efficiencies provide an insight into the fate of 
a substance in power plant processes. Emission factors express plant emissions on a unit- 
energy basis. 

The method used to determine uncertainties in calculated results is based on the ANWASME 
PTC 19.1-1985, “Measurement Uncertainty” and is consistent with the approach to handling 
data used in EPRI’s Field Chemical Emission Monitoring (FCEM) program. This method, 
along with an example calculation, is presented in Appendix F. In statistical calculations, a 
distinction was made between “raw data,” such as gas flow rates and concentrations, and 
calculated data, such as mass balance closures and emission factors. The term “raw” is in 
quotation marks because some calculations were necessary to obtain these data. The 
distinction between raw and calculated data was made based on the goal of a particular 
measurement, i.e., the goal of a P&t-tube traverse is to determine a gas flow rate, so the 
flow rate is considered a raw data point and not the individual AP measurements. Calculated 
data are determined using mean mw data. Therefore, calculated data are not presented on a 
daily or run basis but as mean values for the entire material balance period. Fundamental to 
obtaining calculated data is the assumption that the power plant processes are reasonably 
close to steady state. In this project, stream flow rates not directly measured, emission 
factors, removal efficiencies, and mass balance closures are all treated as calculated data. 

Data were reviewed and justifiable eliminations and substitutions made prior to the calcula- 
tion of material balance closures and removal efficiencies. The following modifications were 
made to the data set: 

. The ESP outlet gas particulate-phase data for Runs 1 and 3 were invalidated for Al, Eia, 
Be, Cd, Ca, Cr, Co, Pb, Mg, P, K, Na, and Sr due to the filter background concentra- 
tion comprising greater than 20% of the measured concentration. 

l The stack gas particulate-phase data for Run 1 were invalidated for all elements except 
As, Se, and V due to the filter background concentration comprising greater than 20% of 
the measured particulate concentration. 

l The limestone slurry filtrate Run 3d was substituted for Run 3a. 46% of the detected 
elements in Run 3a are statistical outliers. An analytical error is suspected to have 
occurred for Run 3a. No further details are available. 

l The ESP inlet gas vapor-phase data for Run 2 were invalidated due to particulate break- 
through into the impinger solutions. This event caused a high bias in the vapor-phase 
concentrations. 

l No flue gas particulate-phase analyses were performed for boron, since boric acid is 
included in the chemicals used to digest the particulate filters. The sluiced fly ash 
analyses were substituted so that mass balances could be performed. 
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l For As, Cr, and Hg, certain analyses are suspected to be biased and cause poor mass 
balance closures. For these elements, mass balance closures are also calculated with 
certain data substitutions made (see Table 6-2 for details). 

Mass Balances 

The results of mass balance closures, emission factors, and removal efficiencies are presented 
in the following sections. Following the results section are summaries of the equations used. 
Example calculations are presented in Appendix I. 

Table 6-2 presents mass balance closures for selected elements. Mass balances were per- 
formed about the boiler, ESP, JBR, and the total plant. Figure 6-1 depicts the mass balance 
boundaries. Steady-state process operation was assumed for all vessels but the JBR. Due to 
the short test periods, significant accumulation of a substance could occur in the JBR. Small 
fluctuations in the JBR level and solids concentration are part of normal operation. 

A general mass balance equation which applies to any system is: 

Over a long period of steady operation, the accumulation in the JBR also could be considered 
negligible. The following general equation was used to calculate mass balance closures. 

For all vessels but the JBR, the accumulation term should be negligible and was assumed to 
be zero. Development of specific mass balance equations is presented in Appendix I. 

The mass balance closure for each element met the project objective if it was between 70 and 
130 percent. Poor closures and high uncertainties have their root cause in sampling, analyti- 
cal, or process problems. Since an analysis of the process showed that process operation was 
steady and representative of normal operation, problems with mass balance closures for some 
substances may reflect problems with analytical or sampling techniques. 

Concerns with mass balance closures fall into three categories: 

l Out-of-range mass balance closure is outside target range of 70-130 percent; 

l High uncertainty--uncertainty in closure exceeds &50 percent; and 

l Clear bias--closure f uncertainty does not encompass 100% closure. 
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Table 6-2 
Mass Elalance Closures 

Boik 

96 95% 
c1c?sure CI 

AOiOllf 

Chloride 

Fluoride 

RlPmenm 

Alumioum’ 

Aotimooy’ 

Alseoic 

Barium 

BqllilUIl’ 

Boron” 

Cadmiumd 

Calcium 

cluomium 

cobalt 

COP* 
Iron 

Lead 

Magnesium 

Maoganese 

M-V 
MOlybd~UOl’ 

Nickel 

Phosphorus’ 

Potassium’ 

Seleoiumd 

sodium 

Strontium’ 

Titanium 

104 25 115 45 76 24 77 25 

103 16 105 30 97 33 104 39 

74 17 
67 44 

214 (103)’ 94 (43)’ 

69 30 

105 16 

131 lloi 

100 63 

94 35 

144 (91)’ 22.5 (3O)k 
98 36 

26 24 

a9 18 

109 37 
92 22 

113 19 

205 (110)’ 84 (35)’ 

18 20 

84 86’ 

31 19 

59 13 

65 31 

91 12 

48 7.9 

77 18 

87 13 

% 95% 
c1asun? CI 

101 

92 

136 

100 

107 

105 

155 

76 

58 (92)L 

120 

122 

99 

106 

104 

104 

i5 (102Y 

23 

63 

34 

104 

141 

99 

99 

103 

106 

-b 

52 

67’ 
- 

-- 

22 

21 

__ 

18 

18 (26)’ 

27 

39 
__ 

-- 

81 
__ 

23 

17 

JBR 

% 95% 
Closure CI 

65 

91 

38h 

76 

55 

109 

109 

82 

a9 

80 

74 

77 

36 

107 

101 

88 

111 

121 

91 

84 

188 

100 

95 

31 

91 

-b 

124’ 

28 
_- 

-- 

_- 

__ 

_- 

__ 

23 

26 
_- 

31 

13 

39 

3576 
- 

__ 

106 

10 

32 

Flat 

% 95% 
Closure CI 

75 6.5 

65 26 

270 (135)’ 142 (71)’ 

69 27 

111 24 

114 32 

136 51 

81 31 

83 8.9 

114 40 

33 30 

87 17 

113 44 

103 21 

103 27 

101 30 

4.5 3.6 

55 9.5 

20 13 

62 9.6 

145 54 

91 15 

59 7.8 

78 12 

92 13 

’ Spike rewwry in ESP inlet gas-phase particulate for aluminum was 62%. indicating possible analytical bias. 

b Sioce the ESP outlet gas-phase particulate Runs 1 and 3 were invalidated. confidence intervals for the ESP and 
JBR mass b&we closures could not be calculated for many elements. 
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Table 62 (Continued) 

’ These elements are consistently enriched in the coal ash over the prowas stream solid-phase concentrations, 
suggesting that the coal analyses are biased high for these elements. 

p High uncertainties for mass balance closure are caused by high variability in the gas particulate-phase 
concentratiom. 

* High uncetity in JBR closure for ~timony is the result of high detection limits in liquid-phase samples; 
antimony was not detected in the JBR blowdorm filtrate or limestone slurry filtrate. 

f Values in parentbeaes are those obtained when INAA coal analyses are substituted for the GFAA data. 

5 High uncertainty in the ESP closure for arsenic is mostly due ta high variability in ESP sluiced ash concentra- 
tion. 

’ Aneaic concentration was below detection limit in JBR blowdown solid phase. 

i Spike recawxy for beryllium in the performance evaluation ash sample was 147 96, indicating possible 
analytical bias. 

j High variabiiity in the boiler closure for boron is caused by high variability in the ESP inlet gas vapor-phase 
dp.S. 

k ESP inI& gas-phase particulate Run 2 Cr concentration, at 550 nglg, is a statistical outlier. In comparison 
with sluiced ash, hopper ash, and si+e fractionated particulate data for chromium, this value is likely to be 
biased high. The mass balance data in parentheses are calculated with this value replaced with the Run 2 ESP 
sluiced sh conce.amtion. 

’ ESP inlet particulate data for mercury are suspected ta be. biased high based on comparison with sluiced ash 
hopper ash poalyses. This is also suppozted by the high boiler and low ESP mass balance closures. The mass 
balance data in parentheses are calculated with the ESP sluiced ash analyses substituted for the ESP inlet gas- 
phase particulate analyses. 

m Gas particulate-phase. data are not available. ESP sluiced a& data were substihlted for the boron particulate 
concentration. 
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Figure 6-l 
Mass Balance Boundaries 
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MassBalanceClcsure(%) = 100 * l- Total Mass Out 1 05-a 
(Mass In - Mass Accnmnlated) 

For the boiier closure, 70% of the mass balances performed fell within the target range. The 
percentage within the target range for the ESP, JBR, and Total Plant were 85%) 78%) and 
59 96, respectively. 

Confidence intervals are not presented for many elements for the ESP and JBR mass balance 
closures. The precision error for the ESP outlet gas, particulate.-phase analyses is unknown 
for many elements due to the rejection of data from Runs 1 and 3. Discussion of concerns 
with specific substances is presented in the following paragraphs. 

Substitutions. For some elements, both a review of the analytical data and initial mass 
balance closures suggested that some data were biased. For these elements, data substitu- 
tions were made, and the material balances were recalculated. These results are in parenthe- 
ses on Table 6-2. Specific cases are discussed in the following paragraphs. 

As. The arsenic coal analyses by GFAA yield mass balance closures about the boiler 
and plant of 214 and 270%, respectively, suggesting a bias in the coal or ash analyses. 
When the coal concentration for each run was replaced by the corresponding analysis by 
INAA, the closures about the boiler and plant were 103 and 134% respectively. This 
suggests that the GFAA analysis performed for coal may have been biased. 

Cr. The ESP inlet gas, particulate-phase Run 2 analysis for Cr at 550 pglg is a statistical 
outlier when compared with all available ash analyses. This value is strongly suspected 
to be the result of analytical bias or non-representative sampling. This is supported by 
the boiler mass balance closure, at 144%. When this value is replaced with the Run 2 
sluiced ash concentration, the closure is 91% . 

Hg. The ESP inlet, particulate-phase data are suspected to be biased high, based on 
other ash analyses and prior experience with mercury data. This is also supported by the 
high mass balance closure about the boiler (205 %) and correspondingly lower closure 
about the ESP (55%). When these data are replaced with the sluiced fly ash analyses, 
the closures arena much more reasonable 110% about the boiler and 102% about the ESP. 

Out-of-Range Mass Balance Closures. Many mass balance closures lie outside the target 
range. For some of these, poor closure can be attributed to high variability in the concentra- 
tion in one or more process streams. Other elements have closures which are clearly biased. 
The following paragraphs provide explanations for poor and clearly biased mass balance 
closures. 

Sb, Cu. MO, K, P, Sr. Antimony, copper, molybdenum, potassium, phosphorus, and 
strontium have mass balance closures well outside the target range for two or more 
devices. The confidence intervals for these closures indicate that a clear analytical or 
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sampling bias exists or that the mass balance closure model is inadequate for these 
substances. Problems closing material balances for copper, molybdenum, and phosphorus 
have been encountered in previous work by Radian. For antimony, copper, potassium, 
and strontium, the boiier and plant closures are out of range, while the ESP and JBR 
closures are reasonable. Since the boiler and plant closures are driven by the coal 
analyses, this suggests a high bias in the INAA analyses for coal for these substances. 
All of these elements show enrichment in the coal ash over bottom ash, collected ash, and 
the gas particulate phase at all locations (except phosphorus in the ESP outlet). None of 
these elements are expected to be in the vapor phase. This pattern suggests that the coal 
analyses for antimony, copper, molybdenum, potassium, phosphorus, and strontium are 
biased high in varying degrees. See Section 8 for further details on enrichment. 

AI and Be. Al and Be analytical QAlQC procedures reveal a possible analytical bias in 
gas particulate-phase analyses for Al. The Al spike recovery for this matrix was 62%, 
indicating a possible low bias. This could explain the slight bias apparent in the mass 
balance closure (74% +_ 17%). In addition, the spike recovery of Be in the performance 
evaluation sample for fly ash was 147%. only the JBR mass balance was outside the 
target range for Be, however. In addition, QA/QC procedures revealed possible 
analytical problems with some elements in the gas vapor-phase and limestone samples. 
For these elements, the limestone and vapor-phase concentrations have a very small effect 
on mass balance closures, however. 

As. Arsenic was not detected in the JBR blowdown solids. This may explain the 36% 
mass balance closure. 

Be, Pb, Se, and 77. These elements have poor closures about the JBR. No cause for 
these poor closures was determined, with the exception of the previously mentioned 
possibility for analytical bias for Be in the solid phase. 

High Uncertainties in Mass Balance Closures. Some mass balance closures, both within 
and outside the target range, have high uncertainties. For those elements outside the target 
range, high variability in one or more measurements is the usual cause. The causes for high 
uncertainties in some elements is discussed below. 

Cd, Ni, and Se. For these elements, uncertainty in the mass balance closure exceeds 
50% for most devices. The cause is high uncertainty in the gas particulate-phase 
analyses. The Ni closure about the JBR, at 120 +357%, is especially high because the 
Run 1 stack gas particulate-phase analyses were invalidated. The cause of the high 
variability in particulate-phase analyses for these elements in unknown. Insufficient data 
are available to make a reasonable hypothesis; however, the measurement error associated 
with the small sample mass collected at the stack is a likely contributor to the data 
variability. 

Sb. The high uncertainty (95 % f 120%) in the antimony closure about the JBR is the 
result of high detection limits in the liquid-phase samples analyzed. Antimony was not 
detected in the JBR blowdown filtrate or limestone slurry filtrate. The high uncertainty 
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in the boiler closure is the result of variability in the BSP inlet gas particulate.-phase 
analyses. 

B. The high uncertainty (13 1% f 110%) in the boron closure about the boiler is the 
result of variability in the BSP inlet gas-phase. analyses. 

As. The high uncertainty in the BSP closure is mostly due to high variability in the BSP 
inlet gas vapor-phase analyses. 

Emission Factors 

The emission factor expresses stack emissions on an energy basis. Emission factors for 
elements are located in Table 6-3. The following general equation was used in calculating 
emission factors: 

Emission Factor = Mass of Species in Stack Gas 
Bnergy of Coal Burned 

(6-3) 

Detailed emission factor equations and an example calculation are presented in Appendix I. 

Removal efficiencies of elements were calculated for the boiler, BSP, and JBR. Results are 
presented in Table 6-4. Since all elements but B, Hg, and Se should be present primarily in 
the solid phase, most of the removal of trace species occurs with the removal of fly ash in 
the BSP. The following equation defines the removal efficiency for a substance: 

Re4novalE%icicalcy=100* Masofspeci~inGassaeamExitingsystem (6-4) 
M&s of Species io Gas Stream (or Cd) Entering System 

An example calculation of a removal efficiency is provided in the Example Calculations in 
Appendix I. 

Organic Compound Results 

The organic compounds detected in the samples from all three gas streams can be grouped 
into three categories: plasticizers, outside source contaminants, and process 
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Table 6-3 
Emission Factors 

AIdOIlS 

Chloride 

Fluoride 

Selected Elements’ 

Antimony 

Arsenic 

Barium 

Beryllium 

Cadmium 

Chromium 

Cobalt 

Copper 
Lead 

Manganese 

Mercury 

Molybdenum 

Nickel 

Selenium 

Vanadium 

Aldebydes 

Acetaldehyde 

Formaldehyde 

Volatile Organic+ 
Benzene 

Carbon Disulfide 
Toluene 

lb/lOn Btu 95% CI 

742 647 

122 67 

0.06 0.01 

1.2 0.2 

2.8 9.9 
0.1 0.1 
0.6 2.1 

5.3 49.5 

0.7 0.8 

2.0 2.3 

0.6 0.6 

7.2 48 

3.0 0.3 
1.5 2.6 

40.1 435 
26.5 58 

2.1 0.5 

8.6 9.2 

24 36 

1.3 0.3 
2.2 1.2 
2.0 1.0 
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Table 63 (Continued) 

Ib/lO’* Btu 95% CI 

Semivolatile Organ& 

2-Methylphenol (o-cresol) 

4-Methylphenol (p-cresol) 

Acetophenone 

Benzoic Acid 

Emzyl Alcohol 

Naphthalene 

Phenol 

2.9 3.8 

0.95 1.9 

3.2 0.7 

120 7 

2.8 12 

1.5 1.0 

9.2 8.8 

’ Run 1 particulate-phase data were invalidated for 011 elements included here except arsenic, selenium, and 
vanadium due ta the filter background comprising 20% or greater of the mcpsured concentration. 

b only those compounds with M average concentration above the detection limit are included. 

’ Metbylene chhide, ace%me, and other halogenated hydrocahns are not included because their presence is 
strongly suspected to be the result of ContamiMtion. 

d Phthlate esters are not included because their presence is suspected to be tbe results of contamination. 
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Table C4 
Removal Effxiencies (Includes Particulate and Vapor Phase) 

Roik 
1 Remomt 95% Cl 

ctlloridc 
Fluoride 
a 
Ahnin"~ 
,4IlthOny 
Amsnic 
Ruium 
Reyllium 
BYmn' 
chdmi"m 
Calcium 
uuomium 
chhd, 

Coppcf 
h-m 
Lad 
M&urn 
MMgUtZ 
Mercury 
MotyMcnum’ 
Nickel 
Phmpkmd 
Pwusium’ 
SShi”U, 
Sodium 
suwti”m’ 
Titud”rn 
Vdium 

-7 126 -12 49 99 1 
1.4 I5 1.6 37 98 1 

26.0 16.8 98.6 
32.8 45 98.8 

-113.5 (-2.4y 94.7 (43.6Y 95.9 
31.5 29.7 98.3 
-4.3‘ 18.2 98.1 
-30.6 114.7 34.3 
0.5 62.9 95.1 
6.9 44.1 98.8 

-43.2 (10.2~ 228.7 (33.3)' 98.7 
3.1 35.2 98.2 

73.8 75.4 97.8 
12.5 10.1 98.9 
-9.1 36.9 97.4 
8.5 24.1 98.4 

-11.4 12.8 98.4 
-IO5 (my 84.1 osy 55.2(16.53 

82.5 19.9 97.2 
16.4 88.1 98.8 
69.6 21.3 94.8 
41.5 13.9 98.6 
34.8 30.9 38.1 
10.1 11.9 97.6 
52.1 7.9 98.5 
24.0 18.5 98.6 
13.7 12.4 98.0 

2 

0.6 
1.5 

0.3 
0.1 

98.4 
84.1 
92.7 
96.1 
92.6 
93.5 
46.2 
85.3 
76.6 
85.3 
88.1 
98.0 
96.7 
93.3 
78.4 
45.9 
82.5 
-75s 
91.1 
96.4 
66.9 
94.0 
96.6 
98.3 
96.0 

3.1 
2.1 

13s 
7.0 

14.4 (20.6)' 
2.2 
0.7 

144 
7.4 

27.2 
1890 
_. 

85.1 56.1 

0.4 
0.3 

0.4 
0.9 

E.w 
%bO.d 9-m CI 

JRR 
% Remoral 95% Cl 

'Spikerecovctyh ESP idctgas-phaxpanicuhte for Al ~~r62%,Ldic~tingpoaribic,lulytifslbi~*. 

' Since the ESP outlet gas-phase puticuhte Runs 1 and 3 were discarded, confidence intervals for the ESP and IRR removaI &icicncics 
could IYY be s.kul.ti for mny &menu. 

' Values ia pmenthuer are thorn obuined when INM cod adylcn are substituted for the OFA. dab. 

’ Spike rccovcry for Be in the PE ash sampk was 1478, indicating possible amlyiic~l bias. 

’ ESP inlet gm-phme partiiouhte Run 2, at 550 “g/g, is a Ntistical oudier. In comparison with sluiced ash, hopper ash, and size 
fnotiolvti particulate data for chromium, this value is likely to be biased high. ‘The naval cficicncy data in parenthcws arc calculated 
with this v*ue rcjectcd. 

“the dcmcnu arc conristmOy ctiohcd in tic coat ash over the process strum solid-phase soncenrmions, suggesting that tic ox,1 
anatyae* are biiud high for these clcmens. 

’ ESP inlet gw-phar pmticulnC data at mspcctcd to be biixd high compared will Uced ash hopper ash malyws. This is also mapported 
by the high boiler md low ESP mu balance clomrrs. Tbs removal effXency data in parmtbcres we calculated with the ESP sluiced ash 
andy~r wbstbutd for the ESP inlet gas-phase paniculae analyses. 

’ Oas partisultc-phu data wee uruvailablc. PSP sluiced ash data were substituted 
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related compounds. The phthalate esters detected in the MM5 gas samples are typical 
plasticizers commonly attributed to plastic bottles, bags, etc. used in the field laboratory 
environment. Sample and field blank concentrations are comparable; since phthalates are 
ubiquitous in the terrestrial environment, their presence is most likely due to contamination. 

Methylene chloride and acetone are common reagents used in the field for sample recovery, 
and the detection of these compounds in the VOST samples is attributed to their presence in 
the field laboratory environment. Also detected in the VOST samples were chloromethane, 
hichloroethane, tetrachloroethene, and trichlorofluoromethane. These compounds were also 
found in the field blanks, but not in the trip blanks. Their presence is attributed to an 
unknown source of solvents or refrigerants in the field environment and they are not 
considered to be process-generated compounds. 

Six semivolatile organic compounds and two volatile organic compounds detected consistently 
in the three gas streams are likely associated with the coal combustion process. These are 
benzene, toluene, phenol, 2-methylphenol (o-cresol), 4-methylphenol (p-cresol), acetophe- 
none, naphthalene, and benzoic acid. The average measurable concentrations of these 
compounds across all three gas streams are less than 1 ppbv except phenol (2.5 ppbv), 
formaldehyde (8.2 ppbv), and benzoic acid (37 ppbv). (Note that benzoic acid is not 
included on the Title III list of compounds in the Clear Air Act Amendments.) 

Benzene, toluene, and the phenols are known products of coal devolatilization, and their 
presence indicates partial oxidation of the coal or the possible presence of lower-temperature 
combustion zones within the boiler. The presence of naphthalene, in addition to being a 
process related compound, is sometimes attributed to inadequate cleanup of the XAD resin 
material used as the sorbent in the MM5 sampling train. At this site, however, naphthalene 
concentrations in the blank resin samples were less than three times the detection limit 
indicating a relatively clean resin matrix. The gas sample concentrations were all less than 
eight times the detection limit with most of the measurable naphthalene concentrations near 
the levels found in the blank samples. Consequently, the confidence intervals around the 
naphthalene concentrations are large, and any definitive conclusion about the presence of 
naphthalene in the flue gas is not possible from these data. 

Conversely, benzoic acid is present in the flue gas samples at an average concentration of 37 
ppbv, over ten times greater than any other process related compound. The presence of 
benzoic acid in the flue gas may be explained by at least two well known mechanisms: 

l Oxidation of naphtbalene followed by decarboxylation at 300°C. This route was used 
commercially to produce benzoic acid until recently, when it was phased out in favor of 
liquid-phase oxidation of toluene. Naphthalene is oxidized to phthalic acid anhydride 
then decarboxylated, which takes place spontaneously at 3OO”C, with about 40% 
conversion. It is not unreasonable to assume that a similar reaction could occur during 
the combustion process when naphthalene is present. 

l Oxidation of toluene to benzoic acid. The catalytic oxidation of toluene to benzoic acid 
using V205 was also used to produce benzoic acid commercially in Germany during 
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World War II. Although it has also been replaced by the liquid-phase oxidation mecha- 
nism, the fact that the process existed indicates that benroic acid can be obtained by the 
oxidation of toluene. The oxidation yields benxoic acid and benzaldehyde, which can 
also be oxidized to benxoic acid. 

Etenzoic acid is not on the Clean Air Act list of 189 toxic substances, but it is noteworthy 
that all of the detected organic compounds are aromatic and share a common toluene or 
substituted-benzene structure. Although benxoic acid may be a degradation product of XAD 
resin, there is no evidence confirming this compound is generated as a sampling artifact. 
Another likely hypothesis is that the semivolatile compounds detected in the flue gas are 
attributed to various oxidation and substitution products of naphthalene, xylene (detected in 
only one sample), and toluene, with benxoic acid being the predominant product. 

Similarly, the presence of acetaldehyde and formaldehyde in the flue gas may be attributed to 
the oxidation of ethane and methane possibly produced from the partial oxidation of coal. 
Gas samples were not analyzed for acetic or formic acid, which are the oxidation products of 
acetaldehyde and formaldehyde, respectively. The analysis of these organic acids, if 
detected, could provide some insight into the behavior of acetaldehyde and formaldehyde and 
the level of oxidation possible in the system. 
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COMPARISON OF VAPOR AND PARTICULATE 
COMPOSITION 

Most of the substances measured at Plant Yates are distributed between the flue gas (vapor) 
and particulate matter (bottom ash, collected ESP ash, ash removed in the FGD system, or 
emitted ash which exits with the flue gas through the stack). Of the organic compounds 
tested, the semivolatile compounds should be associated with the particulate matter, and the 
volatile compounds should remain in the vapor phase. (Some of the organic compounds are 
at least slightly soluble in water and thus may be removed from the flue gas in the wet FGD 
system.) The sampling and analytical techniques used in the project did not quantify the 
distribution of the organic compounds between the particulate and vapor phases. 

EPA Proposed Method 29 was the primary method used for collecting the trace metals 
samples at Plant Yates. The anions train used to measure acid gas concentrations is similar 
to Method 29 in many respects since both are modifications to the Method 5 sampling 
procedure. In these methods, the particulate and vapor concentrations are analyzed and may 
be reported separately. However, because of the low vapor-phase concentrations and the 
high potential for contamination during sampling, sample handling, or analysis, the partitions 
between particulate and vapor phases should be used cautiously. 

Most of the inorganic elements present in the flue gas downstream of the air heater should be 
in the particulate phase. As is discussed in Section 8, some of the metals will be enriched in 
the titter particulate sizes, but the vapor pressure of most elements and their compounds is 
too low for measurable concentrations to be expected in the vapor phase at temperatures of 
300°F and below. Exceptions to this include mercury, hydrochloric acid, hydrofluoric acid, 
and selenium which may have significant vapor concentrations. Selenium may be present 
either as vaporous compounds such as SeO, or as a component enriched in the finer particu- 
late matter. 

Tables 7-1, 7-2, and 7-3 show the particulate and vapor-phase distribution of the inorganic 
substances of interest measured at Yates in the ESP inlet, ESP outlet, and stack streams, 
respectively. Rather than summing the components of the sampling tram, the concentrations 
of the particulate and vapor phases have been computed and averaged separately. For values 
reported from the laboratory as below the detection limit, one-half the detection limit was 
included in the averaging procedure. The average determined in this manner was used to 
calculate the particulate percentage, even if the average was less than the average detection 
limit of the non-detected samples. In this event, the average detection limit has also been 
included in the tables as a less than value in parentheses (< DL). The percentage of the 
particulate- and vapor-phase concentrations that result from averaging values below detection 
limits are included in the tables. 
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Table 7-l 
Vapor and Particulate-Phase Distribution at ESP Inlet 

Elwent 
Part.conc %Palt. vapor cone. 

*/Nm’ DL’ &Nm’ ’ 
4% Vapor 

DL’ 
% of Elaneat in 
Portiadate phase 

AIlthO0y 33 

Arsenic 400 

Barium 4,400 
Ekryllium 93 

Bomo 4,2006 

cadmium 24 

Chloride 6,100 

chromium 2,900 
Cobalt 275 

CoPper 770 

FbbX-i& 1.3 

Lead 710 

M8OgPnCtSC 2,120 

Mermty 1.3” 

Molybdenum 320 

Nickel 2mo 
PhOSphONS 2,100 

selmium 133 

Strontium 2,910 

Vanadium 2,760 

0% 0.56 0% 
0% 0.083 (CO.17) 100% 

0% 1.5 0% 

0% 0.06 0% 
0% 6,390 0% 

0% 0.11 16% 

0% 112,000 0% 

0% 11 0% 

0% 0.34 (<0.74) 55% 

0% 1.1 0% 

0% 8,300 0% 

0% 0.103 (CO.21) lOOR 

0% 0.051 (CO.10) 100% 

0% 5.5 0% 

0% 0.66 (< 1.4) 52% 

0% I 7% 

0% 7.8 (<W 100% 

0% 0.11 (CO.22) 100% 

0% 2 0% 

0% 1.20 0% 

98.3% 

100.0% 

100.0% 

99.9% 

39.7% 

99.6% 

5.2% 

99.6% 

99.9% 

99.9% 

0.0% 

100.0% 

100.0% 

19.2% 

99.8% 

99.6% 

99.6% 

99.9% 

99.9% 

100.0% 

Note The Hg concentration io the sluiced ash has been sobstitoted for the ESP inlet ash Hg conceotration since 
the latter is believed to be biased high. 

’ Percentage of the particulate conceotratioo that results from using measuremeats below detection limits. 

b Note: Run 2 has been excluded from the vapor-phase average because of contamination. 

= Percentage of the v*por concentration that rsulrs from using measwemcllts below detection limits. 

’ Boron concentrations from the sluiced fly ash have been substituted for the gas stream particulate conceotm- 
tions. Chemicals containing boron are used in the digestion procedure used for the gas stream particulate 
samples. 

’ The sluiced fly ash mercury concentration was sobstihlted for the mercury concentration measured in the ESP 
inlet particulate. Material balances around the boiler, ESP, and overall plant support the hypothesis that the 
ESP inlet particulate mercury concentration is biased high. 
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Table 7-2 
Vapor and Particulatephase Distribution at ESP Outlet 

Port.conc. %l%wt. Vapor Cone. (I Vapor % of Element in 
Elemot Icgmm DL’ #glNm’ ND’ Portiadate phese 

AUtimOny 0.39 0% 0.021 

Arsmic 16 0% 0.091 

BWiUlU 74 0% 1.0 

Belyuium 1.7 0% 0.093 

cadmium 1.1 0% 0.10 

Chloride 45 0% 136,OCO 

chromium 23 0% 0.57 

cobalt 4.5 0% 0.54 

Copper 16 0% 1.1 

Fluoride 0.12 0% 7,900 

Lead 18 0% 0.37 

Manganese 34 0% 0.055 

M-=Y 0.126 0% 5.6 

Molybdenum 8.1 0% 0.61 

Nickel 22 0% 1.54 

Phosphorus 100 0% 8.49 

SelUliUUl 82 0% 0.12 

Strontium 43 0% 1.4 

VUdiUm 54 0% 1 

(CO.18) 

(CO.16) 

(<0.73) 

(C1.0) 

(<O.ll) 

(C1.4) 

(<2.9) 

(<17) 

(CO.23) 

0% 

100% 

0% 

57% 

20% 

0% 

42% 

31% 

16% 

0% 

20% 

100% 

0% 

37% 

59% 

100% 

100% 

0% 

12% 

94.8% 

99.4% 

98.7% 

94.9% 

91.1% 

0.0% 

97.6% 

89.2% 

93.9% 

0.0% 

98.0% 

99.8% 

2.2% 

93.0% 

93.6% 

92.2% 

99.9% 

96.9% 

98.2% 

’ Percentage of the particulate concentration that results from using -remc(lts below detection limits. 

b Percentage of the vapor concentration that results from using measurements below detection limits. 
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Table 7-3 
Vapor and Particulate-Phase Distribution at Stack 

Element 
Pottcone %Pali. vapor cone. 

jtg/Nm’ DL* pg/Nm’ 
96 Vapor 

DL’ 
% of Element in 

pprticulote phase 

Antimony 0.052 0% 0.012 

Alsenic 1.1 0% 0.089 

Barium 2.8 0% 0.082 

Beryllium 0.041 0% 0.061 

cadmium 0.59 0% 0.032 

Chloride 214 0% 540 

c!lmmium 5.1 0% 0.34 

cobalt 0.25 (~0.6) 59% 0.39 

CoPper 0.77 0% 1.2 

Fluoride 0.051 0% 124 

Lad 0.50 0% 0.11 

Mangame 7.2 0% 0.054 

Mercury 0.0071 18% 3.0 

Molybdenum 1.4 0% 0.12 

Nickel 39 0% 1.8 

Phosphorus 1.3 (C2.6) 100% 8.2 

selenium 26 0% 0.8 

Stmotium 1.5 0% 0.022 

Vanadium 1.6 0% 0.55 

(~0.18) 

(CO.14) 

(CO.17) 

(CO.064) 

(<0.67) 

(CO.22) 

(CO.11) 

(C2.6) 

(cl@ 

(<0.045) 

0% 

100% 

54% 

82% 

100% 

0% 

100% 

0% 

14% 

0% 

100% 

100% 

0% 

0% 

46% 

100% 

0% 

100% 

0% 

80.6% 

92.5% 

97.2% 

40.1% 

94.9% 

28.4% 

93.8% 

39.3% 

38.2% 

0.0% 

82.1% 

99.3% 

0.2% 

92.3% 

95.7% 

13.6% 

97.1% 

98.5% 

74.5% 

’ Percentage of the particulate concentration that results from using measurements below detection limits. 

b Percentage of the vapor concentration that nsults from using meawwnents below detection limits. 
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At FSP inlet conditions, more than 99% of the mass of the substances of interest were found 
in the particulate phase. Exceptions to this are chloride, fluoride, and mercury. Most 
chloride and fluoride exiting the boiler are in the acid gas form (HCl and HF.) In fact, Title 
III of the Clean Air Act Amendments of 1990, only lists HCl and HF and not chloride and 
fluoride salts which would be in the particulate form. However, the particulate measure- 
ments are included in this section for completeness. 

With the exception of mercury, chloride, and fluoride, the particulate phase contains most of 
the mass of elements at the ESP outlet and stack as well. The percentage found in the 
particulate phase decreases for some elements in the stack, primarily because the particulate 
loading (and therefore the particulate concentration of an element on a gas-phase basis) 
decreases. The gas-phase concentrations of most elements are reasonably consistent at each 
of the sampling locations. However, these concentrations, while very low, are above those 
expected. Since the concentrations of the elements in the liquid impinger samples are 
extremely low (10 ppb level or below for most), contamination of the impinger solutions is 
the suspected cause. 

Field blank concentrations support the hypothesis that contamination may be the cause of the 
higher-than-expected vapor-phase concentrations of the elements of interest. Table 7-4 
compares the stack vapor measurements to the stack field blank concentrations (calculated on 
an average stack gas volume basis). For most of the elements, the field blank concentration 
equals or exceeds the measured stack concentration. Since the reagent blanks are generally 
much lower than the field blanks, sample handling under field conditions is the expected 
cause of contamination. Possible sources of contamination include incomplete rinsing of the 
sampling tram glassware or inadvertent contact of the rinse solution with external glassware 
surfaces. Again, because the concentration of these elements is in the ppb range, very little 
material is required to cause these levels of contamination. 

Mercury and fluoride are almost entirely in the vapor phase at the ESP outlet and stack. 
Chloride shows a substantial particulate percentage at the stack. This high level of particu- 
late chloride is believed to be caused by a minor amount of absorber liquid being re- 
entrained from the mist eliminator surfaces. Again, this chloride is a calcium salt which is 
not included on the list of elements and compounds in Title III of the Clean Air Act 
Amendments of 1990. 

Finally, the selenium distribution at Plant Yates is worthy of note. Essentially all of the 
selenium was found in the particulate phase at Yates, while at most other coal-fired electric 
utility plants a significant fraction of the selenium has been measured in the vapor phase. 
(Variability in the selenium data is also high in most cases.) Although the particulate phase 
contains the selenium, particulate-phase selenium removal efficiency was only 40% (see 
Table 8-2) compared to greater than 98% removal efficiency for the total particulate matter. 
All other particulate-phase metals are removed at greater than 90% efficiency. These data 
indicate that selenium may be reacting or condensing on the particulate filter during gas- 
phase sampling resulting in a lower-than-expected vaporous selenium concentration. Also 
note that the spike recovery for the selenium vapor was low, indicating a possible low bias in 
the vapor-phase selenium concentration. 
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Comparison of Vapor and Particulate Composition 

Table 7-4 
Stack Field Blank Versus Vapor Concentration 

Element 
Vaper cont. Field Blank 

Km& pgMm’ 

AOtimOny 0.012 

Amnic 0.089 

BtilUU 0.082 

Beryllium 0.061 

Cadmium 0.032 

ctuomium 0.34 

cdalt 0.39 

copper 1.2 

Lead 0.11 

MUlgZWlC=X 0.054 

Molybdenum 0.12 

Nickel 1.8 

PhOsphOruS 8.2 

SelmiUm 0.8 

Strontium 0.022 

Vanadium 0.55 

(CO.18) 

(CO.14) 

(CO.17) 

(<0.064) 

(~0.67) 

(CO.22) 

(CO.11) 

(~2.6) 

(<W 

(<0.045) 

1.78 

CO.177 

0.734 

co.150 

0.054 

3.19 

1.01 

1.66 

1.08 

10.6 

0.073 

3.59 

< 16.5 

CO.228 

0.513 

0.821 

’ The ” < ” symbol indicates the average D.L. for these .substances. 
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Comparison of Vapor and Particulate Composition 

In Table 7-1, the mercury concentration in the sluiced fly ash has been substituted for the 
mercury concentration measured in the ESP inlet particulate matter because the ESP value is 
believed to be biased high. (The ESP inlet ash mercury concentration is significantly higher 
than that measured at most other coal-fired electric utility plants.) As shown in Table 6-2, 
material balances for mercury around the boiler (205%) and ESP (55%) indicate that the 
mercury particulate concentration may be high. The overall balance for mercury (101%) is 
good. (This balance does not use the ESP inlet data.) Since the ESP sluiced ash includes 
most of the ash at the ESP inlet, concentrations in this stream should be reasonable estimates 
for the ESP inlet ash concentrations. When this substitution is made, the mercury balances 
around the boiler (110%) and ESP (102%) become more reasonable. 
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8 
DISTRIBUTION OF HAPS AS A FUNCTION OF 
PARTICLE SIZE IN THE FLUE GAS AND THE PARTICLE 
SIZE DISTRIBUTION IN THE ESP 

Understanding the distribution of trace metals according to particle size is important in 
understanding and predicting trace metals emissions rams and removal efficiencies across 
control devices. For example, if an element was enriched (higher concentration than in the 
bulk ash) in the fine particulate matter, the removal efficiency for that element across an ESP 
would be expected to be less than that of the bulk particulate matter. (Theoretically, an ESP 
does not control the fines as well as the larger particle size fractions.) 

Prior to the presentation of results from Plant Yates, expected results based on historical data 
will be discussed. Trace metals in coal can be grouped into three general categories: 

Elements (and compounds) that are not vaporized during the combustion process and, 
therefore, are assumed to be uniformly distributed in the bottom ash and fly ash. 
Included in this category are barium, beryllium, manganese, strontium, vanadium, and, 
sometimes, chromium and nickel. 

Elements that are partially or completely vaporized in the furnace and then condense as 
the flue gas temperature drops in cooler regions of the boiler and in downstream equip- 
ment. This condensation can occur on the surface of ash particles or by homogenous 
nucleation, so elements in this category tend to be enriched in the finer fly ash particles. 
Included here are arsenic, cadmium, copper, lead, molybdenum, and, sometimes, 
chromium, nickel, and selenium. Antimony and phosphorus may also fall in this 
category, but not much supporting data on these elements are available as yet. 

Elements that are vaporized and remain primarily in the vapor phase at flue gas tempera- 
tures in the stack. Mercury and sometimes selenium fall into this category. Selenium 
may be present either as vaporous compounds, such as SeO,, or as a component enriched 
in the finer particulate matter. 

Collection and Analytical Methods 

The mass particle size distributions around the ESP can be used to characterize its perfor- 
mance. The size distributions were determined by Anderson High Capacity Source Sampler 
(4 cuts) for the ESP inlet, by Microtmcs laser diffraction for the ESP Field 1 hopper catch 
and the ESP Field 2 hopper catch, and by University of Washington Mark V cascade 
impactor (11 cuts) at the ESP outlet. 
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HAPS as a Function of Patiicle Size 

To convert the size distributions from aerodynamic diameter to physical diameter, it is 
necessary to know the density of the particles. Particle density measurements were made on 
samples from the ESP from Plant Yates ESP Hoppers l-4 on 6/23/93. A helium pycnometer 
was used to measure the porosity and volume of the ash samples. The samples were then 
weighed to determine the particle density. The average of three measurements was 2.41 
g/cm), and it was assumed that this density was representative for ail sizes of particles. This 
value for density was then used in the impactor data reduction to calculate the physical 
diameters. 

Particle Size Distribution and Fractional Efficient y 

Figures 8-1, 8-2, 8-3, and 8-4 show the cumulative and differential particle size distribution 
measured at the inlet and outlet of the BP. Specific run data for the ESP inlet and outlet 
PSD tests are included in Appendix C. 

The inertial sampling equipment used for these tests is described in Section 5. Sampling was 
conducted at a fixed, isokinetic flow rate to yield a constant stage cutpoint. The sampling 
train utilized is essentially a standard EPA reference Method 17 configuration. Stage 
cutpoints for the cascade impactors and cyclone samplers are derived from empirical 
calibrations based on operating flow rates, run conditions, and sampler geometry. 

ESP particle size data are presented on a physical basis, rather than aerodynamic, using a 
measured ash density of 2.4 gmlcm”. The ESP inlet particle size distribution is a direct 
average of triplicate runs at the same cyclone stage cutpoints. The top and bottom end of the 
distribution are assumed to be 50 pm and 0.1 pm, respectively. This range was selected to 
cover the extent of particles which are typical of coal-fired boilers. Mass median diameter 
and geometric standard deviation of the distribution were estimated graphically, based on the 
50 pm upper size limit, assuming a log-normal distribution. The resulting inlet distribution 
had a maSs median diameter of 13 pm with a standard deviation of 4.1 This represents a 
rather wide spread for an inlet size distribution. Since only four data points are available 
from the cyclones, it is difficult to discern any more details on the inlet distribution. 
However, the amount of space charge suppression that was observed in the first field of the 
ESP does indicate large concentrations of fine particles which would also reflect a large 
standard deviation. 

Data reduction for the outlet PSD follows a standard cascade impactor Ds, calculation 
method.‘ Outlet particle size was also extrapolated to a 50 pm upper endpoint. Mass 
fraction and differential distribution were directly averaged from the raw impactor run data, 
since stage D, cutpoints were nearly identical between runs. The resulting distribution had a 
mass median diameter of 4.1 pm and a standard deviation of 3.1. This size is representative 
of the size distribution commonly measured at the outlet of an ESP. 

In Figures 8-3 and 8-4, and Table 8-1, the differential mass has been normalized to the level 
of the Method 5129 average measured particulate concentration. This corrects for sample 
fallout and loss in the particle sizing cyclones and cascade impactor. It also accounts for 
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HAPS as a Function of Particle Size 
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Figure 8-l 
Cumulative Particle Size Distribution. Yates ESP Inlet 
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Figure 8-2 
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Figure 8-3 
Cumulative Particle Size Distribution, Yates ESP Outlet 
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HAPS as a Function of Particle Size 

Table 8-l 
Measured Particle Sii and Fractional Efftciency 

Physical I&t Inlet OUW Outlet FlW.tiOnal Fl¶WtiOnal 
Diameter Ctmudafi~e D&f/d &gD50) Cumulative DBUd(logD50) Etliciency Penetration 
(microns) Ma% 6) h&!~cLFan) Mas w (mg~d-0 (W 66) 
0.1 - 1.2 3.8 300 16.0 17.3 94.2 5.8 

1.2 - 4.3 20.3 2,413 55.0 81.5 96.6 3.4 

4.3 - 7.8 33.8 4,309 78.0 95.5 97.8 2.2 

>7.8 100.0 4,927 100.0 51.0 99.0 1.0 

1. Fly ash density = 2.41 pm/cm’. 

2. Inlet differential distribution normalised to average mass test concentration of 8,338 mgldscm. 

3. Outlet differential distribution normaliwd to average mass test concentration of 131.8 mgldscm. 

differences between the single-point impactor and cyclone sampler tests and the multipoint 
Method 5/29 measurements. 

Table 8-l shows the collection efficiency as a function of physical particle size. The overall 
collection efficiency for all particles was 98.4 percent. The measured collection efficiency 
for particles below 1.2 pm was 94%, while the collection efficiency for particles between 
1.2 - 4.3 microns was 96 percent. The mass fraction above 1 pm represents the majority of 
particles emitted from the ESP. Although theoretical collection efficiency decreases with the 
particle diameter, non-ideal effects such as sneakage, gas flow distribution, and reentrainment 
can have a very significant effect on ESP performance for larger particle sixes. This 
demonstrates that an FSP can efficiently collect submicron particles and does not emit just 
fine particles as is commonly believed. 

Predicted ESP Performance 

ESP performance can be affected by several variables including particle resistivity and the 
electrical characteristics of the ESP. Roth of these conditions can ultimateiy affect opacity. 
Each of these are discussed in the following section. 

PartMe Resistivity. Particle resistivity was measured at the ESP inlet using an extractive 
resistivity measuring device. In this device, sample collection and resistivity measurement 
are performed in a chamber external to the duct. The system uses an in-situ probe to 
isokinetically extract a sample of dust to a temperature-controlled precipitation chamber 
where a point-plane precipitator deposits the dust onto a disc. Once a suitable layer has been 
deposited, layer thickness is measured with a precision micrometer. Resistivity is measured 
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in the presence of flue gas by applying increasing voltage across the dust layer. The 
resulting current is measured with a picoammeter until the dust layer breaks down electrically 
and sparkover occurs. The resistivity is then calculated using the ratio of the electric field to 
the current density just prior to sparkover, as described in ASME Power Test Code Number 
28. Measurements arc typically made over a range of temperatures for the same dust layer. 
This allows resistivity to be measured over a range of possible ESP operating conditions. 

In addition to the in-situ measurements, resistivity was also calculated using a computer 
model developed by Bickelhaupt. 23 This model predicts resistivity as a function of temper- 
ature, water vapor content, and SOa concentration. An as-received ultimate coal analysis is 
required to run the Bickelhaupt model. 

Figure 8-5 shows a plot of the particle resistivity. The solid triangles are in-situ measure- 
ments made during the field test program at the ESP inlet. Although the ESP temperature 
was steady at approximately 280”F, it was possible to make measurements at a range of 
temperatures from 240°F to 320°F by varying the temperature in the resistivity chamber. 

The lines shown in Figure 8-5 are the predicted values based upon the Bickelhaupt empirical 
model. This model uses coal and ash characteristics to predict particle resistivity. It has 
been documented that the weakest part of the model is predicting the gas-phase SQ concen- 
tration. Therefore, the plot contains the predictions for four values of SQ from O-7 ppm. 

At 280”F, the measured resistivity was 8 - 10 x lOto ohm-cm, which represents conditions 
for very good precipitation. The measured values are higher than the predicted values with 
greater than 1 ppm of Sa. The predicted values with no SO9 match well with the measured 
values. This means that the amount of SQ present in the flue gas was much lower than 
predicted. This can be caused by conditions in the boiler or by characteristics of the air 
preheater. Often SO9 can be scrubbed by the cold surfaces in the heat exchanger. 

Another indication that the SOS was low was the low dew point that was measured. The 
resistivity chamber has been modified to allow measurement of acid dew point. A window 
on the chamber is cooled to a point that condensation occurs on the window face exposed to 
the flue gas. The window is then heated externally until the mist disappears. A thermocou- 
ple attached to the inside of the window is used to determine the temperature of the glass 
surface. Experience with this system has shown that the dew point can be consistently 
measured + 2°F. During the measurements at Plant Yates, there was no detectable dew 
point above 220°F. This corresponds to an SO, concentration of approximately 0.3 ppm. 

Electrical Characteristics. The electrical characteristics are shown in Figure 8-6. The 
voltage current (VI) characteristics are expressed in the normalized terms of electric field 
strength (kV/cm) and current density (nA/cm*). All the fields, except Field C, operate at 
field strengths greater than 3 kV/cm. Cold-side ESPs that are not experiencing problems 
related to high resistivity wiIl typically operate. in the range of 3.0 to 3.5 kV/cm. Therefore, 
the VI curves shown in Figure 8-6 reflect the moderate particle resistivity levels described 
previously. 
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Particle Resistivity 

8-9 



HAPS as a Function of Particle Size 

i 
\ 

\ 

\ 

2 

5, 

\ 

\ 

(2 v”J%“J) MISN3Q lN3WfIO 

Figure 8-6 
Voltage Current Curves 
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Field C is sparked at 2.8 kV/cm which is lower than the field strengths in Fields B and D 
which are upstream and downstream of Field C. Since the low voltage sparking is isolated 
in only one section of the ESP, the problem is probably not related to particle resistivity and 
is most likely due to some minor misalignment in this field. 

Opacity. The opacity over a given period of time is shown in Figure 8-7 which is a plot of 
6 minute averages of 15 second readings. During the time period shown in this figure, all 
sections should have been rapped. The lack of rapping spikes is likely due to the sampling 
time on the data recorder. However, it could be possible that the rapping spikes are 
relatively smaI1. The holding force on the collected dust layer is proportional to the square 
of the particle resistivity. At the resistivity levels measured for this ash, the holding force 
could be strong enough to inhibit removal of the dust from the plates. 

Predicted ESP Performance. The performance of the ESP was predicted using a predic- 
tive ESP computer model developed by ADA Technologies for DOE.4 The non-ideal factor 
for gas flow distribution (25%) that has been recommended by EPRI for older ESPs was 
used in the modeling. The EPRI value for sneakage was modified for this application to take 
into account the fact that there were four electrical sections but only three mechanical 
sections. 

The results of the predictions are shown in Table 8-2. As can be seen, the predicted perfor- 
mance of the ESP matches well with the measured performance. The model predicted 
98.4% for the overall collection efficiency which agrees with the measured results from the 
total particulate tests. The outlet size distributions are also similar as both show a mass 
median diameter of approximately 4 pm. The opacity values are a little different, but the 
exact dimensions of the duct where the opacity is measured is not known. This is important 
for predicting opacity. 

Figure 8-8 is a plot of the measured and predicted penetration as a function of particle size. 
The measured efficiency is much cruder because only 4 data points are available for the 
calculation from the inlet measurements. However, the measured and predicted efficiencies 
as a function of particle sire are nearly identical. Both show a maximum penetration for 
submicron particles of 6 to 7 percent. 

From the fact that there is a strong correlation between the measured and modeled perfor- 
mance, it is concluded that the ESP is performing as would be expected for the fly ash and 
flue gas conditions present. No operational or performance problems are observable. 

Metals Removal Across ESP 

Table 8-3 shows the removal of particulate metals across the ESP as well as the penetration 
of particulate metals through the ESP. The average penetration is 1.6% for all particles. As 
can be seen, most of the metals are removed at approximately the same rate. as the total 
particulate. This would be expected because the metals are associated with all sizes of 
particles and the ESP is showing very high collection efficiency for even submicron particles. 
Figure 8-9 shows the distribution of metals as a function of particle size measured at the inlet 
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Figure 8-9 
Distribution of Metals According to Particle Size at the ESP Inlet 
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Table 8-2 
Comparison of Predicted and Measured ESP Performance 

Predicted Measured 

Collection Efficiency 98.4 98.4 

Cutlet Size Distribution 
Mass Median Diameter, pm 3.9 4.1 
Standard Deviation 3.3 3.1 

Opacity 19% 16% 

to the ESP. As can be seen, as much as 50 to 70% of all particles are associated with very 
large particles (i.e., > 10 pm). 

Figure 8-10 is a similar plot of the distribution of the metals measured at the outlet. At the 
outlet, the highest concentration of mass is in the finest particles (i.e., <3 pm). This is due 
to the fact that the efficiency of the ESP drops off slightly as a function of particle sire as 
shown in Figure 8-8. 

Four Metals with Higher Penetration than the Average 

There are four metals that have penetration values at least twice that of the overall average 
penetration. The increased penetration in arsenic (3.96%), cadmium (4.46%), and phospho- 
rus (4.83%) [and mercury if substitution of sluiced ash concentration for the ESP inlet is 
used (10.98%)] are relatively small and could be due to either the low concentrations for 
arsenic and cadmium, or they could be due to the fact that they might be associated with the 
submicron particles. Both the measured and the predicted penetration of submicron particles 
was on the order of 6% so any increased enrichment of the fine particles for these particles 
could account for the higher penetration. The measured distribution at the outlet also points 
to an enrichment of the fine particles for these metals. Figure 8-10 shows that for arsenic, 
cadmium, and phosphorus, there is a greater percentage of the metal in the finest particles. 

Selenium is the one metal which cannot be explained by the performance of the ESP. If all 
the selenium were associated with the most difficult to collect particles, < 1 pm, it would 
have a maximum penetration of less than 7 percent. However, the measured penetration is 
greater than 50 percent. In addition, Figure 8-10 shows that nearly 50% of the selenium 
being emitted is associated with particles greater than 10 grn. This points to an error in 
sampling and analysis because it would not be physically possible for any particulate-phase 
material to penetrate the ESP at a rate of 50%) especially very large particles. Previous 
testing observation indicates that vapor-phase selenium may precipitate on the active sites 
provided by the filter in the Method 29 train under certain conditions. If this was the case at 
Plant Yates, the “penetration” could actually be caused by vapor-phase selenium which has 
been characterixed as in the particulate phase. 
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Table 8-3 
ESP Particulate-phase Metals Collection Effkiency 

M&d 

ESP Inlet 

pgrnm lhsnu 

ESP outlet Efftciency Penetration 

rgmd lbS/lU (56) (W 

Ahuninum 

AdittlOny 
ArEmic 
BtiUDl 

Beryllium 

cadmium 

Calcium 

chromium 

cdxlt 

copper 
IrOn 

Lead 

Magnesium 

MpnpW. 

MsrcUry 

Molybdenum 

Nickel 

PhOSphOruS 

POrpssiUm 

Selerdum 

sodium 

strontium 

Titanium 

Vanadium 

870,Ocul 926 12,100 12.9 98.60 1.40 

33 0.035 0.39 O.COO4 98.81 1.19 

404 0.43 16 0.017 96.04 3.96 

4,440 4.72 74 0.079 99.33 1.67 

93 0.10 1.65 0.002 98.23 1.77 

24 0.03 1.07 0.001 95.54 4.46 

161,CKUI 172 1,777 1.9 98.90 1.10 

2,870 3.05 23 0.024 99.20 0.80 

215 0.29 4.45 0.005 98.38 1.62 

768 0.82 16 0.017 97.92 2.08 

808,ooo 860 8,537 9.1 98.94 1.06 

768 0.82 18 0.019 97.66 2.34 

42,100 45 657 0.70 98.44 1.56 

2,120 2.3 34 0.036 98.39 1.61 

(1.33? 0.01 0.13 0.0002 90.2 10.98 

315 0.34 8.09 0.009 97.43 2.57 

2,030 2.16 22 0.023 98.92 1.08 

2,070 2.20 100 0.11 95.17 4.83 

157,000 167 2,150 2.3 98.63 1.37 

133 0.14 82 0.087 38.35 61.65 

45,800 49 803 0.85 98.25 1.75 

2,906 3.09 43 0.046 98.52 1.48 

55,100 57 757 0.81 98.63 1.37 

2,761 2.9 54 0.057 98.04 1.96 

* As discussed in Sections 6 and 7. the mercury concentration ESP inlet particulate sample appears to be high. 
The mercury concentration from the sluiced ash sample has been substihrted here. 

Notes: 

1. Average inlet flow rate = 284,000 d&m. 

2. Average outlet flow rate = 284,000 d&in. 
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Further confusing this issue is the fact that particulate selenium also showed up on particles 
collected in the cyclones. The flow in the cyclones does not provide the intimate contact 
between the gas and collected particles that the filter does. However, it does appear that 
whatever phase shift occurring in Method 29 for selenium is also occurring in the cyclones. 

Hopper Distribution 

The concentrations of the metals in the hopper ash were also analyzed to determine if any 
insight could be obtained from this information relative to the performance of the ESP and 
HAPS. It has been hypothesixed that if the metals were concentrated in the finer particles, 
which are more difficult to collect, then the downstream hopper might have a higher 
concentration of metals. The concentrations of metals in the particulate collected in the 
second hopper were divided by the concentrations from the first hopper to verify this 
hypothesis. 

These data are plotted in Figure 8-11. As shown, the metals are distributed about a ratio of 
1 with most metals increasing in the downstream hopper (ratio greater than 1). This supports 
the hypothesis of metals concentrating in the finer particles. 

Another way to visualixe the interplay between elemental concentration as a function of 
particle sixe and elemental enrichment produced by the ESP is to present concentration and 
enrichment together. Figure 8-12 does this. The vertical scale is enrichment of elements in 
the particulate material from the ESP inlet to the ESP outlet. The horizontal scale is the 
ratio of fme particle concentration to coarse particle concentration at the ESP inlet. Note 
that selenium has been left off the figure. Selenium’s coordinates are (0.7, 12.09) which 
puts it in the far upper left comer of the plot. This implies that selenium is enriched in the 
ESP outlet particulate but not in the fine fraction of the ESP inlet ash. This result is 
probably biased by vapor-phase selenium precipitating or reacting on the Method 29 filter as 
previously discussed. However, the lower selenium concentration in the finer fractions of 
the ESP inlet ash was also unexpected given the volatile nature of selenium. 

The figure shows, with the exception of selenium, a relatively smooth relationship between 
the two ratios. The plot demonstrates the concept that the elements, which at the ESP inlet 
have higher concentrations in fine particles than in coarse particles, becomes enriched at the 
ESP outlet in comparison with the ESP inlet. 

Table 8-4 shows enrichment of inorganic elements in the different ash streams at Plant Yates. 
The factors were determined by dividing the concentration of an element in an ash stream by 
the coal ash concentration (concentration of an element in the coal divided by the ash 
fraction). These data generally show the trends expected with the more volatile elements 
exhibiting greater enrichment ratios in the ESP outlet than in the ESP inlet. (Chloride and 
fluoride show very little enrichment in the ash streams since the large majority of these 
elements are in the vapor phase.) 

Of particular note is that most elements have significantly lower enrichment ratios in the 
stack particulate matter than in the ESP outlet ash. Using the major species’ (aluminum, 
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iron, magnesium, potassium, sodium, and titanium) concentrations, it appears that only about 
25 96 of the mass in the stack particulate was fly ash. The bulk of the mass (about 65 %) can 
be attributed to sulfuric acid mist (based on the large increase in sulfate), while gypsum 
carryover accounts for about 5% and liquid chloride carryover accounts for about 3 percent. 
Note that these results indicate a flue gas SQ concentration of 1-2 ppm, which is in the same 
low range as that measured in the flue gas in the ESP (0.3 ppm). 

Elements that show enrichment in the stack particulate matter (other than calcium [from 
gypsum] and chloride) are selenium, nickel, manganese, chromium, and cadmium. Problems 
with selenium have been discussed in this section. The nickel and chromium concentrations 
in the stack include one high concentration which does not appear to be consistent with other 
ash numbers. Their enrichment ratios become much more reasonable when these values are 
excluded. The reason for the apparent high manganese and cadmium enrichments is not 
k!lOWll. 
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9 
MERCURY METHODS COMPARISON AND 
SPECIATION DETERMINATIONS 

This section compares the results of two different methods used to determine the concentra- 
tions of total mercury and its various chemical forms in the flue gas streams. The objectives 
of the mercury sampling were to determine total mercury concentration and individual 
mercury species concentrations at each of the three flue gas sampling locations. These 
results will provide information on the emissions and control of mercury. In addition, the 
speciation results can be used to more accurately assess the possible health risks associated 
with mercury emissions. 

Two different methods were used to measure mercury concentrations in the flue gas. The 
Bloom mercury speciation train’ was used to measure the concentrations of individual vapor- 
phase mercury species: ionic mercury and elemental mercury. Total mercury, including 
both particulate and vapor phases, was measured using the proposed EPA Method 29 multi- 
metals train. Although the Method 29 multi-metals train was designed to measure total 
concentrations of metals and not to provide speciation information, it may still provide some 
insight into the vapor-phase mercury species present. 

Sample Collection and Analysis 

This subsection describes the sampling and analytical methods used to measure mercury 
concentrations. The methods are described in detail in Appendix B, but the important 
features are discussed here. In addition, the sample collection schedule is presented. 

Methods and Conditions 

Bloom Speciation Train. The Bloom mercury speciation train was used to collect samples 
at the BSP inlet, ‘the ESP outlet, and the stack. A quarts-lined probe was inserted into each 
duct, and flue gas was extracted non-isokinetically at a single point. The flue gas then 
passed through a series of four solid adsorbent cartridges which were used to trap the various 
vapor-phase mercury species. The cartridges were maintained at approximately 110°C in a 
heated jacket outside the duct. The first two cartridges contained KCl-impregnated soda 
lime, which is designed to capture ionic mercury species (I-Ig+2 and Hg+). The third and 
fourth cartridges contained iodated carbon, which is designed to capture elemental mercury. 
A glass wool plug ahead of the adsorbent cartridges prevented particulate from entering the 
adsorbents. This plug was not analyxed, because the single-point, nonisokinetic sampling 
does not provide representative particulate capture. Only vapor-phase species were deter- 
mined. 
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Mercury Methods Comparison end Speciation Determinations 

The KCl/soda lime traps were dissolved in acetic acid solutions. Ionic mercury was 
determined by aqueous-phase ethylation, purging onto a carbotrap, cryogenic ~GC separation, 
and detection with cold vapor atomic fluorescence spectrometry (CVAFS). This method was 
used to quantify methyl mercury (MMHg), as methylethyl mercury, however this technique 
was discovered to produce artifacts (see letter from Frontier Geosciences at the end of this 
section) due to a reaction during the dissolution of the KCYsoda lime traps. All data for 
methyl mercury derived using this method is considered in error and has been disregarded. 
Inorganic ionic mercury (Hg+q was determined as diethyl mercury. Elemental mercury on 
iodated carbon traps was determined by digesting with a mixture of HNOJH,SO, and BrCl, 
reducing with SnCl,, purging and preconcentrating on gold, and detecting with CVAFS. 

Several QAlQC procedures were used for the Bloom train. Field blanks were collected at 
each of the three sampling locations to assess the effects of contamination. A trip blank was 
also analyzed. Laboratory spikes were performed for each type of mercury species to assess 
analytical efficiency. In addition, the CVAFS instrument was calibrated using certified 
standards. 

Method 29 Multi-Metals Train. The multi-metals trains were used to collect samples at 
the ESP inlet, the ESP outlet, and the stack. The trains used at the ESP outlet and stack 
were Method 5 trains, with particulate collected on a quartz filter maintained at constant 
temperature (approximately 250°F) outside of the duct. Because of the high particulate 
concentrations at~the ESP inlet, a Method 17 train was used, with particulate collected in an 
in-situ quarts thimble. At all three locations, samples were. collected isokinetically while 
traversing the duct according to Method 1. 

The impinger trains, used to collect vapor-phase metals, were identically configured at each 
location. ‘Ihe fust and second impingers contained a 5% HNO&O% H,O* solution. The 
third impinger was empty, to prevent any mist carryover. The fourth and fifth impingers 
contained a 10% H,S0,/4% KMnO, solution. 

Particulate samples were microwave-digested in I-IF/aqua regia solutions and analyzed for all 
target metals. Mercury concentrations were determined using cold vapor atomic absorption 
spectrometry (CVAAS). The HN03/H,0z solutions were also analyzed for all target metals, 
with the mercury determined by CVAAS. The H,SO,/KMnO, solutions were analysed only 
for mercury using CVAAS. 

The multi-metals train may provide information on mercury speciation. Ionic forms of 
mercury are water-soluble and should be readily captured in the HN0,/H20, solution. 
Elemental mercury, on the other hand, should pass through the HN0,/H20, impingers, 
because the solubility of elemental mercury in aqueous solutions is very low and the H20* 
cannot efficiently oxidize it. The elemental mercury will be oxidized and captured in the 
H,SO,/KMnO, impingers. 

Several QA/QC procedures were followed for the multi-metals trains. Field blanks, reagent 
blanks, and method blanks were analyxed to assess the effects of contamination. Matrix- 
spiked and matrix-spiked duplicate samples were analyzed to assess recovery and precision. 
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The CVAAS instruments were calibrated using certified standards, and calibration checks 
were routinely performed. 

Samples Collected 

Figure 3-2 shows the collection schedule for the Bloom train and multi-metals train samples. 
Three samples were collected for each train type at each of the three sampling locations. 
Gas sample volumes were approximately 0.1 Nms for the Bloom train and 3 Nm’ for the 
multi-metals train. Field data sheet summaries are included in 
Appendix C. 

Data Analysis 

Table 9-l shows the mercury concentrations measured with the Bloom train and the Method 
29 multi-metals train. The total vapor-phase mercury concentrations measured using the two 
techniques are in good agreement. Using the mean multi-metals train results, it appears that 
approximately 99% of the particulate-phase mercury is removed by the ESP, and the removal 
of total mercury by the scrubber is approximately 46 % . 

The speciation results from the hvo methods show similar trends. Ionic mercury is the 
predominant species in the ESP inlet and ESP outlet gas streams, but the ionic mercury is 
more efficiently removed by the scrubber, as shown by its markedly lower concentrations at 
the stack. The removal of ionic mercury by the scrubber can be attributed to a higher 
solubility in water as compared to elemental mercury. 

While the overall trends in the two methods are similar, the detailed speciation results do not 
appear equivalent. In particular, the levels of elemental mercury measured by the hvo 
techniques do not agree well at any of the three locations, and the agreement is poor between 
the two techniques for ionic mercury concentrations at the stack. 

Table 9-2 shows the mercury concentrations found in the blank samples and their significance 
relative to the actual sample concentrations. Blank contamination does not appear to be 
significant. Table 9-3 summarized the spike recoveries for the two techniques. All of the 
recoveries were within the acceptable range of 75 to 125 percent. 
While the QAlQC results for the two techniques indicate acceptable quality, they only 
address the issues of contamination and analytical accuracy. The issue of species conversion 
during sampling has not been addressed. Therefore, while each method can be considered to 
give reliable results for the total concentration of vapor-phase mercury, less confidence can 
be placed in the speciation results. The possibility of conversion of one species to another 
within the sampling equipment or in the sampling media make it less certain that the species 
were actually present in the flue gas at the measured levels. 
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Table 9-l 
Mercury Concentrations in Flue Gas 

Concentrations, pg/Nm’ 
?A of 

LoeptiOO COmponmt RUnl Run2 Run3 Mean 95% CI VllpOr - 
Rleom Hg Spdation Train’ 
ESP Inlet Ionic Hg 

Elemental Hg 
Total Vapor 

ESP outlet Ionic Hg 
El-tal Hg 
Total Vspor 

stack Ionic Hg 
El-tal Hg 
Total Vnpor 

Methetl29 Multi-M&Is Train 

4.5 3.8 5.0 4.4 1.5 69 
2.4 2.4 1.2 2.0 1.7 31 
6.9 6.2 6.2 6.4 1.0 

5.8 4.6 4.0 4.8 2.3 66 
2.5 2.6 2.4 2.5 0.2 34 
8.3 1.2 6.4 7.3 2.4 

0.38 0.51 0.63 0.47 0.33 15 
3.0 3.1 2.3 2.8 1.1 85 
3.4 3.6 2.9 3.3 0.9 

ESP Inlet 

ESP Outlet 

Stack 

Ionic Hgb 4.6 4.9 5.7 5.1 1.5 94 
Elemental Hg’ 0.51 0.31 0.23 0.35 0.36 6 
Total Vapor 5.1 5.3 6.0 5.4 1.2 
Solid 5.2 9.6 6.4 7.1 5.6 
Total Vqor + Solid 10.3 14.8 12.4 12.5 5.6 

Ionic Hg 4.8 4.1 4.9 4.6 1.1 82 
Elemental Hg 1.2 1.1 0.65 0.98 0.73 18 
Total Vapor 6.0 5.2 5.5 5.6 1.1 
Solid 0.11 0.12 0.14 0.13 0.04 
Total Vapor + Solid 6.1 5.3 5.7 5.7 1.1 __ 

Ionic Hg 1.1 1.5 1.9 1.5 0.9 50 
Elemental Hg 1.8 1.6 1.2 1.5 0.7 50 
Total Vapor 2.9 3.1 3.1 3.0 0.3 
Solid <o.co5o 0.0116 <o.w51 0.0056 0.013 - 
Total Vapor + Solid 2.9 3.1 3.1 3.0 0.3 - 

’ Although MMHg values were originally reported by Frontier Geosciences, a letter from Frontier Geosciences 
was issoed on Jnnoary 26, 1994 stnting, in part, I... we. now know that the MMHg we were measuring and 
reporting is due to an artifact. [this method] . . . overestima~ the amount of MMHg. The MMHg fraction 
should tentatively be considered as hart of the Hg(II) fraction of the total Hg in flue gas until our ongoing 
in~t!StigatiotS ws ~~t@kd.” These investigations pre still in pmgress and, until they are completed, the 
p-ce or absence of MMHg in the flue gas cannot be confirmed. 

b Mercury collected in the HNOJH,02 impingers. 

’ Mercury cdlected in the H$O,fKhhO, impingers. 
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Table 9-2 
Summary of Blank Results 

Blank Sample Type 
No. of Range of 
BlMkS Blank Levels 

Max Confribution 
to sampI& 

Bloom Train 

Ionic Hg 

Field Blanks 
Trip Blanks 

Elemental Hg 

Field Blanks 
Trip Blanks 

Method 29 Multi-Metals Train 

6 0.3-0.6 ng 
2 0.5-0.8 ng 

6 1.3-4.6 ng 
2 1.1-3.7 “g 

HNO&O1 Impingers 

Field Blanks 
Reagent Blanks 

H$OJKMnO, Impingers 

Field Blanks 
Reagent Blanks 

3 <0.24 &L 
1 CO.24 )rg/L 

3 CO.24 &L. 
1 CO.24 fig/L 

4% 
4% 

4% 
3% 

<5% 
<5% 

<28% 
<28% 

’ Maximum blank value as P percentage of the minimum sample result. 
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Table 9-3 
Summary of Spike and Audit Sample Recoveries 

Sample Type 

RIoem Train 

Ionic Hg 
Elemmtd Hg 

Me&hod 29 Multi-Met& Train 

HNo,lH,02 Impiige.rs 
H,SOJKhfnO, Impiigm 

No. of Samples Range of Recoveries 

2 102 - 103% 
2 100 - 102% 

2 120~% 
2 76 - 78% 
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The Bloom train is a technique that is still being developed.* Extensive work has been done 
to improve the capture efficiency of the traps, to increase the analytical efficiency, and to 
minimize the chance for species conversion. There are no studies that would conclusively 
demonstrate the validity of the method, such as the spiking of specific mercury compounds 
into the flue gas ahead of the sampling train. Therefore, the method can be considered 
unproven. 

There is no published information regarding the ability of the multi-metals train to provide 
mercury speciation information from utility stack gases. The interpretation of the results thus 
far relies solely on chemical theory. In addition, the extent of species conversion within the 
train is unknown. 

References 
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January 26,1994 
Eric M. Prestbo and Nicolas S Bloom 

Discovery of Methyl Mercury Artifact in the Solid Sorbent Speciation (S 3) method 
for Coal Combustion Fluegas 

We have stated in both reports and presentations (Prestbo and Bloom, 1993, 
Bloom et al., 1993) that monomethyl mercury (MMHg) can be measured and is found in 
coal combustion flue gas in the range of S-15% of the total Hg. Because of very recent 
experiments we have completed in the laboratory, we now know that the MMHg we 
were measuring and reporting is due to an artifact. Only through painstaking 
laboratory work were we able to discover the unusual chemical reactions which 
produce h4MHg in solution. We discovered that Hg@) and S(IV) collected on the 
KCl/soda llrne so&rent, when digested in 10% acetic acid solution will form MMHg on 
the high pH surface of the dissolving soda lime. The likely mechanism leading to this 
can be found (in retrospect) in a paper by Lee and Rochelle (1987). This finding was 
quite surprising considering that SO2 is known to be a reducing and not an oxidizing 
compound. The MMHg forms due to the release of methyl groups during the 
degradation of acetic acid in conjunction with the oxidation of SO3’. 

What we can state convincingly is that all previous flue gas data generated by 
our laboratory overestimates the amount of MMHg. The MMHg fraction should 
tentatively be considered as part of the Hg@) fraction of the total Hg in fluegas until 
our ongoing investigations are completed. It should also be clearly stated that although 
the MMHg values are no longer valid, this is not true for Hg(II), Hgo and especially 
total Hg. Further, please refrain from stating that MMHg is not present in fluegas until 
we have a chance to complete some field site studies using a refined methodology. 

We are actively p*ursuL$ the problem encountered. Iiiitidlj; we wil investigate 
non-methyl containing solutions (i.e. citric~acid) for dissolving KCl/soda lime to avoid 
the artifact. Secondly, we will use several other means of collecting flue gas, including 
unique impinger solutions to more conclusively determine the presence or absence of 
MMHg in combustion flue gas. 

As you know, speciation of trace metals, and especially mercury is difficult in 
any matrix. We regret that previous MMHg fluegas data was in error. We will 
continue to communicate to you any of our new findings as we have with this one. 

Please don ‘t hesitate to call us if you have any questions or need further 
clarification on this issue. 
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70 
HEXAVALENT CHROMIUM DETERMINATIONS 

Introduction 

The stack gas at Plant Yates was sampled for the presence of hexavalent chromium and total 
chromium. Hexavalent chromium samples were analysed on site at Plant Yates in order to 
provide results as quickly as possible. Radian’s experience has shown that hexavalent 
chromium is unstable and is reduced to trivalent chromium quite rapidly during the first 24 
hours after sample collection. Appropriate blanks were analyzed to minimize the possibility 
that any contamination would go undetected. 

Sample Collection and Analysis 

Hexavalent chromium samples were collected on June 25, 26, and 27, 1993. Samples were 
collected and analysed using EPA’s recirculating caustic solution method.’ This method 
uses a recirculating probe system that mixes the total gas sample (vapor and particulate) with 
the caustic impinger solution immediately after the sample nozzle. This provides a high pH 
environment to minimize the reduction of CP+. Analysis was performed on site using an ion 
chromatograph. However, instrument problems were encountered and no useful data could 
he obtained. 

As a result, the samples were returned to Radian’s laboratory in Austin and analyzed for 
hexavalent chromium as well as total chromium. In addition, QAlQC samples were analyxed 
as follows: 

l One matrix spike; 

l One performance audit sample; 

l Three field blanks; and 

l One trip blank (total chromium only). 

Although the hexavalent sample collection method was used as specified in the published 
method, it should be noted that the collection procedure for obtaining CP+ samples from a 
flue gas matrix containing Sq has not been validated. 
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Hexavalent Chromium Determinations 

Data Analysis 

As shown in Table 10-1, hexavalent chromium and total chromium were nondetectable in the 
samples collected after appropriate blank correction had been applied. 

Table 10-l 
Results for Hexavalent Chromium and Total Chromium 

SDecie Units Run 1 Run 2 Run 3 Average 

Chromium VI 

Total Chromium 

pg/Nmr <O.l8C <O.l9C <0.2oc co.190 

pg/Nm’ < 0.52c <0.57c <0.59c <OS60 

C = Data flag; value was bhkam&ed below the detection limit. 

Experience has shown that measurement of hexavalent chromium can be very difficult in 
electric utility flue gas. A brief discussion of the technical implications of determination of 
chromium (VI) in stack gas and, in particular, in combustion sources and utility sources is 
included here. 

The Cr(VI) method depends on the solubility and stability of chromium (VI) in basic aqueous 
solution. The method calls for the use of a strong base in a solution contained in the 
impingers and recycled to the probe tip for early gas contact and flushing to the probe walls. 
The method is theoretically sound but has some limitations when applied to combustion 
sources in general and utility flue gases specifically. 

As mentioned above, Cr(VI) is stable in a strong alkaline solution @H > -9). But all 
combustion gas streams contain large amounts of CQ (lo-20%), which is an acid gas, and 
serves to lower the pH of the impinger solution. As a result, the pH may dip lower than 
desirable during sampling, or the solution must be more alkaline then specified in the method 
or continually monitored. As a further complication, utility flue gas contains significant 
levels of SO* (100 ppm or more). SO? is also an acid gas but is a reductant as well. So the 
impinger solution designed to absorb Cr(VI) also absorbs CO, and SO,. The result of this is 
a lowered pH and a solution which contains an oxidant [Cr(VI)] and a reductant (SO,/HSOq). 
As the pH falls, the redox couple becomes more favorable, and any Cr(VI) present may be 
reduced by SO*/HSOi and not detected as Cr(VI). 

References 
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77 
DETERMINATIONS OF TOXICS ON PARTICLE 
SURFACES 

The Clean Air Act Amendments of 1990 (CAAA) require that emissions of hazardous air 
pollutants (HAPS) from coal-fired power plants be evaluated for potential health risks. The 
189 hazardous substances listed in the CAAA include numerous inorganic and organic 
species that remain volatile under the conditions present in flue gas emission control systems 
at coal-fired power plants. As the flue gas cools downstream of these control devices and is 
released into the atmosphere, it is hypothesized that many of these substances condense on 
the surface of the fme particulate matter not removed by the control device. 

Fine-particulate emissions in the respirable size range of less than 10 microns are of 
particular interest in assessiig health risks. The environmental and toxicological impacts 
resulting from these emissions are typically estimated on a “worst case” basis where the total 
composition of the emitted particles is considered available to biological and ecological 
systems. The condensed metal species found predominantly on the surface of fly ash 
particles are more accessible to the environment than those species trapped in the alumina- 
silica fly ash matrix. More appropriately, the leachability of these toxic substances and their 
availability relative to the total composition should be considered when assessing the health 
risks associated with particulate-borne HAPS. 

Radian Corporation, under contract with the United States Department of Energy (DOE 
Contract No. DE-AC22-92PC90367), is conducting a separate test program to collect and 
analyxe size-fractionated stack gas particulate samples for numerous inorganic HAPS. 
Specific goals of the program include collecting gram quantities of size-fractionated stack gas 
particulate matter (after a wet scrubber) and determining the relationship between particle 
size, bulk composition, and extractable (surface-leachable) composition. 

At Plant Yates, extractable metal concentrations were determined on bulk, rather than size- 
fractionated samples of flue gas particulate matter. But in addition to sampling the gas from 
the JBR-FGD system, samples were also collected from the ESP inlet and outlet. From the 
data collected, the relationship between extractable metal emissions from both wet and dry 
particulate control devices is possible. 

This section compares the analytical results for bulk composition and surface leachability of 
metals in flue gas particulate samples collected from the inlet and outlet of the ESP and from 
the outlet of the JBR-FGD system. Metal concentrations are reported for arsenic, barium, 
beryllium, cadmium, chromium, copper, cobalt, lead, manganese, molybdenum, nickel, 
selenium, and vanadium. 
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Determinations of Toxics on Particle Surfaces 

Sample Collection and Analysis 

The difficulty in characterixing surface species is that there are currently no standard, 
certified methods documented for determining the leachability of metals from the surface of 
micron-sized particles. In a previous study, several leaching agents and analytical techniques 
were applied to standard reference fly ash samples for evaluation; three were selected for use 
on the entrained fly ash samples collected during this project. The techniques selected for 
characterixing surface availability involve acid leaching and digestion of the particulate 
samples followed by inductively coupled plasma-mass spectrometry (ICP-MS) analysis. For 
comparison, the total composition was derived from the metals analysis of the sire-fractionat- 
ed particulate matter at the FSP inlet and outlet, and from the analysis of the stack gas multi- 
metals train filter samples. 

Sample Collection 

Sample collection at the ESP inlet was performed according to EPA Reference Method 17’ 
(in-stack filtration). Quartz-tiber thimble filters were specified to handle the high particulate 
mass loadiig encountered upstream of the FSP and to reduce the background levels of trace 
elements associated with glass-fiber filters. To avoid introducing filter media into the sample 
and providing blank analyses for background corrections, sample material was recovered 
directly from the thimble filters and prepared for analysis. 

EPA Reference Method 5* was used to collect particulate matter from the ESP outlet and 
stack gas streams. Quartz-tiber filters were also specified; however, due to mis-identifica- 
tion, glass-fiber tilters were inadvertently used on all extractable metals test runs at the FSP 
outlet and on Runs 1 and 3 at the stack location. Enough sample mass was collected on the 
ESP outlet filters to permit ash sample separation from the filter media; however, the small 
sample mass collected on the stack gas filters precluded this separation. 

Sample Preparation and Analysis 

Sample material recovered from the filters was split in 0.1 gram portions and prepared by 
the techniques described in Figure 11-l. Stack gas filters were split into three roughly equal 
fractions and weighed to determine each segment’s percentage of the total filter mass. The 
particulate sample mass on each fraction was determined by multiplying this percentage by 
the filter weight gain representing the total sample mass. Uniform distribution of the sample 
mass and the mass of the filter media is assumed. Glass-fiber filter blanks were not prepared 
for analysis; however, a blank quartz-tiber filter was prepared and analyzed to assess the 
background levels of extractable metals specific to the quartz-fiber media. 

An overview of the sample preparation and analysis techniques selected for the size-fraction- 
ated particulate samples is presented in Figure 1 l-l. Analysis of nitric acid digestates was 
used to represent the highest degree of surface availability for metals not bound in the 
alumina-silica fly ash matrix. A simulated gastric fluid and an acetic acid buffer solution 
were selected to extract metals representative of ingestion and ground water leaching 
mechanisms, respectively. ICP-MS was selected as the analytical technique over atomic 
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Composite Sample5 

I Expected ‘Worss-Case” 
AVdObiity ] [WI 

Figure 1 l- 1 
Gas Particulate Sample Preparation and Analysis Plan for Extractable Metals 
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emission and graphite furnace-atomic absorption spectrophotometry since these spectrophoto- 
metric techniques failed to provide the sensitivity required to accurately detect the target 
elements in the low concentration ranges expected. 

Total Composition. Total composition analyses were performed on both the size-fraction- 
ated particulate samples, and on the filtered particulate matter collected with the multi-metals 
sampling tin. Reported sample results were generated by ICP-AFS and GFAA analyses in 
most cases; ICP-MS results were selected where elemental concentrations were below ICP- 
AES and GFAA detection limits. High background corrections, attributed to the inadvertent 
use of glass-fiber filters in some of the multi-metals trains invalidated many trace element 
results. 

Therefore, the total composition of the fly ash collected from the FSP inlet and outlet ducts 
is represented by a composite of the size-fractionated particulate results. This substitution 
provided triplicate values for determining the average bulk composition for all trace ele- 
ments. The resulting averages were biased universally low in these cases, so composition 
data from the multi-metals trains was not used. The exception is at the stack where two of 
the three filters used in the multi-metals train were quartz flber, and no other metals 
composition data were available. The mass collected in each size fraction was determined 
relative to the sum, and then factored into the sum of the trace element concentrations. As a 
confirmation of the validity of this approach, the relative percent difference between the 
calculated values and the results obtained for fly ash collected from quartz-fiber filters was 
less than 30% for all elements except antimony, and selenium. 

Nitric Acid Digestion. The strongest, most aggressive sample leaching technique pcr- 
formed on each particulate sample was a nitric acid digestion using EPA Method 3050. This 
procedure refluxes the sample in concentrated nitric acid and hydrogen peroxide. Metals 
present on the surface of the particle and those that may be loosely bound in the particle’s 
matrix are digested. This technique does not totally digest the alumina-silica ash matrix and 
therefore may not account for some metals detected by total composition techniques. 

All particulate samples were prepared by this method. Samples were digested, filtered 
through a 0.45 micron nitrocellulose membrane filter, and brought to a 100 mL final volume. 
Prior to analysis by ICP-MS, 1:20 dilutions were made to bring the sample into the linear 
range of the mass detector. To assess potential matrix interferences, one of the samples was 
selected as the source for a matrix spike. The sample selected was split to provide a sample 
for spiking, and the remaining sample was identified for duplicate analysis. The spike was 
prepared using a SPEX* multi-element ICP-MS calibration solution. Spike levels in the 
analyzed digestate were 50 ppb for all elements except molybdenum, which was not present 
in the calibration solution. This spiking level was based on previous results obtained from 
this procedure applied to standard reference fly ash samples. 

Simulated Gastric Fluid Leach. Simulated gastric fluid is a solution of 85 mM hydrochlo- 
ric acid, the enzyme pepsin, and sodium chloride. The pH of this solution is approximately 
1.2. The leachability of metals in this matrix has a toxicological implication since some fly 
ash particles trapped in the mucous lining of the upper respiratory tract may be swallowed. 
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The dissolution of fly ash in gastric fluid represents a likely ingestion mechanism for toxic 
metals into the body. 

Particulate samples were placed in a covered beaker with 10 mL of the gastric fluid solution 
and stirred mechanically for a minimum of 18 hours at room temperature. Using the same 
recovery procedure as the nitric acid digestates, the leachate was filtered and brought to a 
100 mL final volume with DI water. Undiluted aliquots were analysed by ICP-MS. In 
addition, a matrix spike was prepared, and the sample selected for spiking was identified for 
duplicate analysis. Gastric fluid matrix spikes were also prepared using the SPEXe ICP-MS 
calibrating solution and were prepared at 69 ppb for each of the target analytes except 
molybdenum. This spiking level was based on previous results obtained from this procedure 
applied to standard reference fly ash samples. 

Because chloride ions pose adverse matrix effects for a number of the target elements 
analyxed by ICP-MS, calibration standards were prepared from the gastric fluid matrix to 
provide calibration curves with the same potential bias present in the samples. Arsenic is 
one of the key elements that is susceptible to mass detection interferences. Argon and 
chlorine, with atomic weights of 39.95 and 35.45, respectively, tend to form the polyatomic 
ArCI+ ion with a mass of 75.4 amu. The high chloride levels in the gastric fluid, coupled 
with argon plasma source, generate a signal from ArCl+ that can overwhelm the arsenic 
signal at 14.9 amu. 

Acetic Acid Leach. The weakest of the three leaching solutions is an acetic acid solution 
prepared according to the EPA’s Toxicity Characteristic Leaching Procedure3 (TCLP). The 
TCLP is the regulatory standard procedure used to determine the hazardous nature of solid 
wastes. The protocol requires leaching of the solid waste in a buffered acetic acid solution 
that is maintained at a pH of 4.93 throughout the test. The metal concentrations determined 
in the acetic acid leachate are compared to regulatory standards to determine whether the 
material is classified as hazardous or nonhazardous. 

The TCLP is designed for leaching sample quantities much larger than 100 mg, and to scale 
down the volumes specified in the method to accommodate the small quantity of particulate 
sample available was impracticable. Alternatively, 100 mg particulate samples were placed 
in a covered beaker with 10 mL of the buffered acetic acid solution @H 4.93) and stirred for 
a minimum of 18 hours at room temperature. During this time, no additional pH adjust- 
ments were made to the acetic acid solution. Sample recovery and spiking were performed 
in the same manner as the gastric fluid leaching. The digestate was ffltered and diluted to a 
100 mL final volume before analysis by ICP-MS, and the same matrix spike and duplicate 
analysis scheme was used. The 69 ppb spiking level was also based on previous results 
obtained from this procedure when applied to standard reference fly ash samples. 
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Data Analysis 

ESP Fly Ash 

The extractability of metals from the surface of fly ash and flue gas particulate matter relates 
to a combination of factors. Metal solubility, particle surface area, surface concentration, or 
other matrix effects can influence the leachability of metals from particles. Increasing 
extractability was generally observed along the flue gas path, and the relationship between 
surface area, particle size, and surface concentration is considered influential. 

For example, the analytical results for the various fly ash samples collected around the ESP 
all indicate differences in metal concentration as a function of particle size. Specifically, that 
enrichment of many trace elements increases as particle size decreases. This is evident from 
the evaluation of size-fractionated particulate samples collected from the ESP inlet and outlet 
flue gas (Section 8.0). An analysis of the fly ash collected from the first and second ESP 
fields also indicates this relationship between increasing trace element concentration and 
decreasing particle size. Trace element enrichment was ,more prominent in particles collected 
from the second (downstream) ESP field where the mean particle diameter was < 10 
microns, compared to 30 microns in the first field. 

Since the samples collected for extraction were filtered, and not size-fractionated, the mean 
particle diameter of the samples is an important consideration. It is reasonable to expect 
higher extractable concentrations at the ESP outlet compared to the inlet, based solely on the 
reduction in the mean particle diameter across the ESP. The increased surface area associat- 
ed with an equivalent sample mass exposes more material to the leaching solutions. Barium 
and vanadium are two elements whose total fly ash concentrations remained relatively 
constant across the BSP. But due to the smaller mean particle diameter of the ESP outlet 
sample, the extractable percentage by nitric acid digestion jumped from 39-59% for barium 
and from 35-61% for vanadium. 

All of the remaining trace elements had higher bulk concentrations in the ESP outlet samples 
when compared to the ESP inlet. In this case, the increase in concentration and surface area 
exposure should produce an increase in the extractable percentage. Except for .antimony, 
manganese, molybdenum, and mercury, this was true for all of the trace elements. Arsenic 
and selenium, when detected, showed little change. Tables 1 l-l and 1 l-2 present the 
extractable metal concentrations of the ESP inlet and outlet fly ash, respectively. The total 
trace element concentration derived from size-fractionated particulate results is also presented 
along with the extractable percentage under each leaching condition. 

Surface availability may be estimated from the extractable percentages between elements in 
samples from the same stream. Elements exhibiting the highest degree of extractability are 
likely to be surface oriented, unbound in the particle matrix, or in a form readily dissolved 
by the leaching agent. However, an analytical bias in the results for any given element may 
also manifest itself as high (or low) extractability. 
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Table 11-l 
Extractable Composition of ESP Inlet Gas Particulate Matter 

TOkl Nitric Acid Diestioo sildated Acetic Acid Laach 
Tlace Cempasitioa (EPA SW 3050) Gastric Fluid Leach CTCLP) 

Elements 
WP) &g/g) (46 Extnwkd) h/g) (% Exbnckd) f&g) (5% Extra&d) 

AlltilllOOy 3.18 2.68 

,4rsmic 44.8 42.6 

Bariom 560 220 

Earyllium 11.2 4.11 

cadmium 3.45 2.22 

chmmium 197 29.0 

Cobnlt 36.5 5.03 

Copper 108 32.1 

Lead 16.4 39.3 

Mallgaoese 236 120 

Molybdenum 28.5 42.9 

Nickel 134 45.1 

Selmium 8.51 C23.3 

Vaoadium 421 146 

84.3 0.709 22.3 0.798 25.1 

95.1 co.678 <l.S 1.02 2.3 

39.2 103 18.4 48.1 ~7.6 

36.7 1.14 10.2 0.322 2.9 

64.5 1.82 52.9 1.65 41.9 

14.7 21.5 14.0 7.31 3.7 

13.8 1.80 4.9 1.48 4.0 

29.8 9.96 9.2 10.9 10.2 

51.4 9.31 12.3 0.205 0.3 

51.1 60.0 25.5 51.4 21.8 

151 29.3 103 1.45 5.1 

33.8 10.3 I.? 8.64 6.5 

<274 CO.884 < 10.4 0.221 2.6 

34.6 co.359 CO.1 1.46 0.3 
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Table 11-2 
Extractable Composition of ESP Outlet Gas Particulate Matter 

Total Nitric Acid Digestion siildakd Acetic Acid 
TrPee Composition (EPA SW 3050) Gastric Fluid Leach LadI c-ram 

Elements 
kk) h/g) (% Exlrackd) f&!/g) (56 Extracted) f&g) (% Extra&d) 

htiOlOIly 6.79 3.21 47.4 0.954 14.1 0.875 12.9 

Ameoic 103 98.4 95.4 CO.660 <0.6 3.38 3.3 

BtiWll 540 318 58.8 125 23.2 44.1 8.2 

BCl-jdliU 13.7 5.43 39.6 2.72 19.8 0.981 7.1 

cadmium 9.23 9.79 106 5.86 63.5 9.57 104 

Chromium 248 64.3 25.9 54.3 21.8 19.5 7.8 

cobalt 44.3 16.9 38.3 5.47 12.3 6.02 13.6 

copper 152 98.5 64.9 33.5 22.1 17.9 11.8 

Lad 141 116 82.3 32.9 23.4 1.50 1.1 

Mmgaoese 497 165 33.1 46.2 9.3 39.3 7.9 

Molybdmllm 69.1 72.2 105 61.4 88.9 4.43 6.4 

Nickel 177 83.8 47.5 38.4 21.7 22.7 12.8 

Selenium 101 C23.3 <23.1 18.1 18.0 4.07 4.0 

Vanadium 448 272 60.7 122 27.3 4.68 1.0 
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Table 11-3 ranks the overall extractability of the target elements from fly ash in order from 
highest to lowest using the percent extractable results from all three leaching techniques. 
Elements with matrix spike recovery results outside the data quality objective range of 75- 
125% are identified, and as stated previously, may bias the relative extractability 
information. 

To assess the accuracy of the extractable concentration data, matrix spikes were performed 
for each leachate matrix as indicators of analytical bias. A complete table of matrix spike 
recoveries for each of the leachate matrices is presented in Table D-2 of Appendix D. Based 
on the poor matrix spike and blank spike recoveries, mercury results were invalidated. QC 
sample results for arsenic in the gastric fluid leachates illustrate the difficulty of arsenic 
analysis by ICP-MS in a high chloride matrix. Molybdenum and antimony were not included 
in the spiking solution. Consequently, no spike recovery information is available for 
qualifying the accuracy of their results. 

In addition to matrix spike recovery results, additional factors influencing the extractability 
data include bias in the bulk composition results. For example, the extractable concentra- 
tions of molybdenum reported for nitric acid and gastric fluid is above 100 percent. This 
element may indeed be 100% extractable from the particle surfaces or there could be an 
analytical bias in the total composition. 

Stack Gas Particulate Matter 

Particulate emissions from the FGD system were also characterized using extractability 
percentages to relate particle size, surface area, and surface concentration of the target 
elements. However, there are additional mechanisms to consider with the potential for 
scrubber mist carryover, (i.e., salts) and the leachability of the gas-borne particulate matter 
through the wet FGD system. With an average FGD slurry pH of 4.5, the JBR provides a 
mechanism for leaching some elements from the incoming fly ash. A shift in mean particle 
dieter is also observed as the larger sized particles are trapped in the scrubber. 

Table 11-4 presents the extractable metal concentrations, the trace element concentration 
derived from multi-metals train results for test Runs 2 and 3 (quartz filters used), and the 
extractable percentage under each leaching condition. Only the results from extractable 
metals test Run 2 were selected for reporting the stack concentrations since glass-fiber filters 
were inadvertently used to collect particulate matter from the stack gas during test Runs 1 
and 3. Dam for the omitted test runs are reported in the Appendix. 

Several metals were detected in the leachates at concentrations higher than the equivalent 
total composition value. Metals extracted by nitric acid digestion at percentages greater than 
120% of the bulk composition include: beryllium, vanadium, lead, copper, arsenic, barium, 
and cadmium. Extractable percentages greater than 120% by gastric fluid leaching are 
reported for lead and beryllium. Clearly a bias exists in the analysis of either the stack gas 
particulate matter collected by the multi-metals train, the single Run 2 sample for extractable 
metals, or both. 
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Table 11-3 
Extractabiity of Elements in Fly Ash’ 

Rxfmctability AVerage Average Mati Spike Recovery 
(Rigbest - Lowest) % Extractable Spike Rawerg Raage 

h401ybdenum’ 76% Not Available’ Not Available’ 

cadmium 73% 96.2% 107% - 88% 

Atuimcm~ 34% Not Available’ Not Available’ 

Arwlicb 33% 80.5% 123% - OWb 

seltium~ 

Lead 

Barium 

MangPneseb 

copper 

Nickel 

Beryllium 

Vanadiumb 

chromium 

30% 

29% 

26% 

25% 

25% 

22% 

19% 

19% 

15% 

117% 

87.7% 

89.7% 

88.8% 

98.8% 

95.3% 

93.1% 

71.096b 

97.6% 

138Ab - 84% 

97% - 83% 

94% - 85% 

108% - 71%b 

105% - 92% 

103% - 81% 

108% - 79% 

109% - O%b 

106% - 88% 

CohnIt 15% 97.7% 100% - 92% 

’ Results consider average extmctability of elements from fly ash samples collected from the flue gas at the inlet 
and outlet of the ESP. 

b Indicates that the spike recovery result obtained is outside the data quality objective range of 75-125 percent. 
The ranking of these elements may be biased by analytical results indicating higher or lower extractable 
percentages. 

’ Antimony and molybdenum were not present in the SPEX* ICP-MS calibration solution used to prepare matrix 
spikes. No spike remmy information is available to determine the relative accuracy of these results. 
Consequently, the extractable percentages for these elements could be affected by analytical bias. 
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Table 11-4 
Extractable Composition of Stack Gas Particulate Matter 

Total Nitric Acid Digestion sbnldak!d Acetic Acid Leach 
TrPee CcNnposition (EPA SW 3050) Gastric Fluid Leach VCLP) 

Elemmk 
Dgk) (rrglg) (46 Extrsckd) olglg) (W Extracted) (&g) (% Extracted) 

Antimony 31.5 5.78 18.4 3.37 10.7 

Arsenic 81.1 164 202 c2.46 C3.0 

BIiliUll 214 354 165 214 100 

BCIJUilDl 2.94 10.2 349 4.20 143 

cadmium 41.4 67.0 162 12.4 29.9 

chromium 329 43.8 13.3 84.7 25.7 

CobnIt 18.1 co.899 <5.0 10.9 60.4 

copper 55.8 124 222 51.3 91.9 

Lad 35.7 90.8 254 65.8 184 

Manganese 488 328 67.2 349 71.5 

Molybdenum 100 51.4 51.4 48.6 48.6 

Nickel 2509 392 15.6 169 6.7 

Selenium 899 < 86.9 C9.7 140 15.6 

Vanadium 122 385 315 < 1.30 Cl.1 

<0.034 <O.l 

<0.497 <0.6 

17.2 8.0 

2.91 98.9 

5.92 14.3 

36.4 11.1 

7.47 41.3 

63.8 114 

20.0 56.1 

470 96.3 

3.45 3.5 

66.2 2.6 

61.2 6.8 

<0.185 CO.2 
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Results for matrix spikes performed on the extractable metals sample collected at the ESP 
inlet and the multi-metals train samples are presented in Table D-2 of Appendix D. Since no 
QC activities were petfotmed specific to the extractable metals Run 2 sample, data quality 
can only be estimated from relevant matrix and analytical spike data. In addition, the 
selection of only one sample result for comparison provides a high degree of uncertainty with 
these results. 

Elements that were found in the stack gas particulate matter at concentrations greater than the 
ESP outlet (FGD inlet) gas are: antimony, cadmium, chromium, molybdenum, nickel, and 
selenium. Lower concentrations are noted for arsenic, barium, beryllium, cobalt, copper, 
lead, and vanadium. The concentration of manganese remained relatively constant across the 
FGD system. 

The reduction in elemental concentrations, in spite. of the reduction in mean particle 
diameter, across the JRR suggests that some elements may be leached from the fly ash by the 
FGD slurry. Some dilution of the fly ash by FGD solids low in certain trace elements may 
also be occurring; however, a comparison between calcium concentrations in the gas 
particulate-phase samples across the JBR system revealed only a slight, and statistically 
insignificant, increase in calcium concentration. 

A comparison of trace metal concentrations between limestone slurry and JRR slurry filtrates 
suggests that the slurry is leaching trace elements from the fly ash. Enrichment is observed 
(in order of highest to lowest enrichment) for cadmium, lead, manganese, copper, selenium, 
cobalt, arsenic, nickel, vanadium, beryllium, and chromium at concentration factors much 
greater than the 6 cycles of concentration observed for soluble silica. In addition to these 
elements enriched in the aqueous phase, molybdenum, selenium, vanadium, and arsenic are 
enriched in the JBR slurry’s solid phase. 

This concentration mechanism plays an important part in the study of extractable metals in 
gas particulate matter downstream of wet scrubbing systems. As a result, particle surface 
characterizations based on extractability data may not be feasible without a more thorough 
understanding of the enrichment and carryover mechanisms taking place in the scrubber 
system. 
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APPENDIX A: QUALITY ASSURANCE AUDITS 

The purpose of a quality assurance audit is to provide an objective, independent assessment 
of a sampling or measurement effort. It ensures that the sampling procedures, data generat- 
ing, data gathering, and measurement activities produce reliable and useful results. Some- 
times inadequacies are identified in the sampling/measurement system and/or the quality 
control program. In such cases, audits provide the mechanism for implementing corrective 
action. 

A technical systems audit (TSA) is an on-site, qualitative review of the various aspects of a 
total sampling and/or analytical system. It is an assessment of overall effectiveness and 
represents an objective evaluation of a set of interactive systems with respect to strengths, 
deficiencies, and potential areas of concern. The audit consists of observations and docu- 
mentation of all aspects of the measurement effort. 

A performance audit is an independent check to evaluate the data produced by a measurement 
system. Audit standards and test equipment which are traceable to acceptable reference 
standards are used to assess the performance of each analytical method and/or measurement 
device (performance audit). Performance audits are designed to provide a quantitative, point- 
in-time evaluation of the data quality of the sampling and analytical systems being tested. 
This is accomplished by addressing specific parts of the overall system. Each performance 
audit addresses two general measurement categories of a project: 

l Chemical analysis of samples; and 

l Physical measurements supporting the sampling effort 

Audit activities consist of challenging the various measurement systems with standards and 
test equipment traceable to accepted reference standards. Laboratories conducting the 
analytical work on a program are given performance audit samples prepared by spiking 
representative sample matrices with target analytes at representative concentration levels. 
Results for these audit samples are tabulated and considered in evaluating the analytical 
performance and data reporting protocols for each laboratory. 

For this program, technical system audits and performance audits were conducted of each of 
the DOE contractors by Research Triangle Institute (RTI) under contract to EPA. For the 
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audits of the Radian activities, reports were prepared and subsequently distributed to Radian 
through DOE detailing the results of the audits. Copies of the RTI audit reports are 
presented as attachments to this appendix. The following subsections present the Radian 
response to RTI’s findings. 

Technical Systems Audit Results 

A technical systems audit was conducted of the sampliig and on-site analytical activities for 
this program on June 23-25, 1993. This audit was conducted by J.B. Flanagan and C.O. 
Whitaker of RTI. Four findings were discussed in the RTI audit report. Each of these 
findings and RTI recommendations are discussed in the following paragraphs. 

Finding 1 

Basis due to long sampling lines from the calibranon tanks to the probes and nonlineatity of 
the continuous monitor (CEMJ system may go undetected due to infrequent multi-poim 
calibrations. The CEM system at Plant Yates was not a designated part of the Radii effort 
for the DOE program and was not a negotiated activity between DOE and Georgia Power. 
Therefore, Radian has no control over and may not initiate any corrective actions related to, 
the operation of the CEM at Plant Yates. 

Finding 2 

Akiehyde measurements were performed in accordance with the method: however, acetone (a 
possible contaminant) was present in the mobile laboratory as a wash bottle under the hood. 
One or more of the field blanks for the aldehyde sampling trains showed varying concentra- 
tions of acetaldehyde and formaldehyde. However, these analytes were not found in the 
reagent blanks stored in the mobile laboratory. It is not possible with the data available to 
rule out possible contamination due to the wash bottle of acetone. The concentrations found 
in the blanks should be considered in the use of the sample data. This precaution was noted 
in the project QAlQC summary (see Appendix D). 

Finding 3 

All plant and sampling times are recorded in Central Daylight Savings Time instead of 
Eastern Daylight Savings Time. Radian has worked on several other Georgia Power projects 
and is familiar with their timekeeping procedures. In addition, since the field crew was from 
one of Radian’s offices located in the Central Time Zone, the use of CDT was probably less 
confusing than working on EDT. 

Finding 4 

Sampling data are hand-entered from field sheets into a portable computer each day, making 
occasional typographical errors virtually unavoidable. The normal Radian practice is to 
compare the computer output with the original data sheets to ensure that the information has 
been input correctly. This is generally done once the field crew has returned to the office 
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and the summary report of field activities is prepared. In addition, the Radian QA coordina- 
tor or his/her designee checks a percentage of the data sheets, logbooks, and calculations. 

In addition to the technical systems audit, a number of performance evaluation audits were 
performed during the on-site effort. The greater part of the performance audit was directed 
toward the off-site analyses and a lesser part to the on-site activities. The results of the off- 
site performance audit samples are discussed in the next section. The results of the on-site 
performance audit are discussed in the following paragraphs. 

Orsat Determinations 

A duplicate analysis of oxygen was performed using a test gas supplied by RTI. The results 
of the analysis of test gas BLMO02689 was 9.0% oxygen which calculates out to a 97.8% 
recovery as compared to the theoretical concentration of 9.2 percent. 

Source Sampling Consoles 

An audit of the dry gas meters in four source sampling consoles was performed by RTI using 
a standard orifice. Audit results calculated as relative percent difference between the dry gas 
volume measurement and the calculated volume based on the RTI orifice were within the 
_+lO% acceptance criteria for three of the four meters tested. The result for the fourth meter 
(-11.7%) was just slightly below the criteria. The auditor noted that the audit data set for 
this meter did not include a meter run stop time. It is not known if a more exact run time 
would have resulted in this measurement being within the criteria. 

Continuous Emissions Monitors 

Audit of the continuous emissions monitors was not an negotiated activity behveen Georgia 
Power and DOE for this program. Therefore, Plant Yates would not permit RTI to audit the 
CEM. Any change in the frequency of the calibration approach would have to be decided 
between DOE and Georgia Power (The yearly calibration is actually a yearly certification or 
performance audit). 

In the RTI audit report five recommendations are discussed. Since the majority of these 
recommendations were not discussed at the audit wrapup meeting conducted at Plant Yates, 
limited corrective action was initiated. A summary of the RTI recommendations and the 
Radian corrective actions are discussed in the following paragraphs: 

Recommendation 1 

Due to the unusually large dl@erences seen between the RTI standard orifice and the 
sampling consoles used for source testing, it is recommended thaf the average of the pre- and 
post- test calibrations be used in the emission estimates. Only one of the consoles audited by 
RTI was outside the acceptance criteria given. The theoretical value for this audit run is not 
certain because the meter run stop time was not recorded. Therefore, it is not known if the 
result for this console was actually outside the acceptance criteria. A QA check of the post- 
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test calibration for the consoles used on the project showed that the difference between the 
pre-test and post-test calibrations was less than 5% as required by the method (RPD-1.38% 
k1.08, Range O.l%-3.47% per Radian QA coordinator). 

Recommendation 2 

Mass flow rates for solids such as bonom ash and ESP ash are calculated based on coal feed 
rates and percentage ash in the coal obtained by proximate/ultimate analysis. One or more 
independent, direct methods of measuring or estimatmg the amount of ash produced should 
be attempted. The ESP collected ash flow rate was determined using the measured particu- 
late loadings at the ESP inlet and outlet and the measured gas flow rate, not the coal feed 
rate and coal ash concentration. The bottom ash was calculated using the ESP inlet particu- 
late loadings and coal feed rate and ash concentration. Radian considered obtaining represen- 
tative bottom ash and ESP collected ash flow rates using the method described by RTI. 
However, the level of effort required, particularly for the ESP collected ash flow rate would 
have required additional sampling personnel and, given the physical design of the ash sluice 
system, additional information gained in this manner would also have a very large degree of 
uncertainty as to its accuracy. 

Recommendation 3 

Because RTI auditors were not allowed to take any completed data sheets off-site, a data 
audit should be conducted in which raw data sheets, computer-logged akata, logbooks, 
validation procedures, and calculations are examined. Data quality audits of the raw data, 
logbooks, calculations, and computetized data are checked and counter checked by various 
project personnel (including the Radian QA coordinator) throughout the progress of the 
project. The overall project is then peer- reviewed by senior engineers and scientists at least 
twice prior to the final reporting process. 

Recommendation 4 

CEMs at Plant Yates are not scheduled for multi-point calibration until the fall of 1993 which 
will result in a one-year interval since the last multi-point calibradon. The interval between 
multi-point calibran’ons of the CEM should be changed from yearly to every sir months. 
This recommendation is outside of the scope of the present project and is out of the control 
of Radian. 

Recommendation 5 

The major elements for mass balance determinadons should be discussed and finalized 
between DOE and Radian. Elements for the mass balance determinations were finalized 
between DOE and Radian and are presented in Section 6 of this Document. 
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Performance Audit Results 

At the time of the technical systems audit conducted by RTI in June 1993, a series of 
performance audit samples were prepared and presented to the Radian sampling team to be 
submitted to the various analytical laboratories along with the investigative samples. The 
audit samples were prepared by spiking the impinger solutions or other analytical matrices 
provided to the auditors by Radian. 

VOST 

Two sets of Tenax cartridges were spiked with 18 compounds. These were analyzed for 16 
of the 18 compounds by Radian’s subcontractor, Air Toxics, Limited. In the RTI audit 
report, the results for these analyses were compared to the wrong set of recovery objectives. 
Tables A-l and A-2 show the results and the recovery objectives for volatile orgsnics as 
presented in Table 9-4 (page C9-9) of the project QAPP.. The QC objectives were met for 
10 of the 16 analytes in sample Y194 and 9 of the 16 analytes in sample Y195. Of the 
analytes with recoveries outside the QC objectives, toluene, methylene chloride, 1 ,1 , l- 
trichloroethane, trichlorofluoromethane, benzene, chloroform, and carbon tetrachloride were 
recovered high in one or more of the samples and chlorobenzene was recovered low in one 
sample. A portion of the methylene chloride recovery may be due to contamination, since 
this analyte was found in varying concentrations in most of the field and laboratory blanks 
analyzed with the samples. The high toluene recoveries were also attributed to contamination 
in the RTI audit report. In this case, the contamination appears to be in the audit cylinder, 
since this analyte was not found in any of the field or laboratory blanks and the concentration 
in Y 195 is approximately twice the concentration in Y 194. This concentration ratio matches 
the relationship for the RTI theoretical concentrations for other analytes in the two samples. 

Semivolatile Organics 

Two XAD-2 modules, a train rinse, and a probe rinse were spiked with 16 analytes. Each 
module was combined with a rinse and reported as a combined sample. The analytical 
results for the 16 spiked compounds were within the project objectives for sample Y 173-177 
and 14 of the 16 spiked compounds were within the QC objectives in sample Y 178-182. 
Anthracene, indeno(l,2,3-@pyre, dibenzo(a,h)anthracene, and benzo(g,h,i)perylene 
results were outside the QC objectives. These compounds were spiked at or near the 
approved detection limits stated in the project QAPP. 

Aldehydes 

Two DNPH impinger solutions were spiked with formaldehyde. The recovery for this 
analyte showed recoveries above the stated project QC objectives. RTI attributed these 
apparent enhanced recoveries to possible contamination. Formaldehyde was found in several 
of the field blanks and at the detection limit in one laboratory blank but was not found in the 
reagent blanks. Laboratory control samples and matrix spiked samples showed good 
recoveries for both formaldehyde and acetaldehyde. 
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Table A-l 
Analysis of Vost Sample ID Y194 by Aii Toxics Liited 

Adgte 

Detection Theoretical Analrzea QC QC 
Liiit concmtrstion Concmtrstion 76 Objettives Objectives 
(ng) bd w RecOVWJ % Rec. Met? 

Be-De 10 63.73 14 

ChlO~Ob.XVZZl~ 10 177.43 53 

Ethylbenzene 10 153.86 120 

T0lWtle 10 151.68 2300 

o-Xylene 10 159.30 71 

Bromomethane 10 125.33 130 

1,3-Butadiene NA 25.94 NA 

chloroform 10 87.60 110 

Carbon tetracbhide 10 123.28 140 

1,2-Dichloroetbane 10 74.04 53 

1,2-Dibromcethzme NA 300.37 NA 

1,2-Dichloropmpane 10 192.00 160 

Methylerie chloride 10 112.98 5700 

Tetrachlomethylene 10 141.40 120 

Trichlomethylene 10 103.69 120 

1.1.1 -Tricblomethane 10 148.77 230 

Ttichlorofluorom~e 10 217.11 470 

Vinyl chloride 10 40.10 48 

116 37-151 

30 37-160 

78 37-162 

1520 47-150 

45 NS 

104 D-242 

Y- 

low 

Ye 

high 

NA 

Y” 

NA 

126 51-138 

114 70-140 

72 49-155 

Y- 

Yes 

Y- 

NA 

83 D-210 Yes 

5040 D-221 high 

85 46-157 Y- 

116 71-157 Yes 

155 52-150 high 

216 17-181 high 

120 D-251 Y- 
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Appendix A: Ouality Assurance Audits 

Table A-2 
Analysis of Vost Sample ID Y195 by Air Toxics Liited 

Adgte 

DetectiOn Theoretical Adp3l QC QC 
Liiit Concentrstion concontrstion 5% Objectives Objectives 
@xi!) w w R=very W Rec. Met? 

BeIUelX IO 125.29 190 

chlombetumle 10 348.80 170 

Ethylbenzene 10 302.47 420 

Tolueue IO 298.18 4w 

o-Xylene 10 313.17 290 

BFXll0methane IO 246.38 180 

1,3-Butadiene NA 51.00 NA 

cblorofotm 10 172.22 250 

Carbon tetrachloride 10 242.36 360 

1 ,ZDicblomethane 10 145.55 150 

1,2-Dibromoethme NA 590.50 NA 

l,2-Dicbloropropane IO 377.45 410 

Methyleae chloride IO 222.1 I 5800 

Tetmchlorcethylene IO 277.98 350 

TrichlomIhylene 10 203.84 320 

1.1, I-Trichloroe.thane IO 292.47 550 

Tl-khl0tofllJ0Xl~e IO 426.22 660 

Vinyl chloride IO 78.83 98 

NA = Not analyzed. 

NS = Not specified. 

152 37-151 

49 37-160 

139 37-162 

1340 47-150 

93 NS 

73 D-242 

145 51-138 

148 70-140 

103 49-155 

109 D-210 

2610 D-221 

126 46-157 

157 71-157 

188 52-150 

155 17-181 

124 D-2.51 

high 

Yes 

Y- 

high 

Yes 

NA 

high 

high 

Yes 

NA 

Y” 

high 

Y=S 

Yes 

high 

Y” 

Ye 
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Appendix k Oualily Assurance Audits 

RTI analyzed the spike solution (about two months later) and found reduced recoveries 
based on the nominal concentration. It appears that the true concentration of the spike 
solution is not known. Formaldehyde standards prepared from the commercially 
available 37% solutions may vary since these reagents may vary in actual concentration 
from 3641 percent. Standards prepared as nominal concentrations can be analyzed by a 
titration procedure to obtain a known concentration for a standard. It is not known if 
this procedure was used by RTI to assign a theoretical concentration for the spike 
solution. 

Metals 

Performance audit samples were prepared by RTI for the filter, the nitric acid-peroxide 
impingers, and the permanganate impingers of the multi-metals sampling train. Arsenic, 
cadmium, lead, and selenium were recovered within the QC objectives in the nitric 
acid/peroxide impinger solutions. However, mercury showed a slightly high recovery in 
this solution. Metal recoveries for the two spikes onto blank filters showed good 
recoveries except for one arsenic spike with a high recovery and one cadmium selenium, 
and mercury spike with slightly low recoveries on the other filter. Mercury spiked into 
the two permanganate impinger solutions showed low recoveries (21-40%). The 
performance audit sample prepared by the Radian QA Coordinator also showed low 
recovery (33%) for the permanganate solution sample. 
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Department of Energy 
Pittsburgh Energy Technology Center 

P.O. Box 10940 
Pittsburgh, Pennsylvania 15236-0940 

November 10, 1993 

Barbara J. Hayes 
Radian Corporation 
8501 Mo-Pat Blvd. 
P.O. Box 201088 
Austin, TX 78720-1088 

Dear Barbara: 

Enclosed are clean copies of the Field Sampling Report and the PE 
Sample Analysis information prepared by Research Triangle 
Institute. Please include these documents in the External Audit 
Section of the Draft Final Report to be submitted to the DOE on 
December 10, 1993. In addition, provide a response to RTI's 
finding in the Draft Final Report. 

If you have any questions, please call me at (412) 892-4691. 

Project Manager 
Environmental Control Division 

Enclosures 

CC: Hollis Flora, Radian 
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RESEARCH TRIANGLE INSTITUTE /RT3 
Center for Environmental Measurements and Quality Assurance 

octobcr 4,1993 

Mr. Tom Brown 
PETC, U.S. Department of Energy 
P.O. Box 10940, MS. 922-206 
Pittsburgh, PA 15236 

Subject: Radian PE sample analysis during the Yates Plant Audit 

Dear Tom: 

Enclosed are the analysis results for 10 sets of performance ovaluarion (PE) samples 
given to Radian Corporation during the audit of the Yates plant Of particular concern am the 
mercury and the formaldehyde analyses. 

After encountering a serious problem with the aldehydc analysis, we mcalculatcd the 
PE sample concentrations and analyzed the samples in our laboratory. In the analytical 
procedure. there arc still some undctcrmined factors such as the percent conversion of 
aldehydc into the DNPHderivativcs. Even though the molar ratios of DNPH to aldehydc 
were sufficiently high to drive the conversion reaction to completion, the aldehydc analysis 
results am lower than expcctcd. The further laboratory work may resolve this issue. 

Volatiles 
RTI @hai two sets of Tenax cartridges in a VOST train with 18 compounds. The 

camidges were analyzcd by Radian’s subconttactor, Air Toxics, Limited. The laboratory 
analymd for 16 of the 18 compounds spiked into the cartridges. Of the compounds 
quantitatcd, 10 of 16 were rccovcmd within the data quality objectives (DQOs) set by FLadian 
for sample Y 194, and 9 of 16 were rccovcrcd within the DQOs for sample Y 195. Of the 
compounds particularly relevant to this project fhenzcnc, toluene, cthylbenzcne, and oxylenc), 
rccovcrics were mixai, Benzene was recovered well within range on sample Y194, but 
slightly out of range on sample Y195. Toluene was recovered completely out of range on 
both samples due to apparent contamination. Ethylbenzene was mcovercd within range on 
both samples. O-xylene was recovered out of range on sample Y194, but within range on 
sample Y 195. 

Semivolatiles 
RTI spiked two XAD-2 modules, a train rinse, and a probe rinse with 16 PAHs in 

solution. Each module was combined with a rinse and reported by Radian as a combined 

Post Office Box 12194 Research Triangle Park, North Carolina 27709-2194 Telephone: 919 541-6914 Fax: 919 541-5929 A-11 



Radian PE Samples 
Yates Plant Audit 
Pagc2of9 
Octohcr 4.1993 

sample. Radian pcrfotmed satisfactorily on 28 of the 32 analyses. One untkkctd andytc 
was spiked at below the mportcd detection limit. This occumd because the dctkxtion limits 
reported were much higher than the 1 r&n’ rcquid by DOE for the project. 

Metals on Filters 
Scvcral metals wen spiked onto two filters of the M-29 trains to simulate metals in 

the particulate catch. Radian nxovcrcd 6 of the 10 metals concentrations within the limits of 
their DQOS. 

Metals in Imuinecr Solutions fHNOJH,O,~ 
scvual mctsls wm spiked into the 6rst impinger of the metals train. Radian 

recovered eight of the nine metals within the limits of their DQOs. 

Metals in Imuinecr Solutions CKMnOa 
Mucury was spiked into two acidic KMnO, solutions. Neither was rccovcred in the 

range of their DQOS (75 to 125%). 

Pormldehvde in Inmimer Solutions (DNPI-I) 
RlI spiked two DNPH impinger solutions with a solution containing a nominal 

conceneation of 0.4068 pg/pl. Radian’s recoveries calculated based on this concentration arc 
higher indicating possible contamination. RTI has analyzed the spiking solution and our 
recovery based on the nominal value is 67.6% (average concentration of 0.275 pg/pl). RTI is 
continuing v&cation analyses on the spiking solution. 

If I can be of further assistance, please caU me at 541-5919. 

Shri Kulkmi, Ph.D. 
Manager, Quality Assurance and 
Technology Assessment Department 

CC: S.J. Wasson 
J. McSorley 

Pik: 5960-19314805 
91A-04 
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Radian PE Samples 
Yates Plant Audit 
Page 3 of 9 
September 30, 1993 

METALS IN IMPINGER SOLUTIONS (HNO,&I,OJ 

SAMPLE ID: Y276 

hImAL 

As 

Cd 

Pb 

Se 

J-u 

RTI RADIAN 
AMOUNT AMOUNT PERCRNT RRCOVRRY DQO 

(I&!~ orll) RRcovRRY WOW) MEI- 

50 52.10 104.2 75-125 Yes 

30 37.m 123.3 75-125 Yes 

20 19.79 98.9 75-m Yes 

40 41.60 104.0 75-125 Yes 

10 12.68 126.8 75-m No 

METALS IN IMPINGER SOLUTIONS (HNO,/&O~ 

SAMPLE ID: Y279 

METAL 

As 

RTI RADIAN 
AMOUNT AMOUNT PERCENT RECOVERY’ DQO 

(I@ (K38) RRcovRRY DQO(%) MEI- 

15 15.03 loo.2 75-125 YeS 

Cd 60 68.26 113.8 75-125 Yes 

Pb 
Se 

40 
80 

42.34 lOS.9 75-125 Yes 

90.72 1 113.4 72-125 Yes 

These values are taken from Radian’s QA plan @age C9-7). 
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Radian PE Samples 
Yates Plant Audit 
Page 4 of 9 
September 30, 1993 

METALS ON FILmR!3 

SAMPLE ID: Y278, filter 966 

METAL 

As 

RTI RADIAN 
AMOUNT AMOUNT PRRCRNT RECOVERY’ DQO 

(P&T) (NO RECOVERY NO(%) Mm 

40 84.4 211.0 75-125 No 

Cd 

Pb 

Se 

10 

15 

25 

9.59 

153 

22.3 

95.9 

102.0 

89.2 

75-125 

75-125 

75-125 

YeS 

Yes 

YeS 

11 Hg / 10 1 10 1 lGfJ.o 75-m I yes II 

METALS ON FILTERS 

SAMPLE ID: Y281, filter 974 

METAL 

As 

RTI RADIAN 
AMOUNT AMOUNT PERCENT RECOVERY’ DQO 

(w) (I%) RECOVERY DQO (46) MET 

25 27.9 111.6 75-m Yes 

Cd 15 10.6 70.7 75-125 No 

Pb 25 253 101.2 75-125 Yes 

SO 35 23.4 66.9 75-m No 

HK 20 14.6 73.0 75-125 No 

These values are taken from Radian’s QA plan (page C9-7). 
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Radian PE Samples 
Yates Plant Audit 
Page 5 of 9 
September 30, 1993 

MERCURY IN IMPINGER SOLUTIONS (KMnO4) 

SAMPLE ID 

Y277’ 

R-II RADIAN 
AMOUNT AMOUNT PRRCRNT RECOVERY’ DQO 

w hi9 RECOVERY WO(%) MEI 

20 4.18 20.9 75-125 No 

Y2W 50 19.75 39.5 75-125 No 

FORMALDEHYDE IN WINCER SOLUTIONS (DNPH) 

SAMPLE ID 

Y187 

Yl88 

RTI RADIAN 
AMOUNT AMOUNT PERCENT RECOVRRF DQO 

w bi3) RECOVERY DQO (46) Mm 

24.4 76 311 50-150 No 

34.2 90 263 50-150 No 

1 Also spiked with 30 pg Pb. 
1 Also spiked with 20 p* As. 
3 These valw were taken from Radian’s QA plan @age C9-7). 
4 These values were taken from Radian’s QA plin (page C9-8). 
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Radian PE Samples 
Yates Plant Audit 
Page 6 of 9 
September 30, 1993 

SVOC RECOVERIES FROM XAD-2 MODULES 

SAMPLE ID: Y178-182 (Combined) 

Other Compounds Reported 

Acetophenow 0 0.694 -_ __ __ 

Benzoic Acid 0 14.2 __ __ -- 

Diethylphthalate 0 0.689 __ __ 

2 

3 

A-16 

Recovery DQOs (%) were taken from Radian’s QA plan (Page C9-10). 
ND = not detected. 
Thii compound was spilled at a concentration below the reported detection limit of 1.33 pg. 



Radian PE Samples 
Yates Plant Audit 
Page 7 of 9 
September 30.1993 

SVOC RECOVERIES FROM XAD-2 MODULES 

SAMPLE ID: Y173-177 (Combined) 

ANN.YTE 

Naphthalcnc 

RTl RADIAN 
VALUE VALUE PERCENT RECOVERY’ DQO 

h3) w RECOVERY DQO (5%) MET 

35.0 30.1 86.0 21-133 YlX 

AceMph*yl-= 70.0 62.8 89.7 33-145 YeS 

Acenaphthene 35.0 28.7 82.0 47-145 YeS 

Rwrene 

Phcnanthrene 

7.0 

3.5 

4.53 

2.54 

64.7 

72.6 

59-121 

54-120 

Yes 

Yes 

Anduacene 

Flumanthene 

3.5 

7.0 

2.5 

4.42 

71.4 

63.1 

27-133 

26-137 

Yes 

Yes 

I 3.5 I 2.13 60.8 52-115 ] Yes 11 

Chrysene 

BenzoWaethwene 

3.5 

3.5 

1.52 

1.65 

43A 

47.1 

17-168 

33-143 

Yes 

Yes 

BenzoC.b)fl-thene 

BenzHk)fluoranthene 

7.0 

3.5 

2.82 

1.62 

40.3 

46.3 

24-159 

11-162 

Yes 

Yes 

II Benzo(a)pymne I I 3.5 133 I 38.0 ( 17-163 I y= II 
Indeno(l.23-cd)pm~ 

Dibenz(a.h)anthrzene 

3.5 

7.0 

1.33 

2.14 

38.0 

30.6 

D-171 

D-227 

Yes 

Yes 

II Benzo(g.h&erylene I I 7.0 2.19 / 31.3 I D-219 I Yes II 

/I Other Materials Recovered II 

Benzoic Acid 0 60.3 -- -- -- 

Recovery DQOs (%) were taken from Radian’s QA plan (page C9-10). 
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Radian PE Samples 
Yates Plant Audit 
Page 8 of 9 
September 30,1993 

VOLATILE ORGANICS ON TENAX (VOST) 

SAMPLE ID: Y194 

COMPOUNDS 

Vinyl Chloride 

Chloroform 

Carbon Tekachloride 

Methvlene Chlaide 

RTI RADIAN 
AMOUNT AMOUNT PRRCRNT RECOVERY’ DQO 

OWP) 0 RECOVERY WOW) Mm 

40.10 48 119.7 50.150 Yes 

87.60 110 125.6 50-150 yes 

123.2X 140 113.6 50-150 Y= 

112.98 5700 5045.1 50-150 no 

II 12 Dichlomethane I 74.04 I 53 I 71.5 I 50-150 I ves II 

// Trichlorethvlene I 103.69 I 120 I 115.7 I 50-150 I ves II 

I/ Benzene I 63.73 I 74 1 116.1 / 50-150 I ves II 
II Tehachlome&vlene I 141.40 I 120 I 84.9 I 50-150 I ves II 
I/ 13-Butad&& I 25.94 I - 1 - 1 50-150 I -- II 
II Bmmomethane I 12533 I 130 I 103.7 I 50-150 I Yes II 

II Trichlomfluomme&oe I 217.11 I 470 I 216.5 / 50-150 I no II 

II l.l,l-Trichlomethane I 148.77 I 230 I 154.6 I 50-150 I no II 

II 1,2-Dichlompmpene I 192.00 I 160 I 83.3 I 50-150 I yes II 

II 1.2~Dibmmoethane2 I 300.37 I -- I -- / 50-150 I -- 11 

II Toluene I 151.68 I 2300 I 1516.4 1 50-150 I no II 

II Chlomhemene I 177.43 I 53 I 29.9 1 50-150 I no II 

II Ethylbenzene I 153.86 1 120 I 78.0 1 50-N I yes II 

II OrthcbXylene I 159.30 I 71 I 44.6 ( 50-150 I no II 

Other Compounds Reported 

Acetone 0 120 __ _- 

I Recovery DQOs (%) were taken from Radian’s QA plan (page C9-10). 
I Thk compound was not identitied or aoalyzed by Radian’s subcormactor, Air Toxics Limited. 
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Radian PE Samples 
Yates Plant Audit 
Page 9 of 9 
September 30, 1993 

VOLATILE ORCANICS ON TENAX (VOST) 

SAMPLE ID: Y195 

coMF+ouNDs 
RTI RADIAN 

AMOUNT AMOUNT PRRCENT RECOVERY’ DQO 

Vinyl chlmide 

chloroform 

Cabon Tehachlorlde 

Methylene Chloride 

12 Dichlomethane 

h3) w RECOVERY DQO(%) Mti 

78.83 98 124.3 50-150 YU 

17222 250 145.2 50-150 Y= 

24236 360 1485 50-150 yes 

222.11 5800 2611.3 50-150 “0 

145.55 150 103.1 I 50-150 ves 

II Trichlotethvlene I 203.84 1 320 I 157.0 in 50-150 I~~~- -I no 

II Be- I 12529 I 190 1 151.6 1 50-150 I “0 II 
II T~hlomexhylene I 277.98 / 350 I 125.9 1 50-150 ves !I 

II 13-Butadiene’ I 51.00 I -- I -- I 50-150 I -- II 

II Bmmomethane I 246.38 1 180 I 73.1 ; 50-150 yes !I 

II TrichlomflwomeJhane / 426.82 1 660 1 154.6 / 50-150 I no !I 

II l.l.l-Trichlomethane 1 292.47 I 550 1 188.1 ! 50-150 I “0 II 
/I 1.2-Dichloropmpane. I 377.45 I 410 / 108.6 i 50-150 I Yes !I 

1%Dibmmoet.hane2 

Toluene 

chlombensme 

Ethylbenzne 

Orth*Xylae 

Other Compoumis Reported 

590.50 

298.18 

348.80 

302.47 

313.17 

- 

4ooo 

170 

420 

290 

c 50150 -- / 

1341.5 50-150 no 

48.7 ( 50-150 “0 

138.9 50-150 yes 

92.6 1 50-150 YU 

Acetone 0 160 __ __ 

I Recovery DQOs (%) were taken from Radian’s QA plan (page C9-10). 
I This compound was not identitied or analyzed by Radian’s subcontractor. Air Toxics Limited. 
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RESEARCH TRIANGLE INSTITUTE 
RTI/5960/193 - &ID August 6, 1993 

QA/QC AUDITS ON DOE UTILlTY BOILER TEST PROGRAM 

FIELD SAMPLING AUDIT REPORT 

Site: Yates Station Unit 1, Newnan. GA 

DOE Contractors Radian Corporation 

DOE Project Offax Janice Murphy 

Perfolmed for 

Joseph A. McSorley 
EPA Work Assignment Manager 

Office of Air Quality Planning and Standards 
U.S. Environmental Protection Agency 

Research Triangle Park, NC 277 11 

Research Triangle Institute 
P.O. Box 12194 

Research Triangle Park, NC 27709 

RTI Work Assignment Leader: Shirley J. Wasson 

Under EPA Contract No. 68D10009 
Work Assignment No. I-193 
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Field Audit of: 

Yates Station Unit 1 
Georgia Power Company 
Newnan, Georgia 

Contractor: Radian Corporation 
Dates: June 23-25, 1993 
RTI Personnel: J. B. Flanagan and C. 0. Whitaker 

The Yates Station Unit 1 is a bituminous coal-fired steam-elecaicity-generating unit 
with a net generating capacity of 105 megawatts. The station is located near Newnan, 
Georgia, and is owned and operated by Georgia Power Company. Unit 1 has a tangentially 
fved boiler manufactured by Combustion Engineefing in 1949. During this test, the unit was 
fueled with 2.5% sulfur blend of Illinois No. 5 and Illinois No. 6 bituminous coals. ‘IIe feed 
coal is a 50:50 blend mined from the “Arch Captain” and “Old Ben Franklin” mines. 

The plant uses electrostatic precipitators for particulate control. Unit 1 currently 
controls sulfur dioxide (SOz) using a Jet Bubbling Reactor (JBR) supplied under the CT-121 
demonstration project. Sampling for the hazardous air pollutants (HAP) study is being carried 
out by Radian Corporation, which also operates the CT-121 demonstration project in 
cooperation with Georgia Power and DOE. The JBR process combines conventional 
limestone flue gas desulfuriration (FGD) chemistry, forced oxidation, and gypsum 
crystallization in one reaction vessel. It is designed to operate in a medium-acid solution, 
where limestone is completely soluble and where the sulfite resulting from SO, absorption 
can be oxidized completely fo sulfate. Atnition of gypsum crystals and problems of poor 
sludge quality and chemical scaling are also eliminated due to improvements of the second 
generation FGD process. The process is not specifically designed to destroy pollutants such 
as NO, or organics. 

Findines 

1. Basis due to long sampling lines from the calibration tanks to the probes FindinE: 
and nonlinearity of the continuous emission monitor (CEM) system may go 
undetected due to infrequent multipoint calibrations. Line losses and multipoint 
calibrations are not normally measured and multipoint calibrations are not performed 
during the demonstration program; the next scheduled full calibration is scheduled for 
rhe changeover to Phase II of the demonsaation program some time this fall. Daily 
zero-span checks are conducted for all CEMs. 
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Effect on Dana: If there is loss of calibration gas in the 300 to 600 feet of tubing 
running from the cylinders to the probes, the span result will be biased. Sulfur 
dioxide is particularly sensitive to decomposition reactions on surfaces. The potential 
for nonlinearity is unknown in the absence of regularly scheduled multipoint 
calibrations. 

2. Findine: Aldehyde measurements were performed in accordance with the 
method;‘however, acetone, (a possible contaminant) was present in the mobile 
laboratory as a wash bottle under the hood. 

Effect on Data: Any acetone that might be found in the samples would be suspect. 

3. All plant and sampling times are recorded in Central Daylight Savings Findine: 
Time instead of Eastern Daylight Savings Time. The cenual power grid is 
controlled by Georgia Power’s headquaners in Alabama, which is in the Central time 
zone. Yates plant personnel have adopted Central time to coordinate with the cenaal 
operations. To avoid confusion, Radian also adopted Central time in conducting the 
HAP project. 

Effect on Data: Radian and plant personnel were all well-aware of this situation; 
however, special care should be taken to cross-check data to avoid confusion in 
sampling times during data validation. 

4. Findine: Sampling data are hand-entered from field sheets into a portable 
computer each day, making occasional typographical errors virtually unavoidable.. 

Effect on Data: Data validation procedures such as duplicate keying or 100% 
comparison with original sheets should be used to minimize these errors. 

Observations 

This section includes general observations for which no adverse effect on rhe data 
could necessarily be predictd, but which had the potential to differentiate results at this site 
from results at other sites. 

1. Radian sent an analyst and a high performance liquid chromatography (HPLC) 
instrument to the site for Cp measurements. Having the analyses performed on-site 
provides faster results: a l/2- to 2-hour turnaround versus 24 hours or more when 
samples are sent back to an off-site laboratory. This conscientious effort to obtain 
more timely analyses of this unstable material should be taken into account when 
comparing Radian’s results for fl with those from other contractors. 

2 
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2. The “Nick Bloom” method for sampling vapor phase mercury differed from that of 
another contractor on this project in that differently sized charcoal tubes were used and 
different methods of analysis will be used. Radian also used a soda-ash tube in 
conjunction with the charcoal tube which was intended to allow discrimination 
between oxidation states of mercury. Results of different contractors may not be 
comparable if different implementations of this method are employed. 

Activities 

1. Meetings 

Audit activities included three meetings between RTI. DOE, Georgia Power, and 
Radian personnel. An initial meeting was held on 6/22 and an exit meeting on 6/24. 
Additionally, there was a meeting on the afternoon of 6/22 in which the Georgia 
Power representatives expressed concerns about data security for the JBR project and 
misgivings about having “EPA representatives” on-site. Dr. Flanagan called Ms. 
Wasson, the RTI Project Leader, to inform her of this development immediately after 
this meeting. Dr. Kulkarni of RTI and Mr. Brown of DOE were contacted later the 
same day. No further concerns were expressed, however, and the remainder of the 
audit proceeded normally. Mr. Roy Clarkson, a representative of Georgia Power, 
reviewed all data to be taken from the site at the exit meeting on 6/24. This 
information consisted only of the auditor’s logbooks and checklists and some blank 
data forms obtained from Radian. Mr. Al Williams, the Radian Project Manager, 
made the decision not to release copies of any completed data sheets requested by the 
auditors based on Georgia Power’s concerns. 

During one of the meetings with Radian personnel, it was learned that the “major” 
element(s) for independent mass balance determination had not been selected. This 
was presumably under negotiation between Radian and DOE as a change in scope. 

2. Performance Evaluation Audit 

a) Orsat Determination - Mr. Tom Peters of Radian was observed by Mr. Craig 
Whitaker of RTJ while performing the Orsat procedure using test gas supplied 
by RTI. The audit gas concentration for tank ID number BLMO02689 was 
9.21% oxygen in dry niaogen. Comet procedures appeared to be followed. 
The following data were taken. Acceptable agreement was found for oxygen. 
Neither carbon dioxide nor carbon monoxide was present in the tank, and none 
was found. 
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Replicate Orsat Result lmL oxvcen) 

1 9.0 

2 9.0 

Average: 9.0 

Initial volume was 100 mL 

9.0 mWlO0 mL x 100 = 9.0% found by Orsat. 

Percent Difference = 9.0% - 9.2% x 100 = - 2.17% 
9.2% 

b) Performance Audit of Source Sampling Consoles - Mr. Whitaker provided a 
standardized orifice (TD number 117) to the sampling console operators. They 
were instructed to set a constant flow using the orifice and to measure the 
volume indicated by the console’s dry gas meter during a lo- or 20-minute 
sampling period. Operators reported a pressure drop across the RTI orifice, dry 
gas meter volume, and temperature. Results are tabulated in. the following 
table. “Calculated Volume,” the fifth column in the table, was calculated by 
RTI based on the orifice constant and pressure drop, multiplied by the run 
time. 

CONSOLE (DRY GAS METER VOLUME) PERFORMANCE AUDIT RESULTS* 

volume based on 

* Acceptance criteria i 10%. 
** This audit data set did not include a meter run stop time; however, runs were 

requested for 10 minutes and the data appear consistent with a IO-minute run time. 

4 

A-26 



cl VOST Sampling - The operator demonstrated extensive knowledge in the 
operation and process. Cartridges were inscribed with flow directions and 
encapsulated before and after use. Two sets of tenax and tenax/chatcoal were 
exposed to measured flows of test gas supplied by RTI. Exposure periods were 
10 and 20 minutes. Because analytical results must be received before these 
audit samples can be evaluated, the tube numbers, compounds, and 
concenuations will be reported in a separate memorandum. 

d) Continuous Emissions Monitors (CEMs) - The facility would not allow RTl to 
audit the installed monitors, but the system functions were explained by the 
operator, Mr. Jeff Nelms. The cylinders used-for daily zero and span checks 
were found to be Protocol No. 1 gases. Serial numbers and concentrations for 
these zero/span gases are provided in the following table. 

CEM SPAN GAS SUMMARY 

Two locations are being monitored by the CEMs: the ESP outlet (immediately 
upstream of the JBR) and the stack (downstream of the JBR). The following 
information is being acquired at each location: 

ESP outlet (upstream of JBR): 
- Temperature 
- Opacity 
- Oxygen 
- NO, 
- so, 

Stack (downsaeam of JBR): 
- Temperature 
- Oxygen 
- so, 
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Because different gases are being monitored at the two locations, different span gas 
combinations and concentrations were usedforthe span checks. For the stack gas 
analysers, cylinder AAL- (SO2 in N2) and cylinder AAL- 17497 (02 in N2) were 
used. On the ESP outlet upstream of the JBR, cylinder AAL- (NO and SO, in 
N2) and cylinder AAL- (02 in N2) were. used. Cylinders of zero air, were also 
present for zero determination. According to site personnel, tanks are replaced at 
intervals of approximately 1 to 2 months. This rather rapid turnover of standard gases 
is due to the large volume required to fill and purge the hundreds of feet of tubing 
between the tank, the sampling point, and the analyzers. as described in the next 
paragraph. 

Heated sample lines are used to carry the calibration gas to the probes. The 
calibration gas then flows back to the CEMs through the same lines that are used 
acquire gas samples. As part of the audit, the heated sample lines were traced and 
verified by the operator, who estimated that the fetch (one-way distance from the 
probe to the CEMs) was 300 to 350 feet. The fetch to the ESP outlet duct probe was 
estimated to be approximately 600 feet. 

3. Technical Systems Audit 

The following table summarizes the activities observed by the auditors. 

OPERATIONS OBS 

Medium Location 

Coal, l/4” feed boiler building 

Cord, pulverized boiler building 

Pyrite reject 

Boiler bottom ash 
(slurry) 

boiler building 

sluice pipe outlet at 
ash pond 

lVED DURING TSA 

Auditor Comment 

Flanagan. Whitaker 

Flanagan, Whitaker 

Flanagan, Whitaker 

Flanagan. Whitaker 

Periodic grab 
samples collected 
into plastic bucket 

Cyclone used to 
capture high- 

pressure suspension 
of coal powder 
prior to burner 

All material caught 
in plastic buckets 

Dipper samples 
alternately filling 
two glass carboys 

6 
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OPERATIONS OBSERVED DURING TSA (continued) 

measurement 

XAD-2 cartridge 
spike for semi- 

volatiles 

Laboratory 

laboratory trailer Flanagan 

Actual samples not 
seen; calibration 

only 

Metals train spikes 

VOST challenge 

Orsat procedure 
(oxygen) 

laboratory trailer Flanagan 

stack sampling area Whitaker 

laboratory trailer Whitaker Acceptable results. 

7 
A-29 



Recommendations 

1. 

2. 

3. 

4. 

5. 

Unusually large differences were seen when RTI’s standard orifice was used to test 
some of the sampling consoles used for source testing. These consoles are scheduled 
to be re-tested after their return to the laboratory and the results compared with the 
calibrations prior to the site test. Because of the discrepancies observed with the RTI 
orifice, the,calibration results should be repotted to DOE as soon as they are available. 
The pre- and post-test calibrations must agree within 5% or the data must be 
corrected. For regulatory purposes, the factor giving the higher emission estimate 
would be applied; however. for the research work under this project, an average of the 
two factors would probably be more appropriate. 

Mass flow rates for solids such as bottom ash and ESP ash are calculated based on 
coal feed rates and percentage ash in the coal obtained by proximate/ultimate analysis. 
One or more independent, direct methods of measuring or estimating the amount of 
ash produced should be attempted. For example, one such method for independently 
calculating ash production rates would involve multiplying the ash slurry average mass 
concenpation by the length of time the slurry flows and by the flow rate out of the 
pipe. Ash concentration in the slurry can be obtained by taking representative, time- 
proportional samples throughout the length of time the slurry flows. Flow rates can be 
measured at the outfall or obtained from the plant. Intercomparison of different 
estimates will increase the confidence in the validity of the mass balance calculations. 
This is a problem common to all contractors at all sites. 

Because auditors were not allowed to take any completed Radian data sheets off-site, a 
data audit should be conducted in which mw data sheets, computer-logged data, 
logbooks, validation procedures, and calculations are examined. 

A multi-point calibration has not been conducted on the CEMs used for the 
demonstration project since November 17-20, 1992. The CEMs are not scheduled for 
another calibration until the next phase of the JBR project, which begins in the fall. 
This would result in more than a year between calibrations. It is recommended that 
Georgia Power and Radian make provision to conduct multipoint calibrations at 
intervals of no more than six months for SO,, NO,, and 0,. If possibie, line losses 
between the span gas cylinders and the probes should also be determined at this time. 

It is recommended that the major elements for mass balance determination be 
discussed and tinalized between DOE and Radian, if this has not already been done. 
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Personnel Present Durine Site Visit 

Organizarion 

Chuck Schmidt 
Tim McIlvried 
Dave But-ford 
Roy Clarkson 
Jeff Nelms 
Al Williams 
lra Pearl 
Barbara Hayes 
Renee Cravin 
Dave Virbick 
Dave Maxwell 
Benji Cox 
Tom Peters 
Ed Zabasaija 
Tom Baraga 
Jii McGee 
Jim Hand 
Lori Rodriquez 
Jim Flanagan 
Craig Whitaker 

DOE 
DOE 
Georgia Power 
Georgia Power 
Georgia Power 
Radian 
Radian 
Radian 
Radian 
Radian 
Radian 
Radian 
Radian 
Radian 
Radian 
Radian 
Radian 
Radian 
RTI 
RTI 

(412)892-4690 

(404)253-2111 

(5 12)454-4797 
(5 12)454-4797 
(5 12)454-4797 
(5 12)454-4797 
(5 12)454-4797 
(512)454-4797 
(5 12)454-4797 
(512)454-4797 
(5 12)454-4797 
(512)454-4797 
(5 12)454-4797 
(5 12)454-4797 
(512)454-4797 
(919)541-6417 
(919)541-5988 

9 
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APPENDIX B: SAMPLING PROTOCOL 

Radian used established sampling methods, where possible, to collect representative samples 
from the various sampling locations within the Yates plant site. The sampling locations at 
Plant Yates Boiler No. 1 and the various plant processes included: 

l Boiler inlet, outlet, and sluice streams; 

l ESP inlet, outlet, and ash streams; 

l FGD system inlet, outlet, and slurry streams.; and 

l Stack gas. 

For most of the sources, the sampling methods used were standard methods with known 
performance characteristics, specific for the collection of a representative sample according 
to the stream matrix. These methods, summarized in Table B-l, provide data for compari- 
sons with industry standards. 

Gas Streams 

The following section presents the methodology to collect samples from gaseous streams. 

Particulate Loading 

EPA Reference Method 5’ or EPA Reference Method 172 was performed to determine 
particulate loading at the selected sampling locations at Plant Yates. Method 5 was used at 
the stack and ESP outlet locations and Method 17 was used at the ESP inlet sampling 
location. These methods provided isokinetic extraction of particulate matter on a glass fiber 
filter. However, since particulate loading determinations were performed in conjunction with 
the sampling for particulate and vapor-phase metals, quartz tiber filters were used in place of 
glass. The particulate mass, which included all material that condenses at or above the 
filtration temperature, was determined gravimetrically, after the removal of uncombined 
water. 
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Appendix B: Sampling Protocol 

Table B-l 
Summary of Sampling Methods 

Sampling Method 

sokls 

Liquids 

G&W 

Al1 

All 

Volatile Organics 

Semivolatile Organics 

Vapor-Phase Inorgaaicl 
Organic Specie.5 

Trace Elements (Metals) 

Particle Si+c Distribution 

Grab sample hourly to corn- EPA Method SOO73 (trowel/ 
posite per test ND (time- -P) 
averaged composite) 

Grab sample hourly to corn- EPA Method SO07 (trowel/ 
posite per test (time-averaged scoop) EPA Method .X04’ 
composite) (tap) 

4 pairs of VOST traps over VOST (SW-846 Method 
2-hour time period 0030)5 

htegmted sample over 4- IO Modified Method 5 (SW-846) 
6-hour time period Method 00106 

Integrated sample over 4- to Various impinger solutions 
6-hour time period sampling traius 

Integrati sample over l- to Multi-metals sampling train’ 
Z-hour time period 

lntegmted sample over l- to EPA Methods 5’ and 17 
2-hour time period sampling trains 

Fixed point sample over h-stack cascade imp&or 
appropriate time period 

l Solid and liquid samples for volatile organics analyses were sampled only once per day, pa test ma. 
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Appendix 8: Sampling Prorocol 

The RM5 sampling system incorporated a calibrated glass nozzle, heated glass lined probe, 
heated oven (housing the filter holder and substrate), a condenser assembly, and a calibrated 
extraction system. The Method 17 sampling system was similar except an in-stack filtration 
system was used as opposed to the hot box and heated filter holder configuration of Method 
5. Both systems operated under vacuum for extraction of effluent gas through leak free 
components. Both systems were leak checked before and after each individual test. 

An extraction (sampling) rate was determined based upon preliminary measurements of 
temperature, flow rate, pressure, and moisture collected prior to the sampling program. The 
sampling rate. was calculated from these variables to assist in providing and maintaining 
isokinetic sampling throughout the entire test period. At isokinetic conditions, the velocity of 
the stack gas entering the nozzle of the extraction system is equal to the effluent velocity at 
the sample point. The extraction system allowed manual adjustment of the sample rate when 
changes occurred in any of the variables that would affect isokinetic collection. 

The individual stream gas velocities and the selection of the proper sample nozzle dictated 
the required sample time. The sampling was conducted at equal time intervals along the 
selected traverse points as determined by EPA Reference Method l.‘O 

After each test sequence, the particulate samples were recovered. For Method 5, the 
collected sample included the particulate deposited inside the extraction nozzle, heated probe, 
and filter holder (designated as the front half probe and nozzle rinse, PNR), as well as the 
particulate collected on the filter substrate. The Method 17 collected sample included the 
particulate deposited inside the nozzle and collected on the in-stack filter. 

Particulate Metals and Vapor-Phase Metals 

Sampling for the collection of particulate and vapor-phase metals was performed in conjunc- 
tion with Method 5 and 17 using the procedures detailed in EPA Conditional Method 29. 
Method 29 is similar to Method 5 with a few sample train modifications. Modifications to 
Method 5 included replacing the stainless steel nozzle and probe liner with glass components. 
Method 17 was modified to operate with a glass nozzle and a teflon coated thimble holder to 
reduce the possibility of metal contamination due to the sampling system. The particulate 
material was collected on quartz tiber substrates, replacing the standard glass tiber filters 
normally used with Methods 5 and 17. Vapor-phase metals were collected in a series of 
impinger solutions. The first two impingers contained a dilute nitric acid and hydrogen 
peroxide solution. The third impinger was empty. The next two impingers contained acidic 
potassium permanganate solution for mercury collection. These. impingers were followed by 
one dry impinger, and an impinger filled with silica gel. A minimum of 100 dry standard 
cubic feet of gas was collected isokinetically. 

Sample recovery was performed in the on-site laboratory. An outline of the sample recovery 
procedure is detailed below: 
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Appendix B: Sampling Protocol 

1 - Petri dish - plastic - filter 

1 - 500 mL glass - Acetone PM. Rinse front half of filter holder with acetone into PNR 
bottle. 

1 - 500 mL glass - HNQ PNR. Rinse front half of filter holder into PNR bottle. 

1 - 1000 mL plastic - 1st & 2nd Imp. 
Rinse back half of filter holder and impingers with 0. 1N IIN@ into sample bottle. 

l- 1000 mL glass - 3rd, 4th, & 5th impingers. Rinse impingers with O.lN HNQ into 
sample bottle. 

1 - 250 mL glass. Rinse 3rd, 4th & 5th impingers with 8N HCl. 

Preservation - None 

Particle Size Distribution 

The particle size distribution of material in the sample gas was measured using cascade 
impactors. These impactors classify particulate matter with respect to aerodynamic particle 
Size. 

The impactor separated the particulate matter into seven size fractions (six impacted 
fractions and one fraction collected on the back-up filter). The isokinetic flow rate through 
the sampling nozzle was determined based on velocity data obtained during earlier sampling 
(EPA Method 5). Operation of the impactor required the flow rate through the impactor be 
kept constant. This requirement eliminated the possibility of adjusting the flow rate if 
variations in stack gas velocity occurred. After sampling, the impactor was unloaded and the 
collected particulate material weighed. The weight gains were used to calculate the particle 
size distribution. The recovery outline is presented below: 

10 - Petri dishes - plastic - filters 
1 - 250 mL glass - acetone PNR. Rinse pre-cutter with acetone into PNR bottle. 

Preservation - None 

A Method 5. train was used to collect vapor-phase and solid-phase (particulate) acid gas 
species of hydrochloric, hydrofluoric, sulfuric and phosphoric acids along with sulfur dioxide 
and sulfur trioxide. The two sorbing impinger solutions for the acid gases were 200 mL of a 
carbonate/bicarbonate solution containing hydrogen peroxide followed by a dry impinger and 
an impinger ftiled with silica gel. The sample train was opemtcd according to the procedures 
detailed in EPA Reference Method 5. 
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Appendix 6: Sampling Protocol 

Recovery procedures for the Anions train are presented below: 

1 - Petri dish - Plastic - filter 
1 - 500 mL plastic - Hz0 PNR. Rinse front half of filter holder with H,O into PNR bottle. 
1 - 1,000 mL plastic - Impinger contents. Pour the contents of the first three impingers into 

sample bottle. Rinse back half of filter holder, connecting glassware and impingers with 
Hz0 into sample bottle. 

Preservation - Keep cold (< 4°C) 

Volatile Organics 

The volatile component determinations were performed using a volatile organic sampling 
train (VOST).” In VOST, volatile organics were removed from the sample gas by sorbent 
traps maintained at 20°C. The first resin trap contained Tenax and the second trap contained 
Tenax followed by petroleum-based charcoal. A dry gas meter was used to measure the 
volume of gas passed through the pair of traps. Sample volumes of 20 liters were collected 
on separate pairs of traps with a 0.5 liter per minute sampling rate. The samples were 
collected at a fixed point in the stack where the velocity matches the average gas velocity. 

The VOST consisted of a quartz probe, water-cooled condensers, sorbent traps, and sample 
gas metering system. During sample collection, the Tenax traps were maintained at 20°C. 
To further increase the collection efficiency, the sample gas was cooled and dried by passing 
it through a water-cooled condenser prior to its contact with the sorbent trap. 

Before the initial assembly of the sampling train, all sample-contacting components were 
cleaned with non-ionic detergent, rinsed in HPLC-grade distilled water, and dried at 100°C. 
The resin traps were stored in clean glass containers with Teflon-lined screw caps, the 
condensers and other glassware were covered with appropriate. end caps prior to use. 

Before use, the traps, the Teflon-filled ceramic ferules, and the hardware used in connecting 
the traps, were conditioned. The virgin Tenax and the charcoal were Soxhlet extracted with 
methanol. After the resins were dried under infrared lamps, they were placed in a vacuum 
oven for six hours at 50°C. The tubes were packed individually and thermally conditioned 
for 12 hours at 200°C with organic free nitrogen at a rate of 40 mllmin. To check for 
emissions of volatile organic compounds, a tube from each batch was tested as a blank. 

Leak checks were performed before and after collection of each pair of resin traps. After the 
post-collection leak check had been completed, the traps were sealed with end caps and 
returned to their respective glass containers for storage and transport. During storage and 
transportation, the traps were kept cool (< 4°C). 

Aldeh ydes 

Aldehydes were collected using a 2,4-dmitrophenylhydrazine (DNPH) train according to EPA 
Method 0011 .I2 Sample collection was performed isokinetically following the procedures 
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detailed in EPA Method 5. The impinger solutions were combined into one sample along 
with the methylene chloride glassware rinse. The solutions were sealed in amber glass 
containers with Teflon closures and stored at 4°C. 

Semivolatile Compounds 

Semivolatile organics (SVs) determinations were performed using a Modified Method 5 
(MM5)” sampling train. The probe washes, filter catches, XAD sorbent traps, and aque- 
ous condensates were extracted and analyxed for SVs according to SW-846 Method 8270 
protocol. The MM5 sampling system consisted of a heated probe, heated filter, sorbent 
module, and pumping and metering unit. A gooseneck nozzle of an appropriate diameter to 
allow isokinetic sample collection was attached to the probe. S-type Pitot tube differential 
pressure was monitored to determine the &kinetic sampling rate. 

From the heated filter, sample gas entered the sorbent module. The sorbent module 
consisted of a water-cooled condenser followed by the XAD-2 resin trap. After the resin 
trap was a dry, modified Greenburg-Smith impinger which collected the aqueous condensate.. 
The stem of this impinger was short to reduce carryover of collected aqueous condensate. 
Following the condensate trap were two water impingers that collected any mist carryover 
from the condensate trap, and a final impinger containing silica gel to dry the sample gas 
before metering. A pump and dry gas meter were used to control and monitor the sample 
gas flow rate. 

Sampling of the stack gases was conducted in accordance with the published MM5 protocol. 
The sampling rate for each tram was between 0.5 and 1.0 dscfm. A minimum of 106 dscf 
was collected by each train over a minimum sampling period of two hours. 

Sampling train preparation and sample retrieval were performed in a controlled environment 
to reduce the possibility of sample contamination. Prior to assembly, each component of the 
sampling train was thoroughly rinsed with methylene chloride. 

AtIer sample collection, the ends of the sampling train were sealed with solvent-rinsed foil 
and returned to the clean-up area for sample retrieval. The tilter was recovered and placed 
in a methylene chloride-rinsed glass petri dish. Aqueous condensate collected in the first two 
impingers and in the sorbent trap was transferred to methylene chloride-rinsed amber glass 
bottles with Teflon-lined screw cap closures. All components of the sampling train, from the 
nozzle through the sorbent module, including the probe, filter glassware, and impinger 
glassware were rinsed thoroughly with a solution of methylene chloride. The probe was 
cleaned using a nylon brush followed by rinsing with a methylene chloride. The probe rinse 
and glassware rinses were combined with the recovered condensate sample. The XAD-2 
resin cartridges were sealed and transferred to the laboratory intact. The recovery proce- 
dures are outlined below: 

1 - Petri dish - glass - filter 
1 - 500 mL glass - MeCl,PNR. Rinse front half of tilter holder with MeCl, into PNR 

bottle. 
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1 - XAD Resin Cartridge 
1 - 500 mL glass - Condensate. Pour the wntents of the first two impingers into bottle. 

Discard third impinger H20Z solution. 
1 - 500 mL glass - MeCl, Train Rinse. Rinse back half of filter holder, condenser, 

connecting glassware and impingers 1 and 2 with MeCl, into sample bottle. 

Preservation - Keep cold (< 4°C) 

Dioxins and Furans 

Sampling for the collection of dioxins and furans present in the selected gas stream was 
performed using EPA Reference Method 23. l4 Sample collection procedures specified in 
Method 23 were followed with the following exception: 

l All train component rinses were performed with methylene chloride and acetone. An 
additional toluene rinse was then performed and added to the respective front half and 
back half acetone/methylene chloride rinse samples. 

Sample ram, volume and procedures were identical to the IvIM5 procedures described above. 

Ammonia 

Sample collection for the determination of ammonia present in the gas streams was per- 
formed in conjunction with the anions sampling train. Similarly as with the anions sample 
train, gas was extracted isokinetically through a glass fiber filter then directed to an impinger 
train which contains the collection solution. For the collection of ammonia, dilute sulfuric 
acid was placed in the first two impingers of the condenser assembly. Recovery procedures 
for the ammonia train are presented below: 

1 - 1,000 mL plastic - Impinger contents. Pour the contents of the first three impingers into 
sample bottle. Rinse connecting glassware and impingers with H,O into sample bottle. 

Hydrogen Cyanide 

Sample collection for the determination of hydrogen cyanide present in the gas streams was 
performed in conjunction with the ammonia sampling train. Gas was extracted isokinetically 
through a glass fiber filter then directed to an impinger train which contains the collection 
solution. For the collection of cyanide, dilute zinc acetate solution was placed in the third 
and fourth impingers of the ammonia train. Recovery procedures for the hydrogen cyanide 
portion of the train are presented below: 

1 - 1,000 mL glass - Impinger contents. Pour the contents of the first three impingers into 
sample bottle. Rinse connecting glassware and impingers with HZ0 into sample bottle. 
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Flue gas particulate samples for radionuclide analysis were collected using the approach 
defined by EPA Reference Methods 5 and 17 with one exception. The samples were 
collected at a single point in the duct representative of the average flue gas velocity. Filter 
samples were stored and transported in plastic petri dishes and thimbles were contained in 
plastic bottles. 

Extractable Metals 

Separate samples for extractable metals content were also collected using the single point 
isokinetic approach described for radionuclide sample collection. Quartz-fiber filter media 
was used to reduce the background metals contribution associated with glass fiber tilters. 
Filter samples were stored and transported in glass petri dishes and thimbles were contained 
in glass bottles. 

Vapor-Phase Mercury by Charcoal Sorption 

Sampling for mercury speciation was performed using a sample train designed by Niwlas 
Bloom.” The sampling train consists of a quarts probe, tandem pair of soda-lime traps, 
tandem iodati carbon traps, drierite cartridge and mass flow metering system. The sample 
tram was assembled outside of the stack and leak checked to verify the sample integrity. The 
probe tip was placed at a single point in the stack that was determined to be representative of 
normal flow, based upon preliminary velocity measurements. The sample was extracted 
from the source with the sample rate adjusted to provide a 100 Liter sample collected over a 
minimum of two hours. At the completion of sampling, the train was leak checked and the 
sorbent tubes and probe liier recovered. Sorbent tubes were segregated based upon run and 
location and scaled in plastic bags for transport to the laboratory. 

Chrome Vi 

Samples were collected via the BIF method for chromium (VI).t6 This method used a 
noule, teflon lines, peristaltic pump for recirculating solution and impinger solutions. The 
impinger contained a known volume of 10 N potassium hydroxide. Samples were collected 
&kinetically from the outlet stack using the sampling procedures detailed in EPA Reference 
Method 5. At the completion of the sample collection period, the sample train was purged 
with ultrapure nitrogen prior to the recovery of the sample. The impinger solutions were 
recovered from the sample train, tiltered, then transported to the on-site laboratory for 
analysis. All of the train components were rinsed with 0. 1N nitric acid and the rinse was 
retained for total chromium analysis. 

Solid Sampling Procedures 

Dry solid stream samples (raw coal, boiler feed coal, pulverixer rejects, limestone, and ESP 
hopper ash) were collected using grab sampliig techniques. Individual grab samples of each 
stream were collected hourly throughout each test run and composited to generate a represen- 
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tative, time-averaged composite sample. Composite samples of raw coal, boiler feed coal, 
pulveriser rejects, and raw limestone were riffled and split to produce a 1 kilogram (mini- 
mum) sample which was placed in a plastic bag and sealed for transportation to the 
laboratory. 

Two composite. samples of dry fly ash, one for each ESP field, were prepared from individu- 
al grab samples collected from ESP hoppers l-4, and 5-8. For purposes of wmpositing, the 
mass distribution and removal efficiency were assumed to be uniform across the ESP inlet 
duct and across each bank of ESP ash hoppers. Consequently, the ash collected from each of 
the four hoppers in the same field were wmposited equally. Each composite sample was 
thoroughly mixed and stored in pre-cleaned glass bottles (for analysis of organic compounds), 
or in plastic bottles. Samples collected for organic compound analyses were refrigerated at 
4°C and kept cool during transportation to the laboratory. No preservation was needed on 
samples for inorganic analyses. 

Sluiced ash stream samples (bottom ash and J?SP fly ash) were. also collected using grab 
sampling techniques. Bottom ash, which is normally sluiced once per shift at Plant Yates, 
was sluiced prior to the beginning of each daily test run to remove accumulated ash material 
that was non-representative of the test period. Bottom ash sluicing operation was then 
secured immediately before, and throughout each daily test period. At the conclusion of 
each test period, sluicing operations were resumed while a sampler collected multiple grab 
samples with a polyethylene dipper. Samples were collected as long as there was visual 
evidence of bottom ash in the sluice water at wncenhations high enough to warrant contin- 
ued sampling. 

These samples were wmposited directly into a large bucket where the ash was allowed to 
settle. After the ash had settled, the sluice water component was siphoned off to avoid 
disturbing the ash fines, and the wet ash mixed and bottled for storage and transportation to 
the laboratory. Samples for analysis of organic compounds were split from the composite 
sample and preserved in pre-cleaned, amber-glass containers by cooling to 4°C. 

Sluiced fly ash from the ESP hoppers was collected in a manner similar to bottom ash, 
except sluicing operations were performed continuously to avoid ash buildup in the ESP. 
Since the ESP ash sluicing system was combined with the sluiced economiser and air pre- 
heater ash, the systems were isolated before the start of the test run to avoid bias in the E!SP 
ash composite. Grab samples were collected hourly from the sluice water discharge pipe to 
the ash pond. Like bottom ash, the fly ash was allowed to settle, and the sluice water 
component siphoned off to avoid disturbing the ash fines. The wet ash was mixed and 
bottled for storage and transportation to the laboratory. Samples for analysis of organic 
compounds were split from the composite sample and preserved in pre-cleaned, amber-glass 
containers by cooling to 4°C. 

Limestone and FGD slurry samples were collected using grab-tap sampling procedures. 
Sample taps were opened and allowed to purge immediately prior to collecting the process 
samples to insure representative sample collection. Hourly grab samples of limestone slurry 
were cornposited directly to a large container, and FGD slurry was filtered directly from the 
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tap through a filter press. The limestone slurry composites were filtered after mixing. The 
recovered filter cakes were bottled for storage and transportation to the laboratory. Samples 
for analysis of organic compounds were split from the composite samples and preserved in 
precleaned, amber-glass containers by cooling to 4°C. Sub-samples of the FGD solids 
composite. were also taken for the on-site analysis of sulfite and sulfate ions. 

Liquid Sampling Procedures 

Liquid samples were collected from both filtered and unfiltered sources. Raw, unfiltered 
water streams consisted of ash pond water, recycled gypsum pond water, coal pile run-off, 
and cooling water at the inlet of the steam condenser. Filtered streams consisted of bottom 
ash and fly ash sluice water, and limestone and FGD slurry filtrates. 

Raw water samples were sampled by grab-tap sampling techniques. Hourly grab samples 
were wmposited into appropriate sample containers and preserved as soon as possible after 
sample collection. In some cases the sample was added directly to sample bottles containing 
the preservative in order to reduce the loss of the more volatile species (e.g. NH,, CN-). 
Table B-2 presents the liquid sample preservation techniques for specific analytes. 

Filtrate samples were collected as described in the corresponding sluice water or slurry 
stream. Sluice water that was siphoned from the settled ash material was filtered in its 
entirety, split into the appropriate sample containers, and preserved according to the 
techniques presented in Table B-2. Slurry filtrates were also split into appropriate containers 
and preserved in the same manner as sluice water filtrates. 

Sluice water and slurry filtrate samples collected for the analysis of volatile organic wm- 
pounds and aldehydes present the only exception to the sample collection procedures 
described above. Due to the volatility of these analytes, bottom ash sluice water, ESP fly 
ash sluice water, limestone slurry, and FGD slurry samples were collected for volatile 
organics directly into VOA vials without filtration, and chilled to 4°C. 
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Modified Method 5 Sampling Train,” Test Methods for Evaluating Solid Waste. SW- 
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Emissions and Speciations from Fossil Fuel Combustion.” Published in the proceedings 
of the Second International Conference on Managing Hazardous Air Pollutants. 
Sponsored by the Electric Power Research Institute. Washington, D.C. (July 1993). 

40 CFR 266, Appendix IX: Methods Manual for Compliance with the BIF Regulmiom. 
“Determination of Hexavalent Chromium Emissions from Stationary Sources (Method 
CP’).” 
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AppendLx 8: Sampling Protocol 

Table. B-2 
Preservation, Storage, and Holding Tie Requirements for Liquid Samples 

AndyticalParsmeter 

V&tile OTgMics 

semivolatile orgaoics 

Formaldehyde 

Soluble Metals 

Total Metals 

Anioos 

Phosphate 

Some 

Ammonia 

Cyanide 

I’mservation and Storsge Maxiium Holdiog 
Reqtlirf!ments Tiie (Days) 

Cool 4’C; amber glass VOA vial 

cool 4°C; amber gb3ss 

c!ool4’c; amber glass 

Filter on-site.; HNO, pH < 2 

I-MO, pH C2; plastic 

Cool 4oc; phstic 

Cool 4OC: &SO, to pH <2 

None; plastic 

Cool 4Oc; H$O, to pH c 2 

Cool 4°C: NaOH to pH > 12 

7 adyze 

14 extract, 40 amly2.e 

5 de&it&, 3 analyse 

6 months amlyze’ 

6 months malyze’ 

28 adyze 

28 malyze 

Andyze immediately 

28 adyze 

14 malyze 

’ Maximum holding time for Hg is 28 days. 
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Appendix C: Sample Calculations 

A brief discussions of the data reduction procedures required to support this program is 
provided below. All calculations and data reduction procedures are compiled from 40 CFR 
Part 60, Appendii A for the specific Reference Methods. Included with each calculation is a 
brief definition of terms and general nomenclature utilized in the data reduction process. 

Flow Rate Determination 

The average gas velocity is determined from the gas density and from measurements of the 
average velocity head with a Pitot tube and inclined manometer. 

Nomenclature 

A = 

c, = 

MW,= 

MW,= 

Pby = 

Pr = 

P, = 

ACFM = 

SCFM = 

DSCFM = 

T, = 

Vel = 

AP = 

We AP = 

96 co* = 

% o* = 

% H,O = 

Cross sectional area of the stack or duct, (ft’) 

Pitot tube coefficient, dimensionless 

Molecular weight of gas, dry basis, lb/lb-mole 

Molecular weight of gas, moisture corrected, lb/lb-mole 

Uncorrected barometric pressure at test site, “Hg 

Static pressure of gas, “Hg 

Absolute pressure of gas, “Hg 

Effluent flow in actual feet per minute 

Effluent flow in standard cubic feet per minute 

Effluent flow in dry standard cubic feet per minute 

Average gas temperature, “F 

Average gas velocity in feet per second 

Velocity Head of gas, “Hz0 

Average square root of the velocity head, “HrO 

Percent carbon dioxide by volume, dry basis 

Percent oxygen by volume, dry basis 

Percent moisture of gas stream 
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,4ppendlx C: Sample Calculations 

Calculations 

Stack Pressure: 

P, = Pb, f & 
t .I 

(C-1) 

Molecular Weight - Dry Basis: 

MW, = 0.44 (%C02) + 0.32 (%02) + 0.28 (lOtI-%CO,-%O,) (C-2) 

Molecular Weight - Wet Basis: 

mwu = m,, x (‘-;z) + 0.18 x (%I-QO) I 1 
Velocity (fps): 

(C-3) 

VPS = 85.49 x C, x (me @) x pTi’h;b” 
s we 

Flow Rate (ACFM): 

ACFM = (VPS) x (A) x 60 

Flow Rate (SCFM): 

SCFM = 17.64 x xACPM 

(C-4 

(C-5) 

(C-6) 
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&pendix C: Sample Calculations 

Flow Rate (DSCFM): 

DSCFh4 = 17.64 x [‘@;“]I[~, 74mdxACFM (c-7) 

Moisture Determination 

A gas sample is extracted from the source and moisture is removed from the sample stream 
and determined gravimetrically. 

Nomenclature 

B, = Water vapor in gas stream, proportion by volume 

Pb, = Uncorrected barometric pressure at test location, “Hg 

T, = Average dry gas meter temperature, “F 

V, = Volume of gas sampled as measured by dry gas meter, acf 

V d = Volume of gas sampled, corrected to standard conditions, dscf 

V m,, = Volume of condensate collected in the condenser system, (mL) 

V, = Volume of water vapor 

Y, = Dry gas meter calibration factor 

DH = Average pressure differential, “Hz0 

Volume of Water Vapor: 

v, = 0.04707 x (vm) 

Standard Sample Volume: 

v,,= 17.64 (Yd) (Vm) x pkTI @Y)] 
I 

(C-8) 

(C-9) 
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Appendk C: Sample Calculations 

Water Vapor Fraction: 

Percent Moisture: 

% Moisture = B, x 100 

(C-10) 

(C-11) 

Particulate Emission Determination 

Particulate matter is extracted isokinetically from a source and collected on a heated substrate 
and condensed in the impinger train. The particulate mass is determined gravimetrically 
after removal of uncombined water. 

& = Area of noule (ft?) 

k, = Water vapor in gas stream, proportional by volume 

c, = Particulate mass collected, mg 

DH = Average orifice pressure drop, “Hz0 

DSCFM = Effluent flow, dry standard cubic feet per minute 

Pb, = Uncorrected barometric pressure at test location, “Hg 

P, = Absolute pressure of gas, “Hg 

T = Total sample time, minutes 

T, = Average dry gas meter temperature, “F 

T, = Average gas temperature, “F 

V me = Volume of condensate collected, mL 

V, = Volume of gas sampled as measured by dry gas meter, acf 

V mrtd = Volume of gas sampled, corrected to standard conditions, dscf 

Vel = Average duct velocity, feet per second 
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Appendix C: Sample Calculations 

Y, = Dry gas meter calibration factor 

% I = Isokinetic sampling rate 

Calculations 

Dry Gas Volume: 

v,,= 17.64 (Yd) (vm) x PkTI @y)] 
[ 

Percent Isokinetic: 

(5 + 460) x (vmtd) 
% I = oD9450 ’ (‘I7 x (v$ x (P,) x (AJ x (1 -B,) 

Particulate Concentration: 

@l& = C@art) x 0.0154 
“, 

Particulate Emission: 

lb@ = 0 x DSCFM x 60 
7ooo 

(C-12) 

(C-13) 

(C-14) 

(C-15) 
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mpendix C: Sample Calculations 

PLANT YATES 
ESP INLET/ALDEEYDES 

itial Leak Rate 

uci Dimemionr (ft) 
tot Tube Cor&&n Factor (Cp) 

Meter Calibration (Yd) 

ctcr Volume (dscf) 
ue Gas Moisture (%) 

Molecular Weight (Wet) (g/g-mole: 
Stack Pressure r’ lie 

bsolute Stack Temperature (R) 
vet-age Gas V&city (f/see) 
vg Flow Rate (a&n) 

(dscfm) 
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Appendix C: Sample Calculations 

PLANT YATES 
ESP IMET/MODlPIED METHOD S 

itial Leak Rate 

Molecular Weigkt (Wet) (g/g-m01 
te Stack Pressure (” Hg) 
te Stack Temperature (Ft) 
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nppendix C: Sample Calculations 

PLANT YATES 
ESP LNL.ET/PSD 

orrectm Factor (Cp) 
as Meter Calibration (Yd) 

le Diameter (in&a) 

wrqe rquarr mot of delta p 
verage delta H (” E20) 

Gas Moisblrr (%) 
olcculnr Weight (Wet) (g/g-mole 
te Stack Pressure (” Hg) 
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Appendix C: Sample Calculations 

:F 
Is 

c 
v 

c 

c 
Y 

:i 
I$ 

c 
2 

c 

c 
0 

c 
Y 

< 

Ei 
< 

L : 
C’ 
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Appendix C: Sample Calculations 

PIANT YATES 
ESP IMETMIJLTG~TALS -PARTICULATE 

olecular Weight (wet) &f/g-mole 
lute Stack Pressure c’ Jig) 
lute Stack Temperature (R) 

84X 
240.a 
2oi.a 244.0 252.2 232.4 

21.4931 24.9809 26.2059 24.2266 
1.8780 0.3098 1.0939 

IO.1 10.5 11.8 IO.8 
9.9 8.8 7.0 8.6 

80.0 80.7 81.2 80.6 
106.704 104.991 105.454 105.716 

8.1 9.9 10.1 9.4 
29.03 28.84 28.93 28.94 
29.11 29.13 28.97 29.0; 

761 759 763 761 
16.3; 16.99 17.29 16.85 

475,917 494,021 502,740 490,893 
295,051 301,434 302,524 299,670 

87.01 
240.0 t 

90.01 
240.0 I 

87.0 
240.0 

104.46 1 100.611 100.69 1 101.91 
;.38E+OO1 3.67E+oo1 3.88EMO1 364E+Ot 
1.83E-4M 

1.077 
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Appendix C: Sample Calculations 

PLANT YATES 
ESP INLET/ANIONS 

tot Tobe Con&&a Factor (Cp) 
u Meter Calibration (Yd) 

ismeter (iiebea) 
ric Pressure (“El& 

otcr Volume (8cf) 
vcrnge square root of delta p 
veEweddt8H r*820) 

olcculnr Weight (Wet) (g/g-mole 
tc Stack Pressure (” Hb) 

uto Stack Temperature (R) 

0.84 0.84 0.84 - 
1.003 I.003 1.003 - 

0.3750 0.3750 0.3750 - 
29.55 29.56 29.40 29.50 

it-t 

-5.8 -5.8 -5.4 -5.1 
64.816 44.245 45.140 51.W 
0.3161 0.3201 0.2783 0.3048 

1.36 1.41 0.99 1.25 
290 282 310 294 

85.0 1 88.0 I 76.0 1 83.0 
100.0 I 65.0 1 82.0 I 82.3 

‘::;I ‘:::I ‘:::I ‘iI 
80.0 1 80.71 81.21 80.6 

‘62.414 1 42.391) 43.933) 49.579 
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Appendix C: Sample Calculations 

PLANT YATES 
ESP l?CET/AMMONL4-CYANIDE 

solute sack P-rc (,, Hg) 
Stack Temperature (It) 
Gas Velocity (f/s@ 

0.3122 0.3122 
1.33 1.31 
289 283 

0.3077 0.2871 0.3 107 
1.34 

I 
1.09 

I 
1.33 

284 315 28S 
94.0 I 83.01 87.3 
60.0 1 80.0 1 65.0 
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Appendix C: Sample Calculations 

PLANT YATES 
ESP lNLETfRADIONUCLJDES 

e Grs Moisture (%) 
oleeular Weight (Wet) (g/g-mall 
te Stack Pressure (,, En, 

ate Stack Temperature (R) 

MKO MKO MKO - 
0.009 0.010 0.007 - 
0.006 0.009 o.oa4 - 

8.5 x 57 8.5 x 57 8.5x57 - 
0.84 0.84 0.84 - 

1.009 1.009 1.003 - 
0.3750 0.3750 0.3750 - 

29.55 29.56 29.40 29.51 
-5.8 -5.8 -5.9 -5.; 

53.605 45.950 45.096 48.2 1 
0.3300 0.290s 0.2737 0.298 

1.48 1.10 0.96 1.1 
301 317 316 31 

82.0 97.0 93.0 90.’ 
82.0 80.0 80.0 80.’ 
10.1 10.5 11.8 10.; 
9.9 8.8 7.0 8.8 

80.0 1 80.71 81.2 1 80.1 
52.2311 43.5401 42.5371 46.10, 

8.2 9.9 10.1 9., 
29.03 28.84 28.94 28.9, 
29.12 29.13 28.97 29.0 

761 777 776 77 
22.48 20.06 18.91 20.4 

653,616 583,171 549,740 595.505 
405.064 347.529 325.421 359.338 
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Appendix C: Sample Calculations 

PLANT YATES 
ESP INLET/SF. PARTICULATE 

uct Dimearioar (ft) 
tot Tube Co&in Factor (Cp) 

GP( Meter Calibration (I’d) 

ue Gu Momture (%) 
Weight @Vet) (g/g-mole: 

p Gas Velocity (f/w) 
Flow R8tc (8&n) 
Flew Rate (dscfm) 

‘;::I ‘:::I ‘:::I los:, 
80.0 80.7 81.2 80. 

39.229 42.615 41.253 41.03 
8.2 9.9 10.1 9.’ 

C-16 



Appendix C: Sample Calculations 

PLANT YATES 
ESP INLETEXTRACTABLE METALS 

lute Stack Pressure (” Jig) 
Stack Temperature (R) 
Gu Velocity (f/see) 

Flow R&e (8cfm) 

-5.8 1 -5.81 -5.91 -5. 
43.4201 43.2801 44.144t 43.61 
“.‘,$I 026767) 0.3;;;) 0.3;; 
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Appendix C: Sample Calculations 

PLANT YATES 
ESP OUTLET/MODIFIED METHOD 5 

vorap square mot of delta p 
vonge delta El (” E20) 
verago Stack Temperature @) 

. 212.4 
11.2 

8.0 7.9 
80.9 80.9 

eter Volume Idscfl 120.3871 121556 

Flow Rate (d&n) 

7.6 
29.19 
28.59 

740 
62.93 

482,150 
303,573 

100.6i 
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Appendix C: Sample Calculations 

PLANT YATES 
ESP OUTLETALDEHYDES 

rage squam root of delta p 
vcrage delta H (,, El20) 
vengc Stack Temperature (FJ 

Moleculnr Weight (Wet) (%g-mole: 
tc Stack Pressure c’ Hg) 
tc Stack Temperature (R) 

gc G8s Velwity (fhec) 
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Appendix C: Sample Calculations 

ol--“-;r-;vlo ua--mOh~~.~om~~“~~ 
a.n 1-r 

,,m,*,#-: g 
Nw=-go ‘P 

d icEi 
0; l-4 
N 



&.wdix C: Sample Calculations 

PLANT YATES 
ESP OUTLET/PSD 

uct Dimensions (ft) 

romctrle Pressure 29.51 29.40 29.36 29.4 
-11 -11 -11 -1 

254.680 180.019 154.960 l%.SS 

“Gaul “t“I “‘Tg “” 

80.9 80.9 80.9 80. 
245.909 171.888 146.280 188.02 

7.5 7.6 8.1 7. 
29.19 29.19 29.06 29.1 
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Appendix C: Sample Calculations 

PLANT YATES 
ESP OUTLET/MULTI-METALS -PARTICULATE 

Ca8 Motor Calibration Cyd) 

otor Volume (drf) 
ue Gas Moisture (%) 

Weight (Wet) (glg-mo18 

29.55 29.42 29.30 29.42 
-11.0 -11.0 -11.0 -11.0 

118.957 ( 121.053 125.5341 121.848 
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Appendix C: Sample Calculations 

PLANT YATES 
ESP OUTLET/ANIONS 

Tube Cometion Factor (Cp) 
Motor Calibration (Yd) 

Gas Moblute (%I 
Molecular Weight (Wet) (&-mole 

solute Stack Pressure (,, Ii@ 

-1l.Ol -1l.Ol -1l.Ol -11. 
65.200 1 62.1501 60.6111 62.65 
O.Q;;l 0.9;;1 0.9;&7( 0.9;; 
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Appendix C: Sample Calculations 

PLANTYATES 
ESP OUTLET/AMMONIA-CYANIDE 

veragc mot of delta p 

0.84 0.84 0.84 - 
0.992 0.992 0.992 - 

0.2230 0.2230 0.22% - 
29.55 29.42 29.30 29.4 
-11.01 -11.0 -11.0 -11. 

73.525 64.150 63.443 67.03 
0.9680 0.9589 0.9434 0.956 

7.6 7.5 7.6 7. 
81.2 81.4 81.0 81. 

69.7621 60.4961 59.2421 63.16 
9. 

28.9 
28.6 

74 
64.9 

500,101 
308.58: 

%.8 
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Appemfix C: Sample Calculations 

PLANT YATES 
ESP OUTLXT/ S.F. PARTICULATE 

Gas Mctcr Calibration (Yd) 

Gas Moisture (%) 
Weight (Wet) (@g-m0 

DHD 1 DHD I DHD 1 - 
0.012 I 0.005 I 0.005I - 

NAI NAI NAI - 
11.3 x 11.31 11.3 x 11.31 11.3 x 11.3) - 

0.84 0.84 0.84 - 
1.007 1.007 1.007 - 

0.2110 0.2110 0.2110 - 
29.53 29.55 29.42 29.5 
-11.0 -11.0 -11.0 -11.c 

852.132 687.620 711.797 750.511 
0.9581 0.9954 1.0651 1.006j 

1.35 I 1.42 1.54 I 1.42 
281 279 281 28( 

9.2 9.6 10.0 9.t 
28.98 28.92 28.92 28.94 
28.72 28.74 28.61 28.65 

741 739 741 7M 
64.92 67.39 72.36 68.22 

500,013 5 19,062 557,350 525,475 
310.378 322.050 341.884 324.771 

c-25 



Appendix C: Sample Calculations 

PLANT YATES 
ESP OUTLET/lUDIONUCLIDES 

uct Dimensions (ft) 
Tube Correction Factor (Cp) 

ry Gas Meter Calibration (Yd) 
ozzlc Diameter heheal 

k wr8ge sq”lrc root of &It8 p 
venec delt8 H (” HZ01 

Aver& Stack T&w&e (F) 
Average DGM Temp 0 
Tert Duration (minutes) 

,% co2 

solute Stack Preiiuk (” ig) - 
solute Stack Temperature (R) 

APE TIE DHD - 
< 0.001 0.005 0.005 - 

0.007 0.003 0.005 - 
11.3 x 11.3 11.3 x 11.3 11.3 x 11.3 - 

0.84 0.84 0.84 - 
1.005 1.005 1.005 - 

0.1970 0.1970 0.1970 - 
29.53 29.55 29.42 29.50 
-11.01 -ll.Ol -11.01 -11.0 

718.51Oi 658.079 i 667.090 1 681.226 

81.4 
624.352 

9.6 
28.92 
28.74 

743 
68.51 

527,706 
325,606 

28.92 
28.61 

742 
69.48 

535,180 
327,622 

9.6 
28.94 
28.69 

743 
71.15 

548.030 
337,726 
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Appendix C: Sample Calculations 

PLANT YATES 
ESP OUTLET/EXTRACTABLE METALS 

itill Leak Rate 

mgc square mot of delta p 
rage delta H (,, E20) 
rap Stack Temperature @I 

ue Gas Moisture (‘A.) 
Molocdar Weight (Wet) (g/g-mole 

St8ck Pressure c’ lig) 
Stack Temperature (R) 
Gas Velocity (f/w) 

-11.01 -11.01 -11.01 -11.1 
906.5001 948.750 t 812.605 t 889.28, 

81.2 81.4 81.0 81. 
861.084 898.627 762.923 840.871 

9.2 9.6 10.0 9.1 
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appendix C: Sample Calculations 

PLANT YATES 
STACK/MODIFIED METHOD 5 

Gas Meter Calibration (I’d) 

olmdar Weight (Wet) (%g-mo 
ute Stack Pressure (” Hb) 

13.01 - 
0.84 0.84 0.84 - 

0.994 0.994 0.994 - 
0.1960 0.1960 0.1950 - 

29.31 29.34 29.19 29.2I 

81.01 80.61 81.31 81.C 
114.1711 118.1291 116.2371 116.175 
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Appendix C: Sample Calculations 

PUNT YATES 
STACK/METHOD 23 

NY Gas Meter Calibration (Ydf 
ode Diameter (iicbu) 
arumetric Prcarure (“Hg) 

ndcnsed Water e, 

utc Stack Pressure c’ Hg) 
Stack Temperature (R) 
Gu’Veloci@ (fkc) 

0.84 0.84 0.84 - 
1.029 1.029 1.029 - 

0.1950 0.1950 0.1950 - 
29.31 29.34 29.19 29.28 

-l--l-H a.5 -0.5 0.5 0.5 
114.442 118.294 115.263 116.000 
0.7956 0.8141 0.7932 0.8010 

0.79 0.82 0.78 0.80 
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Appendix C: Sample Calculations 

PLANT YATES 
STACKALDEEYDES 

Gu Meter Calibration (I’d, 
ozzle Diameter (inches) 

e P-rr (“End) - 
oter volume (ad) 

root of delta p 

te Stack Pmsawe (” He, 
Stack Temperature (R) 
Gas Velocity (f/see) 
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Appendix C: Sample Calculations 

PLANT YATES 
STACWT’SD 

eter Vobme (da& 

Stack Pressurn (” Ed 
Stuk Temperature (R) 

p Gas Velocity (f/s@ 

DN DN I DN 
0.008 1 0.002 I 0.0041 - 

a.5 a.5 a.5 a! 
519.949 609.370 557.093 562.13: 

0.8000 0.8367 0.8367 0.824! 
0.80 
125 

I 0.87 
128 

I 0.87 
128 

I 0.8! 
12: 

%.O 95.7 94.9 95.i 
987.0 1133.0 1080.0 1066.: 

10.2 10.8 10.2 10.r 
8.8 8.6 8.5 8.t 

81.0) 80.6 I 81.3 1 81.C 
481.7611 565.595 1 515.177 1 520.84~ 
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Appendix C: Sample Calculations 

PLANT YATES 
STACKMULTI-mTAJ.S - PARTICULATE 

tet Tube Con&on Factor (Cp) 
Gas Meter Calibntioo (Yd) 

ctcr Volume (da@ 

Molcadar Weight (Wet) Wg-mo 
tc Stack Pressure (,, Hg) 
tc Stack Temperature (lC) 

Gw Velocity (lkc) 

0.84 0.84 0.84 
1.029 1.029 1.029 

0.1950 0.1950 0.1950 
29.33 29.36 29.21 

-0.5 I -0.5 I -0.5 
114.1901 113.4061 115.002 

29.30 
-0.5 
114.199 

li4.55 103.51 
7.83E-03 4.83E-O: 

t 
1.12E-06 6.90E-O: 

2.46 1.5( 

416.7 
0.0322 
0.0016 

11.6 
7.4 

81.C 
111.035 

15.c 
28.31 
29.17 

59( 
48.4 

385,419 
I 285.491 

103.74 1 103.9: 
5.12EJJ): ~ 5.93Ea): 

14.6 
28.34 
29.26 

5% 
! 48.3: 

384,920 
I 287.814 

~ 7.31E-O; 

406.6 
0.03&C 
0.005; 

11.3 
7.5 

81.1 
112.15i 

8.47&O: b 1% 
14.64 
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Appendix C: Sample Calculations 

PLANT YATES 
STACK/ANIONS 

itial Leak Rate 

Gas Mctcr Calibration (Yd) 
Diameter (inches) 
ctrlc P-rc (“Hg) 

-1 3 I Average 

< 0.001 
13.0 I 0.84 

1.006 

< 0.001 < 0.001 
13.0 13.0 -H 0.84 0.84 

1.006 1.006 
0.1950 

29.21 I 
-0.5 

61.975 1 0.8183 
0.74 
133 

29.3C 
-0.i 

61.611 
0.7913 

0.71 
133 

91.11 104.5 I 100.3 I 98.f 
134.01 13l.Ol 130.0 I 131.; 

11.2 
‘;:‘,I ‘:::I ‘::!I 7.1 
81.31 81.21 81.0) 81.: 

59.157 i 55.834 1 57.465 i 57.486 
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Appendix C: Sample Calculations 

PLANT YATES 
STACKlAMMONU-CYANIDE 

Gas Meter Calibration (Yd) 

Stack Temperature 

ue Gas Moisture (*A) 
ar Weight (Wet) (g/g-m01 
ck Pressure (” Ii@ 
k Tempcnture (R) 

le 

1 I 2 I 3 1 Avemgc 

0.84 0.84 0.84 - 
1.006 1.006 1.006 - 

0.1950 0.1950 0.1950 - 
29.33 29.36 29.21 29.3C 

a.5 I 4.51 a.5 I -02 
61.7811 41.3121 43.5051 48.W 

7.8 7.4 7.4 7.: 
81.3 81.2 81.0 81.i 

58.984 38.698 41.440 46.374 
14.3 14.5 15.0 14.t 

28.33 28.36 28.33 28.34 
29.29 29.32 29.17 29.2f 

592 593 595 591 
45.78 46.59 47.98 46.71 

364,612 371,043 382,091 372,582 
272,827 276,537 280,900 276,755 
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Appendix C: Sample Calculations 

PLANT YATES 
STACK/RADIONUCLtDES 

ate 

R 
une Start 
#me Fiirb 

Gas Moirture (%) 
Molecular Weight (Wet) (g/g-mole 

StackPressa~ c’ H@ 
Stack Temperature (R) 

wage Gu Velocity (fhec) 

JEH JEH JEH - 
< 0.001 0.010 <O.Wl - 
< 0.001 0.009 <O.OOl - 

13.0 13.0 13.0 - 
0.84 0.84 0.84 - 

0.994 0.988 0.988 - 
0.2400 0.2400 0.2400 - 

29.33 29.33 29.36 29.34 
-0.5 I -0.5 I a.5 I -0.5 

599.556 1 654.007 i 6%.609 1 650.057 
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Appendiw C: Sample Calculations 

PLANT YATES 
STACKDXTRACWBLE METALS 

Gu Meter Calibration (yd) 

N2 
e&r Volume (drf) 
UC Gu Moisture (%) 

Weight (Wet) fg/g-mole 

p Gas Vcldty (fkc) 
Flew Rate (aclm) 
Flew Rate (dscfm) 

0.994 
0.2400 

29.33 
a5 

818.991 1 0.7874 
1.78 
1291 

1.029 1.029 - 
0.2400 0.2400 - 

29.33 29.36 29.3 
-0.5 4.5 4. 

i--l- 600.910 618.386 679.42 
0.8000 0.7616 0.783’ 

1.75 1.58 1.7 
125 126 12 
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Appendix C: Sample Calculations 

PLANT YATES 
STACK/CJiROME VI 

u Motor Calibration Cyd) 

e Gu Moisture (‘/.) 
Weight (Wet) (g/g-mol< 

“lf,.5; ) 6:;$3 1 6/2;2 1 : - 

“iE!I “;‘93 “iY.~l i9.30 
-0.5 -0.5 a.5 -0.5 

68.563 66.971 69.589 68.374 
0.7658 0.7689 0.7868 0.7738 

oi;;l 9-a 93 “iii 
90.5 90.7 87.5 89.6 

144.0 144.0, 146.0 144.7 
10.9 11.4 11.6 11.3 
7.8 7.4 7.4 7.! 

81.31 81.21 81.01 81.1 
64.1841 62.7381 65.2421 64.054 

14.3 14.5 15.0 14.6 
28.33 28.36 28.33 28.34 
29.29 29.32 29.17 29.2t 

587 590 590 581 
46.24 46.50 47.74 46x 

368,270 370,354 380,212 372,945 
277.922 277.614 281.887 279.141 
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‘.lXZIED METIi~jS 5 ;iELt’ LI:.TA SilEET 

PLANT NAME pbt ~atcr Station Boiler No. I 

STATIC PRESS 

L 
E ‘75 1 .‘ds I/?7 I 83 I 70 1 2qci INS I50 6.0 +r 

.4 I I.1 I 199 Is?4 I 7R Izsx I-z+9 I cc3 7.0 L/r 
I I <RI I144 I z*SItd’) 150 7.0 J/ 

.ds .76 rgz 96 SD zsr ZLO I So 6.6 4 I 
.13 -5&5.9 I60 V6 8) ZJS- zct4 I 51 6.0 41 
s 7LL 

1411.95 
R llYl9 

4.-, . -~ 
3-l ~611 q17.9 .sq 

2 1525 y70.5 .45 .Sfi ~$0 8; 
I 

3 (~527 3rz.b I. 2 1.25 28b 1744 I 
31 gt jzsq 1 zs5 1 56 !LS 15’ r-; 

- , -- (_~ ,__., -- ,*. , , 
I I I 1 

CONSOLEW tb,%+ 
FILTER X 
AMBIENT TEMP. 
PROBE LENGTH / 2 
LINER MATERIAL 61,454 

REMARKS 
kJboz2\%0 zrn I\\ ,~ ~.~ ~. - \.\ 

L%mJ 



~~lOD!tXD XIETHOD j FIELD Y&T.\ SHEET 

PLANT NAME Pknr Yates Station Boiler No. 1 

min. 
INITIAL LEAK RATE cfm 

PTCF DGMCF NOZZLE DIA. F,NAL LEAK RATE cfm 
BAR PRESS ’ Hs 
STATIC PRESS ” HZ0 OPERATOR 

, , , 
m 

‘,.957-I ‘- I 
I -- , ,- ,. 

I I I I I I I I 

CONSOLE Y 
FILTER X 
AMBIENT TEMP. 
PROBE LENGTH 
LINER MATERIAL 

REMARKS 

C-44 - T, 



MODIFIED XIETHOD 5 FIELD DATA SHEET 

PLANT NAME Plant Yates Station Boiler No. L Page 

RUN NO. 2 
&(IIIME FINISH kZ’t-/ TESTDUm r40 min. 

INITIAL LEAK RATE 
inches FINAL LEAK RATE 

r~ 

““err Clock 
mii The mading N in Ii20 

..- , -- , - ,--- ,--- 4 c(7 
,..l.c I I I” I I 

6 I- 
127‘/.0 I/.7- 1 ILt< I?%3 i + ‘6;21;;; I&j ‘+e j6.ojsa .- -- 

6 lIdI/ 1577.1’1’ II.7 I&- I& 1 i 
7 1 lOI/0 (%I3 1 -8 I .84 17a1 I c 

58 8 I ZJl z+c c(s 6.a so 
r;a I 34 5.33 t&r 1 tss Fe 5.0 so 

I c/4 u7 A,561 250 kl q9 

1257 l2.<3 164 Is.3 Isc 

CONSOLE # 11. /3L f 
FILTER # 
AMBIENT TEMP. 
PROBE LENGTH 1 t 
LINER MATERIAL 6Ipe 

C-45 



PLANT NAME Plmt Yaws Station Boiler No. I Page Y& of & 

$,52$AnON atkt 
%y--oN;lmr x 

RUNNO. 2 
--‘4 START TIME FINISH _ T __ ,‘EST DURATION min. 

DIAMETER INITIAL LEAK RATE cfm 
FTCF DGMCF NOZZLE DIA. inches FINAL LEAK RATE cfm 
BAR PRIW * Hn 
STATIC P i;Ess -- L-l20 OPERATOR 2 B 

MODIFIED AETi-IOD 5 FlELfi DATA SHEZ 

CONSOLE Y 
FILTER x 
AMBIENT TEMP. 
PROBE LENGTH 
LINER MATERlAL 

REMARKS 

C-46 



hrt.JD1FiE.D METHOD 5 FIELD DATA SHEET 

nLANTNAME plant Yates Station Boiler No. 1 Page Iof t - 
PIIN N" z 

TIMEFIN'ISH“i;;., 
DIAMETER 

~ESTDURATION 2tf7 
.L@I 7 

INlTlALLEAKRATE -@,L'!ft 
inches FfNALLEAKRATE .o<& cfm 

- OPERATOR 06 STATIC P 

I .- 
4v 
4s 

12°C t50 q-l 7 
F ti3o I.?52 

cl 

260 qg 7 22 
‘1 6 4% 

I 



MODiClED XCTHOD 5 FlELb DATA SHEET 

‘PLANT NAME plant Yates Station Boiler No. I Page z of z- 

RUN NO. 
TIME FINISH 

- 

- 

~Mw-5 
TEST DURATlON min. 

DIAMETER INITIAL LEAK RATE cfm 
NOZZLE DIA. inches FINAL LEAK RATE cfm 

BAR PRESS ” Hg 
STATIC PRESS ” Ii20 OPERATOR 

CONSOLE X 
RLT!8R X 
AMBIENT TEMP. 
PROBE LENGTH 
LINER MATERIAL 

REMARKS 

C-48 



.\IODlFIED MTidOD 5 FLELD GAYA SilLI 

PLANT NAME Plant Yates Station Boiler No. I 

FINAL LEAK RATE 

STATIC WZS.3 -I/. 0 OPERATOR 

::i. :: :., :: 
.::: /: :.:; ,: 

c-49 



*k-d SOL-IKE S.aAi’LIXu FIELD DATA SHEET - 
Pw I of -- 

- HK 

Initial Le.&z Rate **//+A @O’cfm 
Nozzle Dia. d,/rQ inches Fiial Leak Rate ’ 60 5y&:rm 

^_ 
Static &rs - II * - H20 OpCratCV A- 

I,,, I _- -c, ,731 O,? 0 
B 

.7 

.7 ff. 7 
i 

CONSOLE Y /+ 61 03 
FILTER X 
AMBIENT TEMP. yp-*F 

PROBE LENGTH Id 

c-50 



>CdRCL SAMPLIIVG FIELD DATA StiST 

Plant Name Plant Yates Station Boiler No. 1 
Sampling Lp@+,, Cl L, ,i+/Ff Train _ Aldehydes 
Date f& Tiie Finish OQW Test Duration C;Lq min. 

Diameter - A Initial Leak Ratel>~~r~ odoli cfm . 

PTCF- DGMCF v ‘?‘?? Nouls Dia. ,194 inches Final Leak Rate/757 L&,Zr cfm 

Bar Press 2740 * Hg @ 9’, 
Static Press - // ” HZ0 Opsld0r P/r 1. 4% 

Papc 1 of _ 

m RunNo. 2 _ 

( Clock ~Drygwmeter~ -P 1 ‘H 1 Stack Dtyg as mcrcrtemp.~~or box 1 Probe 1 Last 1 VT~~ I] 
~~~ reading 1u 1 in H20 1 in HZ0 1Temp. F] Inlet Outla ) Temp. 1 Tcmp 1 Impinger] in. Hg 11 _ 

177 

1259 I 

CONSOLE Y AM&3 
FILTER I 
AMBIENT TEMP. 
PROBE LENGTH 
LINER MATERIAL 

REMARKS 
c-51 



SOLRCE SAhlPLING FIELD DATA Si-IEET 

1 Plnnt Yates St; 

ut ‘0661/ 

ltion Boiler No. 1 
- Train Aldehydes Run No. 3 

ish 0909 Test Duration II< min. Tiie Fii, 
Diamacr - R Initial Leak Rate q 87 cfm 

Final Lcalc Rate 

Plant Name 

StaticReos -_ I/ ” H20 opa-ator Akt% 



SOCRCti SAMPLISC FIELL) LJAiA SHE=’ 

Plant Name Plant Yates Station Boiler No. 1 
Sampling Location ‘L?TPCl ./-i-k 7- Train Aldehydes 
Due 6 -2c, -77 Time Start Tie Fiibh Tut Duration 

Duct Diicnri.--:r X Diamacr ft Initial Leak Rate 

PTCF DGMCF Nozzle Dia. inches Final Leak Rate cfm 

Bar F’resr =L ‘b 9 %Y 
Static Press - H20 operator 

CONSOLE Y 
,,... ia.~.~.~‘,, ~~~r~--i::iiii;:‘:“::ii’-::iiiiiii~~~~~~~~~~~~~~~~~~~~~ 

FILTER X ::~:::::~:_._::.:::/i;i:_::., ,~~~~-i,i;-i-;~~~~~~~~~~~~~~~~~~ 
.:.+::~ ,... :.: ,.:,::,, .:.:.:,, :.,,~.,,~, ., ,:,:, ,~,,~ ,... :.: ,.,,. :.: ..,..I :.:.:.: AMBIENT TEMP. _~~~fD~::iiii:i:‘~~~~~~~~~~~~~~~~~~~~~~~ :.:.~.“:.:.:,:.~.:.~.‘l:.:.:.:.“”:.:.:.:.:.:.:.~~~;:.:.~~.~.;~ 

PROBE LENGIYH 
‘~~~~~t:-:i:ii’“‘~~~~~~~~~~~~~~~~~~~: 

LINER MA’I?3.,AL 

REMARKS 

c-53 



SOURCE SAMPLING FIELD DATA SHEET 

Pknt Name 
Run No.- 

Test Duration 
A 

e :%I ,s;; 
Initial Leak Rate 0 

PTCF DGMCF~-. 84 NovleDin. !q/ inches 

CONSOLE H !6134b _ 
FILTERX scJ7- y 

AMBIENT TEMP. 1 t 
PROBE LENGTH 7’ 

LINER MATERIAL 5, 4. 

REMARKS J6.6&. /CA? ~.-5-hV02?.1c, 

c-54 .s+@~ 



: 

\ 

, 
\’ 

\ 
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SOURCE 5AMlUNG FIELD DATA SHEET 

Plant Name 
Swb2 Loution 

Plant Yates Station Boiler No. 1 
Train VSD 
Tie Finish 

Diameter 

Run No. -3 
Test Duration fob min. 

Bar&s 7,Q. !? - Hs 
Static Press - I / ’ HZ0 

’ CONSOLE X 
FILTER X &&?“‘a ’ 

LINER MATERIAL 3, ste4 I 

REMARKS ?,,, f 7 D,,,,;v, 
I 

C-56 . 



;WRCE SAMPLIIVG FIEIX BAT.A SHEET . s 
/ pw _ or L - 

Plrnt Name ,p/ Plant Yates Station Boiler No. 1 
r.-l:.sl -A. CZCP ndlo f Trnin P*rtimnlnte I Melnlr la,,” hr.-. / c 
“““r”..e,-“,, - - . ., --. I % 

._ 
_.-... - -. ..--.-_- .._-_-- 1.1.. .I”. i 

t%f%?;:~s’” f#--- 
TicFinish 17/G 
Diameter 

PTCF I 8+ DGMCF ‘%‘7 NOZZLE DIA. . i 93 inches 
R ~~2%2~~ 

) 
Bar Press 25 s s ’ Hg 
Static Press c II I 0 * HZ0 OpWt0r RVCrs Clock - p I ^ H Suck Probe Last 

- -., y- -- -- -~- - 

JO” 1 
i a2 174~ 17,71/-< 

CONSOLE Y 

FILTER H 
AMBIENT TEMP. 

PROBE LENGTH 
LINER MATERIAL 

-jWtf=Fn- 
REMARKS 

c-57 



SOURCE SAMFLISC FIELD DATA $HEET 
P.getf ZL - 

ation - @ min. 
t initial Leak Rats cfm 

Plant Nnme Plant Yntes Station Boiler No. 1 
Samptic LOG&I FSf Out//k Train Particulate / Metals Run No. -L 
DDls Time St--t Tic Finish Test Dur 

Duct Dimedons X Diameter - 

PTCF DGMCF NOZZLE DIA. mches Final Leak Rate 

Bar Rerr - HE 
static Press ” HZ0 

Vacuum I 1 
Temp. 

q-t? hl$ 

‘1 10s 
c 103% f-i0 UU 279 1 43 j BT ( z$q 11’ 

St !&?a ~253~26~~56 15.01 
16 ( 5t j5.b ( 

92.07 Il.3 II*3 lZgol43 IS9 

Q 
I.90 ~ZSoIZ~3l4-~ IS.0 

3 ] iZS3 i45 

IS2 I257 I.?44 Iits IS.0 I 
0 I98 I qz. IzJ7 Izq5l+8 15.0 I I 

2s2 49 5.0 1 

u 
ItifLn 

I 17 z44 ‘i8 s 
I I I I I I 



SOURCE S.-WPLlSG FltLD UATIA SfET 
PWj&f~ 

NO. L L ----- - 

_ Test Duraion 2% min 

Plant Name Plant Yates Station Boiler No. 1 

riven Clock Dtygasmucr ^P ^H Stack Dry gas meter temp. Hot box Probe Last Vacuum 
P&t Tiie rudiig Il.? in H20 in H20 Temp. F Inlu. OUtI.% Temp. Tcmp Impinger in. Hg 

SJ zcz 5-6 4.0 1-81092~5 9ss.3 .bs’ .GS 270 7s 7s 22 
7 I@30 9Cl .e 81 -I5 zs5lu0Ie~ 

135 
S! 

963.85 :&I .‘S8 
$8 77 

J 5 
7: 1 

24, 

I4.0 I I 

l976.065 I / .o . ,_ 
I c3 I .57/ I214 I si 

-rc , I I I 

re I66 12.53 1252 158 14.0 1 
!97_s.53 ! .gfJ I .7 ,4, g \ 1256 I255 IS7 14.0 1 

(,,-.,- , ..” , ..Y I-“. , l, ,&., I-., I-. I 

.6/Q) I?;” 

:I47 I2z4 IZc..l.c7 Id-Dl I 

,,.,,,,.,.., .,.., 
CONSOLE X 

i~..~~ ,..,.. ~~~.~ .._~....~..................... ,.,...,....... ~.i ,... “..~~ ,-~~~i-i:i:i:ii;:,-i’~-:-‘i::‘i~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

FILTER I ‘D~~iri:l’~~~~~~:~~~~~~~~~~~ 
‘~:~,~: ,i’:.l~....~....,:,:.:.~~:.,..~ .,,., ,...... .,..,. ~::..:.:. .., 

AMBIENT TEMP. ,,~~~~~~~~~~~~~~~~~~~~~~~~ 

PROBE LENGTH ,~~~~~‘~~~~~~~~~~~~i~~~~~~~~~~~~~~~~~~~~~~~~~~ 

LINER MATERIAL 

REMARKS 

c-59 



SOtiRCE S.UiPLISG FiELD DATA SilEET 

Plant Name Plant Y&s Station Boiler No. 1 
Sampling Location r) 1) t llorl Train Jnrticulate I Metals Run No. 
DltC Time start Time Finish Test Duration 

Duct Diienaioru X Diimuer A Initial Leak Rak 

PKF DGMCF NOZZLE DIA. inches Final Lwlc Rate 

Bar Rsrs - Hg 
Static Press - H20 operator 

min. 
cfm 
cfm 

-I\ 

93 

CONSOLE X 
FILTER I 
AMBIENT TEMP. 
PROBE LENGTH 

LINER MATERlAL 

REMARKS 

C-60 
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SOL’ACE SAMPLi.LG FIELD DATA SHEET 

Plant Name Pla mt Yates Station Boiler No. 1 
w 

ii2%%7? ~pz; 
Anions 

/n/c Time Fiiirh Test Duration .,I 
A Duct Dimensions I/ 7.’ x 

F’TC’TCy.-S;-DJiiCFo. .c,Li/‘:ulcDi.??-% inches Final Leak Rate . 00 76 
y,jJ Hg 

ij$= /!nh stntic Fvesr -I/ ‘HZ0 0pem.m -f 

zr @E 2F7 
a3 z<T? 

LINER MATERIAL 

REMARKS 

C-69 



SOCRCE i&\WLlSG FIELD DATA SHEET 

Plant Name Plant Yates Station Boiler No. 1 
Train Anions 

III 3 Tie Finish /2 ? 2, Test D,,z” No* % min. 

Vacuum 

r in. Hg 

I I I I I I I I I 
I I 

AMBIENT TEMP. 
PROBE LENGTH 

LINER MATERIAL 

REMARKS 



SOURCE SAMPLING FIELD DATA SHEET 
Pl@)“f__L 

Plant Name 

Node Dia. . ZZC, inch= Final Leak Rate .004~lO” cfm 

BarPl-eds 29.3 - Hg 
Static Press- i 1.9 - HZ0 operator J3b 

pmven 1 Clock 1 Dry gas metes ‘P 1 -H Stack 1 Dry gas meter templ ] Hot box 1 Probe Last I 
Tie I rrrding A3 I in H20 1 in H20 ITcmp. F! lnkt 1 Outlet 

m I . 

CONSOLE Y 1b,l yb3 
FILTER I L(o) 

AMBIENT TEMP. 
PROBE LENGTH 
LINER MATERIAL 

REMARKS 

c-71 



SOtiRCE SAUPLISG FlELD DATA SHEET 

Ptnnt Name Plant Yates Station Boiler No. 1 
Sampling Location CSP pal- Train 
Date d&q 3 r43o Tii Start Tiie Finish 

Duct Diiensionr X Diamucr 

PTCF DCMCF Nozzk Dia. 

Bar PTUS - Hg 
Static Press ’ HZ0 OpcWX 

Anions Run No. && 
Test Duration min. 

R Initial Leak Rak cfm 
inches Final Leak Rate cfm 

CONSOLE W A (6 /-36V 

FILTER Y 
AMBIENT TEMP. 
PROBE LENGTH 
LINER MATERIAL 

REMARKS 

C-72 



SOURCE SA.\IPLISG FIE1.P DATn SHEET 

initial Leak Rare -0 
NoulcDia. . 22.3 inches 

Bar ?resr 29.55 ’ Hs 
Static Ru; I/. 0 ’ HZ0 

LINER MATERLAL 

c-73 



Plant N;unwsq’ 
Id 

Plant Yates Station Boiler No. 1 
Train 
Time Fiih - 

i@x’cf!n Dwdnsnsi&~ ; ! .4’ x ;:.y, Diamacr -~ R Initial Leak Rate 3 

PTCF DGMCF !,m Nozzle Dia. .2 2 3 -& inches Fiial Leak Rare d*‘% F/1’ cfm 

SOURCE SAMPLING FIELD DATA SHEET 
I 

Barbs 2-?.Ft ” e o.y& 
Static Press 6) ” H20 

CONSOLEX 1 b@‘3 , 
FILTER X 
AMBIENT TEMP. / 
PROBE LENGTH 
LINER MATERIAL 

REMAP.KS 

c-74 



SOLRCE SAW’LING FIELD DATA SHEET 
Page /al- 

Plant Name Plant Yates Station Boiler No. 1 

g:%F T,;;; 

P,-CF f$‘+ DCMCF 1992 

Run No. 2 
Test Duration err min. 

R Initial Leak Rate . 0 I p3 Id’ cfm 
Final Leak Rate .0070/Z” cfm 

~armr 29.3 ' Hg 
Static Press - I I d ” H20 

Clock 

Y 
,-??I49 1 

I I278 ILO1 67 ‘zs, 

I 

CONSOLE X /I51403 

PROBE LENGTH 
LINER MATERIAL 

REMARKS h-de hh2~k b&ore run 4Lu;ct.c\ kl $ tt9 



SXRCE SAMPLXNG FIEL13 DATA SHEET 
/ Pw _ of- 

Plant Name Plant Yates Station Boiler No. I 
sampling Location ESP OLC tie t Train Ammonia/Hydrogen Cyanide Run No. ,& 

Tie Finish Test Durarion _ min. 

Duct Dimensionr X Diameter A Initial Leak Rare cfm 

FTCF DCUCF Naalc Dia. inches Final Leak Rate cfm 

Bar Press - Hg 
static Press ” HZ0 



Plant Name 

SOURCE SAhlPLI.XG FIELD DATA SHEE? 

Plant Yates Station Boiler No. 1 

E.sP OUTLET 

Page I -of 74 - m 
Find Lak Rn:e 6. 

?.u.nlic mr d// ’ H20 Oper?mr aaz I’ c+ 

CONSOLE X 
FILTER Y 

AMBIENT TEMP. 
PROBE LENGTH 
LINER MATERIAL 

f++ 909 

$’ 

REMARKS 



SOL’RCE SAMPLISG FIELD DATA SHEET 
ESP OWLET 

Plant Name Plant Yates Station Boiler No. 1 _ 
Train Bulk Particulate-Rndionuclides Run No. & 

Date t&b!43 TLn+?Sun /OrL, Time Finish 2 ?bet? ‘Test Duntion min. 
p..-. ,:-A:-. fl,W 
YUSL uurlsuyu= ,l I 

Y . rr’UY 
I. -II I 

ni.mr,rr 
-.“.*a---. - A Initial Leak Rate ma If $1 cfm 

FTCF ,tbq DGMCF I&OS Nozzle Dia. .I ?? inches Final Leak Rare d.ti@ 5’ cfm 

Bar Press *.ss - Hz 
Static Press - .-I I * H20 

PROBE LENGTH 

LINERMATERIAL 



SOURCE SAMPLING FIELD DATA SHEET 
ESP OunEr 

,A. pw _ of- 
Plant Name Plant Yates Station Boiler No. 1 

Bulk Pwticulnte-Radionuciides 

A Initial Leak Rate 
DGMCF I, OOS- cfm 

AhlBIENT TEMP. 
PROBE LENGTH 
LINER MATERlAL 

REMARKS 

GcAY 

c-79 



SOURCE SAVPLI.\IG FIELD ll~‘rA SHEET 

Static Prc.8 -// operator 

CONSOLE Y 

PROBE LENGTH 
LINER MATERIAL ’ 

REMAMS .230 ,230 .L30 , , 

C-80 Ml- /‘wv@ c61oOplvto - 
-@ 413 



SOURCE SAhlPLISG FIELD DATA SHEET 
ESP OUTLET 

page &of - 

Inihi Luk RSC 

REMARKS %fd t(d)0 ~~,q,pd 5&J+ 5; .L,c)\ 

C-81 



SOURCE SA\WLiSG FIELD DATA SHEET 

A Initial Lak Rate -0t& f(q’ cfm 
~iia~~eak~ate~Q~&l,$’ cfm 

CONSOLE I ,416lfi< 
FILTER H ?I/< cvklQ& 
AMBIENT TEMP. 
PROBE LENGTH 

~~~~i 

LINER MATERIAL 

REMARKS 

C-82 





SOURCE S~lIPLI,LG FiELD DATA SHEET 

Plant Name P!rc: Yates Station Boiler No. 1 

Sampling Location OezLf?- 

Da& I.I?J h Tie SUri 07Jb 

DuctDimen&s !!‘y’ X / /‘r Diamew 
FTCF .fiJ DGMCF I.oO? Noble Dia. .L 1 t 

Bar Press ICI 7-J ” fk 
StaticPreds -II - Ii20 Operator 

inches 

‘C 9 ’ min. 

R Initial Leak Rxc 0.0 G@/Z cfm 

Find Lrnk Rate 

, ruu I Y-t I \ I (r,LL t I , ,.- , -“, ._ , , , , _. - 

/.3 Iaf rotI 96 l.F?lt 
-I r, I*r.C 

IOY I 4.5 LI IL 
I ,,-a n 

1283 I9(- 

AMBIENT TEMP. 
PROBE LENGTH 
LINER MATERIAL 

- 
REMARKS f-h l-pile A-8, x 

, 
+-b a.- 

I , 

C-84 



WLRCE SA\lPLI.\G FIELD D.&I-A SHEET 
ESP OUTLET 

Pn:c -of- 1 I 
Plant Name Plant Yates Station Boiler No. 1 

Time Finish 062 7 Test Duraian 

AMBIENT TEMP. 
PROBE LENGTH 
LINER MATERIAL 

REMARKS 

C-85 



ORSAT DATA SHEET 

Plant- Plant Yates Station Boiler No. I CCNMletltS 

Lxation OI/T/ FT 

Run No. / 

Date b/21 /53 , opentor 7s 

6 
i/ 

Sorbing Reagents: cc 2) w.) CO) 

x F 
Averaged Results: 46 co2 6.3 46 02 13.1 

96 co Y-253 

Dry Molecular Weight, MW (dry) = Run #ITraind 

component J-J OYQ 

v vi;,. 

^ 
=u.44 

^ -I 
+“.,L 

(%CO2) ‘an’\ 
Date /d-2/-* hTiY?X I rn”L, Smp~Z&L.i3 
Lb OW ci&Pnalysis c6, 07 

4% h-l- F%ALlS~L- - LEAK Iti ---plruJ -=+h 

wwd 

= + + Tare Wt. Find Wt. - 

A sun& 0%’ 8.0 
co?= II.1 

C-87 



ORSAT DATA SHEET 

Plant Plant Yates Station Boiler No. 1 

Location &CF &ft/rt 

RunNo. 2 

Date b/h/93 
J 

Sorbing Reagenu: VW 

C0INtletltS 

operator 7723 /&lP 

(CO) 

Averaged Results: 5% co2 l/*2 46 02 7.9 

46 co 96 N2 $0.9 

Dry Molecular Wright, MW (dry) = 

=0.44 +0.32 +0.28 

(%CO2) (9602) (5X0 + W N2) 

Run #zTrati 0 &C 

C-88 
Lab o-n &L Analysis 
Tare Wt. Find Wt. 



ORSAT DATA SHEET 

Plant- Plant Yates Station Boiler No. I 

Location tT5P Cl4 t/e t 

Run No. 3 
Date b/23/43 

Sorbing Reagents: 

C0t-lUtletttS 

ope=mr L 

(CO) 

Replicate Original (CW (CW (02) (02) GO) (CO) 
Number Volume Reading 2 Volume Reading 3 Volume Reading 4 VOlUtX 

Reading (ml) (2-l) W) (3-a (mu v-3) 
(mu (ml) (4 

/ d. 0 /G. k /aa 6 /so &1/ 
2 4.0 /a 6 KJ.6 /4*i 8T:r 

Averaged Results: w co2 /e.b % 02 8.c 

% co 96 N2 80.? 

Dry Molecular Weight. MW (dry) = 

=0.44 +0.32 +0.28 
(%CO2) (%W (%CO+ %N2) 

= + Y-255 

Run &Train 0 c&x$ 

Component hpm 
Dat&- a34 Tie SmPlr1368 
LabAn te Analysis Co, 0, 
Tare Wt. Find Wt. C-89 



ORSAT DATA SHEET 

Plant- Plant Yates Station Boiler No. 1 C0ttUltetttS 

Location F5P AdfIef- 

Run No. Run 2-l i&n \ QLM 2 

Date . - operator 03-v 

Sorbing Reagents: (CO2) (02) (CO) 

Averaged Results: w co2 /id 2 96 02 7, 6 

w co 96 N2 

Dry Molecular Weight, MW (dry) = 

L 

c-90 

=0.44 +0.32 +0.28 

(WCO2) (%W (46’20 + W N2) 

Component ‘~SCLQ 
Date&&?+ Time IsYr, smp~~-i-.JS=, 
Labon Sk.k Analysis (‘r, , 07 
Tare WUg) Find Wt(g) 



ORSAT DATA SHEET 

Plant- Plant Yates Station Boiler No. I 

Location .G? C!kf/Cf 

Run No. D/?&t? 2 AL.7 2L 

Date / Lz/26/G3 
I I 

C0UtUtetttS 

opentor 

Sorbing Reagents: 

Averaged Results %CO2 /It/ % 02 as- 

% co 96 N2 

Dry Molecular Weight, MW (dry) = 

=0.44 +0.32 +0.28 

(%CO2) (so2) ,“__ n .I,.\ 

Y-406 
= + 

+ -Run #&Train o&k& 

mpkS 
Analysis a, 07 

T=e’Tg) Ah Final Wt(g, &a c-91 



ORSAT DATA SHEET 

C-92 

Plmt Plant Yates Station Boiler No. I COUlUl~tltS 

O&kf- 
RunNo. 2-3 

Date ~p~/~-: opeG310~ ;T;?/1p 

Sorbing Reagents: (02F (CO) 

Avenged Results: 46 co2 /I- Y % 

96 co 46 

Dry MoleculnrJVeight. MW (dry) = 

02 ?.4G 

N2 

=0.44 +0.32 +0.28 

(%CO2) (9602) (% 

= + + 



TRAVERSE FTELD DATA SHEET 

PlantName Plant Yates Station soiler No1 Shck Dinmeter II I’#“’ X I I ’ q” 

Sampling Location- E 5? D”fLC Sample Pan Diameter q“ 

Date hL- \9- 93 Sample Pan Depth )I 

Op‘XDX i?hh i-rti- Dirunce Upstream 

Distance downstrum 

DYCIOYI,.I.l~..(Y,-,LD-YIC,,~t.~., 

.,1 31 1.‘ 2~. 
Y 

/ I / I 

I 
*wC*l* “UI” li 1oa 

..e_..^... A. .I-*.. ^. - 
*J 2 ..i -._.-I-----.------.. 

111 
;I &quI” 
!It ,‘ 0. 25’ , IL 
4 ;r ,.,’ wmm,m.m,mmyJqEj oIs~“Mu.cz Iy*D. LYAUJIII. CDIlYCllDI. ,*u 

r: ’ I , 2 > . : L f 1 I 1. I 

I Nr-r ,rawm, l m”. 01 *-let 
ivnen. rbl ta-, I 
/ I 11 .I 61 I I 70 I 12 i -4 / ts i II I sa I z2 I 24 

I I I / I I I I I I I I 
,I..# I 6.I / 4,. , 32 I 7-6 I L1.I $4 I 1.6 I (.L, 1.3 I I.1 I 1.1 

2 I 8%. 2l.D / 7.4 t to.1 I a.2 I a.7 / ,.I I ..s I ..A , 34 I 2.3 , -3.2 
‘1.0 I R.‘, IS.4 I I . ..I 11.1, a.*, *.I I 1.1, ‘7 / a.0 I +s 

i 4 , L. _.- - =3 IT”. I =,, / 0‘ I 1,., , 1.4 I 7zs I IO.. I 1.1 1 a., I 7,s 
I I 1s.. I a,., ,362 I a.0 ,a., I I‘S , 11.. I TLS , II.‘, 10.‘ 
6 a* / 80. ,I I a.. I as‘ I XI I ZZLO I 11.8 , le.1 , 1.4 I 1L1 
7 / “.I, n.4 , Y.. , Y.. , PI.3 I a.. / 8.. 
8 SC, (85. , I! 

I Travefse Points 

171 I 171 I 
I 181, 
1 I 

EiEl 1 / 
22 I 
2: I i 4l / 



/ of3 

VEWCITV PROFILE FIELD DATA 

PlantName - G’i@q - 
Sampling Location 1, 

Duct Dimensions 
PTCF x 

BarPrk?!-“Hg 22’ *y %N2 
Static Press. --I( “HI0 %CO, 52 7.0 % HZ 
Operator lnitialr .lwPt RdL3 % 02 7.4 % CH, 

P L&4/ IS c4fL-f ,h 
SuCk Tmo. *F 

n. 

Ft. #I I Y I Am 

Weather 

Remarkd 

lz!“f~y + T.Y~, c s0.G % ‘, 30.23 

c-94 . 9.1' Ff- i ,t'i.96 = ,z-; 6‘-- 443 320<-f’ ; 
5 - p.f,iA 



VELOCITY PROfilE FIELD DATA 

Plant Name - 
Sampling Location ~ Sample Ident. 
Date -(MMDDYY) Time Start -(HHMM) Time Finish -(HHMM) 
Duct Dimensions -x ft. or Diameter ft. 
PTCF ~_ %H,O _ 
Bar Press. “Hg #CO % N2 
Static Press. * Hz0 % CO, % H* 
Operator Initials % O* % CH, 

c-95 



3 @f3 

VELOCITV PROFILE FIELD OATA 

Plant Name - 
Sampling Location Sample Ident. 
Date -(MMDWY) Time Start (HHMM) Time Finish 
Duct Dimensions ~-x~ft. or Diameter 
PTCF - % Hz0 
Bar Press. ” Hg % co % N2 
Static Pmss. ” $0 % co, % HZ 
Operator Initials % 02 % CH, 

(HHMM) 
n. 

C-96 
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; - .\13DLFIX hlET:dD 5 FIELD DAT.A SHEiIT 

PLANT NAME _ Plant Yates Station Boiler No. I Page I al I -- - 

PTCF 0. 84 -DGMCF 0~. 444 NOZZLE DIA. 0. FINAL LEAK RATE 0.0~~ s 
BARPRESS 24.31 ‘HS 
STATIC PRESS - 0.5 ” HZ0 OPERATOR E;E 

Point 
Clock 
Tim 

Dly pu meter ‘P ^H Suck Dry g.r meter lemp. Hot box Pmbc ,a,, VW”“Ill Cd. 
mading 113 in HZ0 in Ii20 Temp. F I&l OUllC~ Temp. T-v Impinger in. Hp Eli, 

Trmn I: 

~d-r ) 13 4517ti7.rlo lo.75 lo.q34llzy 189 1252 I52 
113 55 1742.550 lo.74 l6.Q Im 191 Is+ Tzsi It&- I4 

I\‘-2I/405 I 
-~‘b 4.0 4.0 

747, 7% IQ75 bfi34 lr24 I45 I8Li 12% Itc;t I +i a.s n 
l/Y 15 1803~iU0 16.75 l0.5+ It24 I97 127 125~ lZL3150 4-f 39 

‘0 4.3 &/ 
A/ 

r ’ 
I I I I I I I I I I I I 

REMARKS 
P/l-N l-bla5m cctw $2, 

c-101 



:C-3DIFIiD METHOD 5 FIELD DATA SHEET :,., ‘i _. .~ ,l.< 
~.; 

PLANT NAME Plrd Yates Station Boiler No. 1 ke - I ofl- 
~_ .;:’ 

RUN NO. 2 
:, ,(;,C&F 

.3,p: 
TIME FINISH I 
DlAMETER + ~~‘~“l!!&%!ATI%‘~3U& 

FTCF a+f DGMCF 044’i 
BAR PRESS 29,?4 ” H6 

NOZZLE DIA. (7. iqb inches FINAL LEAK RATE 0’0*0 c 

STATIC PRESS - o-50 ” Ii20 OPERATOR = 

nvew Clock DTy gas mter ‘P -n Suck Dry g.r macr temp. Ho! box Pmbe Law 
POkt Tim ruding IU in Ii20 in H20 Temp. F Illlet OUtILl Temp. Temp Impinger 

L 

flLTER X 
AMBIENT ‘ITMP. 75’pad 
PROBE LENGTH h/ 

LINER MATEFUL Gods: 

CONSOLE X k/h f 361 

REMARKS 

c-102 



MODIFIED YviET;iQD 5 FIELD DATA SHEET 

PLANT NAME Plant Yates Station Boiler No. I pas - I 1 of- 

RUN NO. 3 
TIME FINISH ITEsT 240 

NOZZLE DIA. d 1% 
DIq-‘.ER ,i’F-z; ;~;;N;~;\;$;EE “,-: L T;;;z 

r- 
STATIC PRESS - O’C ” H20 OPERATOR C-C 

I (ogoe bb5.o/o.IO.bb 

I 
-” , --- ,_ _- 

I I I I I I I I I I I 



XlC~lFIET !.lEiHC;D 5 FiriD DAT'A SHELT 

PLANT NAME Plant Yates Station Boiler No. I Page1_of_L 

SAMPLING LOCATION skck RUN NO. Fo 
DATE oc . ~93 TIME START 

+ 
TIME FINISH ,n,,r TEST DURATION 0 min. 

DUCT DIMENSIONS DIAMETER 3 INITIAL LEAK RATE 
FTCF o. 8‘i DGMCF 0.99’i NOZZLE DIA. ~nchss 0, 19~57 FINAL LEAK RATE 9 
BAR PRESS ” 4 
STATICPRESS - ’ H20 OPERATOR fxrv W#W 

CONSOLE H c) 16, SC I 
FILER X 
AMBIENT TEMP. so+ 
PROBE LENGTH 6’ 
LINER MATERIAL G/C& 

REMARKS 

C-104 



fi;-ez $/ ;i . lil’i. 
SULRCE SAXII’LISG FIELD DATA SHEi 

P.pe 1 of L 

Plant Name Plant Yates Station Boiler NO. 1 
Sampling Loution 65 y Aldeh des Run No. & 
Date a.~,. 93 TiiSW7 I340 Tic Finish I -foe Test Duration %.II min. 

Duct Dimensions X Diameter IS ’ R Initial Leak Rats o.oo, c 1s v cfm 

PI-CT o.vd DGMCF 1.00~ Nozzle Dia. 0.1747 inch- Final Leak Rate ~&WI” c ” cfm 

Bar Press =,. II ” Hg 
Static Press -0.f ” H20 OpW0r OIJ Ic- 0. 7YCY 

CONSOLE Y h fd 13C7 
FILTER I A4 
AMBIENT TEMP. 
PROBE LENGTH 
LINER MATERIAL Cle+5 

REMARKS 5.,./c e. zec.. 4. # ~ IC /I 4:L.rJ o?- 

c-105 



6; 5OL'RiE S.~~rlPLlNG FIELD D.iT.4 WEET 

Plait Name Plant Yates Station Boiler No. 1 
Sampling Lxuion STkK Train Aldehydes Run No. 
Dafe~*~-93 TiiStafi o-115’ Tie Finish 07Yzi Test Duration 30 min. 
Dud Dime,,,&,,, X Diimem R Initial Leak Rnle o.Oa3 13 

Fl-CF U.BC( DGMCF 1.00 G Nozzle Din. a. 17~ 7 inches FiilLwkRate<0.bc7/a’I 
#,$w 

Bar F%esa z?.ar( ‘Hg 
sl&cPress -0.7 ” H20 OpelWX OIV Y = 0.77s.3 

CONSOLE Y AGI367 
FILTER X /VA 
AMBIENT TEMP. 70t 
PROBE LENGTH C’ 

LINER MATERIAL G/US 

REMARKS 5‘ +P Pt. All i-&M COI- 

C-106 



SOURCE SAMPLISG FIcIAI IJATA SHEET 

Plant Name Plant Yates Station Boiler No. 1 
Sampling Location Sty Aldehydes Run No. 5 
Dateac.~3.q~TiiSUfl 0700 Tie Finish 0130 Tssc Duration 30 min. 

Duct Dimensions X Diamucr 13’ R Initial Leak Rak B/n’4Fcf 

PTCF 0.8‘1 DGMCF I. 00 6 Nozzle Dia. g 17 q 7 inches Final Leak Rate 0, oo 

B~~FYCSS 29 19 “Hg 
static Press - 0.5 ” H20 OpeMOr arv bc= 0.7766 

I I I I I I I / I I I 1 
I I I I I I I I I I I 

CONSOLE X A IG13cZ 
FILTER # 

AMBIENT TEMP. 70 + 
PROBELENGTH G ‘ 
LINER MATERIAL Cla-s 

c-107 



SOURCE SAXIPLISG Hi2.D DAfA SHEET 

Plant Name Plant Yates Station Boiler No. 1 
Sampling Location Z%L& Train 
Due ,&.a~TiiStan la Test Duration 

Duct Diicnsionr X 7%&T@=- Diameter 

F-l-CF . & DGMCF /.I?& Notic Dia. c- 

Bar Press .Z!c - Hg 
Static Rus --o.Sf - HZ0 O)EiWJr =>Th’ 

LINER MATERIAL 

REMARKS a WK- 

C-108 



SOURCE SAMPLING FIELD DATA SHEZ 

Plant Name Plant Yates Station Boiler No. 1 
sampiing L.ocaian 57 Train MZ3 - DioxinslFurans Run No. pi- 
Date ~G-zI,-~J Tiic SUfl , voo TiieFiikh ,933 Test Duration 2qG m+,, 

Duct Dimensions X Diameter 13 ft Initial Lak Rare o.mr@ ,J”& 

FKF fy.89 DGMCF 1.019 Noule Dia. fF.- o.r?c inches Final Leak Raw D oo f @ fo ’ cfm 

BarRus aq.31 - Hg 
Stnlic Rws _ 0, r ’ H20 Operator DTV k= I.,SZg- 



SOURCE SA.\L\IPLlSG FEiD DATA SHE.ET 
Plgc/ofl 

Plant Name Plant Yates Station Boiler NO. 1 
sampling Location s-rau Train M23 - DioxinslFurans Run No. & 
Date CG. 12 -93 Tie Start 08/X Tiwe Fiiirh 113c Test Duration 1110 min. 

Ducr Dinssioru X IJumacr 13’ ft Initial Leak Rate o,(x)1 @ &?“cfm 

F’KF n. 9~ DGMCF l.OA9 NozzleDin. o./qJ- inches Fiial Leak Rate m I e 16 “cfm 

Bar Press 79.39 ” Hg 
static Fear -O.S- ’ H20 0pctXt0r ow ,. 2352. 

CONSOLE X A16 l39J ‘,:~~~~~~~i:~~~~~~,‘~~~~~~~:~~~~~~~~~~~~~~~~~~~: 
.,,., .,. .:~:,,.:,:,:.: ,.......,. ./....., :...:, ..,, 

FILTER X ;::~~~~~~~~~iiiiii;iiii:~;~~~i~~~~~~~~~~~~~~~~~~~ ,,,,.,., ~.~,.~~ ,....., ..,., ~,~ ,...,.. i ..:. ~*.~.;.:~:& 

AMBIENT TEMP. 70* ~~~~~~~~,:iiiiii-i:‘~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

PROBE LENGTH I ~:~~~~~~~,l.‘::iiii;:~~ 

LINER MATERIAL G/err 

REMARKS fNl rl.w-c COT 

c-110 



XXRCE SXvlFilXG FlELfi !ZlATA SHEET 

Plant Name Piant Yates Station Boiler No. 1 
Sampling LOU&M <GW /’ Train M23 - DioxindFurans Run No. 3 
Date oC.13.93 TimcSurC 081 0 Test Duration XVO-+. 

Duct Diirions X 
Time Finish /IV? 
Diamder 13 I? Initial Leak Rate 0.002 @ rrcfm 

II-CF 0.0’4 DGMCF I. Oh9 Node Dia. 0. 196 inches Fiisl Leak Rate <O.dorQ ro’cfm 

Bar Press 29. r9 * Hg 
StaticFlur -0.5 ’ H20 OpsMX OH l.rvz’ 

LINER MATBRIAL c;/r. +, 

REMARKS AlI iTzc,J c-0-r 

tu8-L * 
c-111 



SOURCE SAMPLISG FIELD DATA SHEET ‘- 
page _ of- 

Plant Name Plant Yates Station Boiler NO. 1 
Sampling Location s+ncb Train hX23 - DioxidFurans Run No. FB 
Date ab.zo-9q TiicSurr ,637 

Duct Dimarrionr X 
TimeFinish r,,%~ Test Duration - -,,i,,. 
Diamster I A Initial Leak Rate rr. a.y , cfm Q 121 

PTCF 0.~4 DGMCF r.OZ=V Nozzle Dia. -.195- inches Final Leak Rate cfm 

BnrRcrr 19.,‘ “HK 
Static Press - * H20 OpeWX al-u wr9w 

CONSOLE I /) I& I59 ‘j 
FILTER X 

AMBIENT TEMP. 
PROBE LENGTH 
LINER MAT!3UAL GkrJ 

RBLARKs 

c-112 



SOURCE S&FtPLING FIELD DATA SHEET 

Plant Name Plant Yates Station Boiler No. 1 
Sampling won Train _ 5%~ v PSD Run No. 1 
Date or..?,-97 TimcSun I330 Tie Finish 0 Q’lb 6-m cst Duration. n min. 

Duct Dimensions X Diameter 13’ I? Initial Leak Rate o.ao t P /S”cfm 

PTCF 0.84 DGMCF 0.99 Lf Notie Dia. n.,9& inches Final Leak Rate #A cfm 

BarPresr 19.3’ ” Hg /.ZfOS 
Static Press - 0.5 ” H20 Opcr%V OJ1, lcs - 

CONSOLE # A Ll3f2Y 
FILTER H 9 7- A& 
AMBIENT TEMP. 
PROBE LENGTH 
LINER MATERIAL 

REMARKS &%o, 4 izbiur, 
c-113 



SOURCE SAMPLING FIELD DATA SHEET 
Page 2 of - 

‘.‘lant Nnmc Plant Y~tWWl’tion Boiler No. 1 
Sm@ing Lxdh a-s4 Train - PSD Run No. -j- 
Date &~2+3 ‘fiimsSurt !-a%0 fOC-21-Q Tie Finish Test Duration min. 

13’ Duct Dimensions- X Diameter A Initial kak Rate 0.00 cfm 

il-CF 0.W DGMCF O.Wy NozzleDin. 0.196 inches Fiial Leak Rate cfm 

&r&r xc3Y * Hg 
Static Rem - 03 ” HZ0 OpeWX 

.~,.C I.. x,~ 

“..>‘~ . ...: I :: :. ,: 
y,;;:, :..:I 

.-yg:;+:; 
,,.. .” 

CONSOLE X A 16 13t5 

FILTER N s15r A& 
AMBIENT TEMP. 707 
PROBE LENGTH 

LINER MATERLAL Sk*/ 

REMARKS Aff ?Tj~s LOT 
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SOL~RCE SAMPLING FIELD DATA SHEET I \ 

P.p_LofJ 
‘~. ,.. ..ze~,a~r 

,; ;..&.g 
,” ,‘T<, ~ 

Plant Name Plant Yates Station Boiler No. 1 

cmmR:“60;lb I365 

AMBIENT TEMP. a6*r 
PROBE LENGTH 6: 
LINER MATERIAL ak.5 

REMARKS 
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SOURCE SAMPLING FXLD DATA SHEET 
P.*&f_L 

Plant Name Plant Yates Station Boiler No. 1 
Samplin Location IIIS 
Date 6724q4 ~iissun- ‘I?25 

Train Run No. 2 
Test Duration 

Duct Dimensions X 

PTCF of+ DGMCF b’6 Notic Dia. o’1?5 inches 

Bar Press 2s.12 ” Hg 

AMBIENT TEMP. 
PROBE LENGTH L’ _, ~~~..~..~.,~,.~,~ 
LINER MATERIAL ‘$&fS * 

REMARKS 
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SOtiRCE SAMPLISC FIELD DATA SHEET 
PW_LOfi 

Run No,,2 
Text Duration 130 min.,, 
Initial Leak Rate d 0 ‘m i 6!! C/II 

Noule Db. D’i% inches FM Leak Rate <‘=- - ‘?.a cf# r’ 

Bar F’ras ‘L4~21 * Hg 

ijig;+ r 

LINER MATERIAL c?&$ 

REMARKS 
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SOCRCE SAUPLING FIELD DATA SHEET 
P.gc 

Plant Name Plant Yzk%s Station Boiler No. 1 

CONSOLEX 
FILTERX 

PROBELENGTH 

REMARKS 
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SOURCE SAMI’LLVG FIELD DATA SHEET 
P.gcllocj b ;,-’ 

+:.-. ; 

FILTER I 
AMBIENT TEMP. 7 0’; 
PROBE LENGTH 6’ 
LINER MATERIAL h&5 S 



Plant Name 

SOURCE S.-hVPLISG FIELD DATA SHEET 
Paps f Of- 

Plant Yates Station Boiler No. 1 _- 
Train Ammonia/Hydrogen Cyanide 

DGMCF 

B~rRess %‘?.32/ ‘Hg -, 
SUtic Rcrr - 0’5 ” H20 

Nozzle Din. 0 145 inches 

operator I!% 

Final Leak Rate ~Wvf 

if= i*i586 

PROBE LENGTH 
I 

LINER MATERIAL a45s 

REMARKS 

C-132 



SOURCE ~SAXPLISG FIELD DATA SHEET 

Plant Name Plant Yates Station Boiler No. 1 
Truin AmmoninlHydrogen Cyanide 
Tie Finish Of&$ Test Duration 

Ducr Diiuuionr X Diimucr I3 R Initial Leak R&’ 

F’TCF o+f DGMCF I* oob NodeDii. o+j5 inches Final Leak Rate 10 g m 1 I?, km 

BarF’ress @.%I ” Hs 

qcz>$$ 

Static Prur -0-C - H20 Opel7dOr /=a ti: /.I606 
Suck JDry %a, meterfcmp. ) Hotbox 1 Probe 1 Last \ Vacuum\ I 

I F hkl OUlleC Temp. Temp in. Hg 
Clock 
Time 
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SOURCE SAMF’LlSG FIELD DATA SHEET 
Pap - 1 I Of- 

Plant Nme Plant Yates Station Boiler No. 1 

BarPius 25.33 -tlg 
sutic~ur -be5 * H20 

Test Duration 

Diameter 13 ft Initial Leak Race C3dWc 
NoulcDia. 0’ i’? 2 inches 

CONSOLE Y hiib\362 
FILTER X ++0 

REMARKS 
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SOURCE .s.-wPmc FIELD DATA SHEET 

Ptant Name Plant Yates Station Boiler No. 1 
Sampling Lzxdon -?-7ac It 

Date. ~p-&ari SUR / A=$ 
Duct Dimensions, L- X - 
FTCFR,e)r(, DGMCF 0.544 

BarRcsr zc33 ” Hg 
sutic FTesr 3-S i - H20 e-J-’ -zzcEa--- 

CONSOLE I-&&&&s 
FILTER X 

AMBIENT TEMP. 



SOURCE SAMPLISG FIELD DATA SHEET -. 
STACK . 

Pap 1_ of 2 .yy:y; .__ ;>.;<;?;. 

Plant Name Plant Yates Station Boiler No. 1 
Locdtionj 

,,;~+:Lzy~.- 
. Sampling Bulk Particulate-Rndionuclides Run NO. x 

Date &~~TiicS~~ hkY0 

Duct Dimensions - X - 
PTCF -f&f DGMCF .% Nozzle Dia. f?. a inches Find Leak Raw p,na ‘! 

BarPress 24.4( ‘Hg 
cfn@ /4 ’ 

Static Press - #9 -5’ i ” H20 Operator ‘x&-k 

cogy+ d 
AMBIENT TEMP. 3s 
PROBE LENGTH L’ 

LINER MATER’AL -PP=--- 
REMARKS 
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>lODIFIED .\IETEU? 5 FIELD CAT?. S!:ZET y :_ ,.,:9 
.--, 

PLANT NAME Plant Yates Station Boiler No. I Page-of& 
,.‘? 

DIAMETER I INITIAL LEAK RATE cfm 

CONSOLE Y 
FILTER X 
AMBIENT TEMP. 
PROBE LENGTH 
LINER MATERIAL 

REMARKS 
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SGURCE SAMPLING FIELD DAf.4 >HEET 
=ACK 

Pap i of- I 

Plant Name z~blo~c~oEs 
Sampling Location Train Bulk Partieulate- --=I+ Run No. z 
De & .-Zs’-yz Tie Start ,-3 57 Time Finish 0 & lq Tut Dunlion 

Duct Diicnrioru / x - Diameter l=i R hiti,tl Leak R;ltc 0 -0 00 

FTCF -04 DGMCF ,486 Nozzle Dia. 0. w0 inches Final Leak Rati CO ,001 cfme (0 

CONSOLE H #/G/397 ~~~.$Rli;:~ :; ::, ~, fry, ~: ; ,~, ::i_ y:;~;, ,.~::::--;i:-j--i~i:i:iii:~r-~~~~;ii_~~~~~~~~~ 

FILTER I ,, *; j&g&&; ;:, Jo ,,:. ‘: : ~i,-~~~-~~~~~~~~~~~:~~~~~~~~~~~~~~~~~~~~,~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

AMBIENTTEMP. 70 - Yo ,‘~,;DScFM):i:,:~::-,:~::-:::::-i i::i:,i-ii,:i~~~~~~~~~~~~~~~ 

PROBE LENGTH c’ ~~~~~ei~:t9b~:::‘::;~ :i: ;.~: :::: j;:: ~~~~-~~~~:i:;::~,::,:::*“:i,;El~:~~~~~~~ 

LINER MATERIAL t It, I 5 

REMARKS 
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SOURCE SAMPLLSG FlELD DATA SHEET 
STACK 

Plant Name - Plant Yates Station Boiler No. 1 
Page J- of I -- . 

Sampl&g Loution Yoc& 
Datr: b!ul(Q TimeStan 1~50 

Run Ne. -I-. 
I I1 2 .min. 

Duct Dimcnrionr X 

PTCF ‘$4 

.oo OcE .K~ 
DGMCF O.Ticr‘f Nouls Dia. 0.24 inches Find Leak Rate 

BuhX3 
0 ‘OWLI e 

* He 
cfm +/ 

CONSOLE Y AlhI&/ 
FILTER X g 90.8 
AMBIENT TEMP. c , - 
PROBE LENGTH L 
LINER MATBRLAL ~l.bS~ 

REMARKS * c2awe /bs-ls,rLd5 FQhs -q$+* 
c-139 
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SOURCE SA:.IPLI>G FIELD DAT.4 SHEET 
STACK .- . . 

PW _ 1 I of- 
Plant Name Plant Yates Station Boiler No. 1 

4 

Train Bulk Particulate-Ex. Metals Run No. 2 
Tie Finish 0.3 31 Tcrr Duration 857 min. 

Duct Diiiona X Diameter IS R Initial Leak Rate 0 0% c CS’s?3- 

F7CF J’fLJ DCMCF mod Nozzle Dia. 0*2? inches Find Leak Rex -,&I ,/,, ‘cfm 2.72~ 

CONSOLE # &@+=I AlG/ffu ,q&& ,:_ ‘y:, 7 ~: :,. :.,~ ‘~” ,:-~~:,:.::,:::::-~::,:::::-:ii:i:~:::::~~~~~~~~~~ 

FILTER Y 
,,,,~ d~~~,M$&FC i,;,~::: ,. : ,,~~ : :,:: ; .‘:I_ ;: ;, : :i:-,::::i;i::i;-:--:-~~~~~~:_:i-~,~ 

AMBlENT TEMP. 76’ 
,,, .,., ~.,, 

,++&jscFM,i: ,: ~.:: .& ; :;,!:;:ji$; :;;:~::~: :~-i~-:~i;.-,~z~~~~~ 
J&j&+ &sj:;:: : ~: : :, ;~,:,: :: : ::; :: ,~,E,:: ~,, ~~;:;;::/ :‘:c-ii:::i:::::iiii-i~~~~ 

REMARKS 
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-- _ 
a ClELL D&T.-\ SHEEi 

PLANT NAME Plant Yates Station Boiler No. 1 

PTCF - 

STATIC PRESS -f93.5\ 

CONSOLEY jh/,%/ 
FILTERX - 
AMBIENT TBMP. &/ 
PROBE LENGTH 
LINER MATERIAL 

REMARKS 

r 
C-142 



. . m FXLC ilATA SHEET 

PLANT NAhIE Plant Yates Station Boiler No. I Page ( of 1 -- 

RUN NO. 
TIME FINISH ,&I 
DIAMETER 13 .t? 

NOZZLE DIA. %%I?~ inches 

STATIC PRESS 4 T: I * HZ0 OPERATOR rc t-k 

PROBE LENGTH 
LlNER MATERIAL ?y+t+$ 

I , 

REMARKS 
Au -VA+3 Lb7 x Roti L!+ymwS/dL7- /A 3P&= - 
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.ME plant Yates Station Boikr No. 1 PLANT N A - PageLd - 

RUN NO. 3 
TIME FINISH \ \ 5 D TEST DURATION l4b min. 
l-M&hA!=TFR 

zi 
13-o INITIAL LEAK RATE 4 .M 7 cfm 

STAnc PR 

.,,-..-.- 
NOZZLE DIA. a. opEu7;;e,;AL LEAK RATE cfm i/O ,, 0; & 

. : ,. TEz WS&EET , ” , ,..~ 

REMARKS I 



ORSAT DATA SHEET 

Plant Yates Station Boiler No. 1 COUUll~IlfS 

SrzfcK 

Run No. / 

Dare 6/L1/73 opemtor -.,Aw?F mv 

Sorbing Reagents: (C& (0% (CO) 

Avenged Results: 46 co2 lo.2 95 02 8.8 

96 co W N2 0r 

Dry Molecular Weight, MW (dry) = 

=0.44 +0.32 +0.2s 

(%CO2) (‘RPO3 (X0 + 46 N2) 

= + + - Y-o% 

Run #lTrain ncs& 
ESP Inlet 

Component h - 
DateLr;LI -w ’ Time 1 Fob Smplr I\3 v 
Labon slip rey Analysis D-, 
Tare Wt. ,& c-145 Find Wt. L)b 



~, ,, :,y ,. .‘.; 

,s;_ 

j& 
,.. 

ORSAT DATA SHEET 

C-146 

Plant Plant Yates Station Boiler No. I CCJllUlXllts 

Location 5+%=% 

Run No. A 

Date /dczz -43 operator 5% 

Sorbing Reagents: fiO2) 42, (CO) 

Averaged Results: 46 co2 i&8 46 02 8-G, 

96 co 46 N2 80.6 

Dry Molecular Weight. MW (dry) = 

=0.44 +0.32 +0.2a 
(%COZ) (%W (7x0 + 46 N2) 

= + +- Y-252 

Run #strain fil- “-j’=- Hi%& 

Component bw 
Date6- 12-q&‘Time SmpkQ22.l 
Lab gn s,‘fe Analysis CO, 01 
Tare Wt Final Wt. 



ORSAT DATA 

Plant Plant Yates Station Boiler No. 1 

Lmatioo SjiC k 

Run No. 3 
Date 6122 /li3 

SHEET 

C0lMleIlts 

OQentor ThlP 

Sorbing Reagents: (CO<, (CO) 

Averaged Results: 46 co2 IO.> 56 02 

46 co 46 N2 a. 3 

Dry Molecular Weight, MW (dry) = 

=0.44 +0.32 +o.zs 

(%CO2) (%W (WC0 + % N2) 

ESP Inlet 
ESP Outlet 

GE3 



ORSAT DATA SHEET 

C-148 

Plant Plant Yates Station Boiler No. I COl3lllWltS 

Lacatioo g 

RuneNoi A$; - 

&4 

Dff SmPLt’ 
/2 lq opentor TiF4 

/ 
Sorbing Reagents: (CO2) (CO) 

Averaged Results: % co2 

46 co 

Dry Molecular Weight. MW (dry) = 

0.0 46 02 q. 0 

% N2 

=0.44 +0.32 +0.28 

(%CO23 (9602) (WC0 + % N2) 

Component C ” I 

Datl 

Tare Wt. Final Wt. 



p 

,‘.:i 
. . 2 

ORSAT DATA 

Plant- Plant Yates Station Boiler No. 1 

Location JAck 

Run No. ?- / 

Date ot-c?.r-93 

SHEET 

C0UlUlellts 

operator In/t P 

Sorbing Reagents: 032) (02) (CO) 

Averaged Results: 46 co2 

96 co 

Dry Molecular Weight, MW (dry) = 

02 X8 

N2 

=0.44 co.32 +0.28 

( %CO2) (9602) 1%~7-1 + 96 N2) 

Y-319 
= + 

+Run $LTrain 0 CS Cif 

tlxiiioti~: 

E%r& 

b0.q 

Date c- 25-q!! Tie I hb0 Smpk Iz\Jv 

Lab>n& 

T.re ‘Wx) 
“T$F 
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ORSAT DATA SHEET 

Plant Plant Yates Station Boiler No. 1 CO~OtS 

Location $7-+5&L 

Run No. jha.e 2 rvrt 2 
Date b/Lb /cr3 opentor 7MP 

Sorbing Reagents: (COG KG- (CO) 

Averaged Results: %CO2 w 02 

5% co W N2 

Dry Molecular Weight, MW (dry) = 

SO.44 +0.32 +0.28 

(%CO2) (9602) (%CO + 96 N2) 

E + +- Y-385 

Fun #KTrain d&A r ESk?g 

Component C;rrSR7 

c-150 

;; \$h !‘:,L. Time f‘fO0 Smplr DTv 
_ruz - I Analysis 0 dSAl- 

TareWT(8) - Final Wt(p) - 



ORSAT DATA 

Plant Plant Yates Station Boiler No. I 

Location SneCK 

Run No. 2-3 
Date 6 /t-F/93 

d 

SHEET 

comments 

operator /MP 

Sorbing Reagents: am (02) (CO) 

Replicate Original (CW P32) W) (02) (CO) (CO) 

Number volume Reading 2 volume RePding 3 Volume Reading 4 Volume 

Reading w (2-l) (4 (3-2) w (4-3) 

(mu e - (Id).. WI 

/ 0.d //.A /I/ 6 /?,O 74 

2 n. 0 //*G /I*6 /9,6 2.y 

Averaged Results: 46 co2 //I 6 R 02 7-Y 

46 co % N2 

Dry Molecular Weight, MW (dry) = 

=0.44 +0.32 +0.2g 

(%CO2) (5602) (wo + % NZ) 

L 

= + + Y-453 

-Run #aTrain 0 r~,qr &‘Eg 
component oe$w 
Date 6 /ST/93 Time 1.3~0 Sqlr WV 
Lab On $/I/. Analysis &a- /fB, 
Tare WT(g) - Final Wt(g) - - 
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TRAVERSE FIELD DATA SHEET 

PhnrName Plant Yates Station Soiler No1 Stick Dinmeter 13 ’ 

Sampling Location- s.lar L Smple Parr Dbmercr If ” 

DSC n.z - in- 93 Sample Pan Depth 
,I 

0pcl-Xt0r OJr/ JF& Distance Upstream 

Distance dowvnsrrc~~ 

in- I M”rnl. T,a.wn Pan” QI A numwn I 
hwn. Pa, Mu-. I 

I I 21 41 61 11 301 :2i t&I II/ 311 201 P! 24 
1 I I i I , I I 1~ I I I 

>..e I 6.,, 1.1, 1.2 I ?.‘I ZI , 1.1, I.,, 1.. , 1.2, t.1 , q.1 
i 45,,1U,Cf,‘-,‘-*’ 

JI 
. I m.3 I 10.4 / 
c .I. 

I Travsnr Points 
I 

NO. / Distance From Wall 

e I ! ,Y.. 
e,.r I ii.2 i n., , n.1 I 

-7 I , 213, as.4 / 78.0 I m.. , ( 
‘2 

r 
: / : / I s,., , 0.1 , ,I( 

!, I / / L1.3 / C, 
/. / , 1.2 , I1.L I 8‘4 , : 

I 1 j ,L! / u.3 / 82.‘ 
6 I Y-4 / w., , ,I~7 I lze I n a 

__i 

- _,..._ 

Da.3 I Is.. , .O.‘ 

rn,IY.IU, 
.- _ 

.7 es‘ I ( 
18 I IUJIL--.- ._(. 
‘C I , / LI.5 I .I., , bsa 
XI I : / : at.7 I Y.0 , “3 

! 2! I ,“.1,01 
rz ! 1 I u., I L.6 
z3 

i I la.8 
_ ir / “1 
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VELOCITY PROFILE FIELD DNA 

Plant Namo - %+&I 

Sampling Location S+- Sample Ident. Flelc, 

Oats G-r*-93 (MMOOYY) Time Starr ISOC (H~MM) I5w (HHMM) Time Finish 

Duct Oimed7sionr -gift. or Diameter 13 ft. 
PTCF O.Bq - % Hz0 
Bar Press a.9.3 ” Hg % co % N2 
Static Press. - 0. S “$0 %COz = 9.0 % H* 
Operator Initials 0.W -IFI./ % 0, 2 7.0 % cn, 

I 

Remerba Pa:n+ I ell i-&e w8ltA e-t.3 

c-155 
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I I I I LI I I 1 I I’! I I 
n I I I I I:I I I I I I:I I I I I liil I I I I 

I I I 
I I I I I I 1~1 , / I I I!, I I I I IPI I = r = :. 
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jfu;Ertc ‘! >lODlFiEiI MLZ’HC3 5 FIEL3 DATA SHEET /OS3 
~.~._A ” 

PLANT NAME Plrnr Yates Statian Boiler No. 1 Pagclof- 

DIA. 4.365 inches FINAL LEAK RATE 

OPERATOR Jw- 

OUQ, l*LdZ-L 
ra”CN ClO.3 Dry p.r MYI P ^H suck Dy 8,s ,n>cter mnp. HOI box Probe Lst “asvum cond. 

P&E Thze reading Rt in HZ0 in H20 Temp. F l&l O”llC, Temp. Tmlp Impinger in. Hg Exit 
I 

CONSOLE # 
FILTER X :I &4 k 
AMBIENT TEMP. 70 *f 

PROBE LENGTH -=Z- 
LINER MATERIAL 

REMARKS 
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J 
MODIFIED METHOD 5 FIELD DATA SHEET 2-&j 

PLANT NAME Pl.,,r Yates Station Boiler No. 1 

““Cal “mlxd~Kln3 
DGMCF A Pl’CF 

BAR PRESS * “g 

DlAMETER 
NOZZLE DIA. inches 

INITIAL LEAK RATE cfm 
FINAL LEAK RATE cfm 

STATIC PRESS - “20 OPERATOR 

CONSOLE X 
FILTER I 
AMBIENT TEMP. 
PROBE LENGTH 
LINER MATERIAL 

REMARKS 
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v 
MODIFIED MEZTHOD 5 FIELD DATA SHEET .3y7’ 

FiANTNAME plant Yates Station Boiler No. L page - of- 

TIME FINISH min. 
DIAMETER INITIAL LEAK RATE cfm 

FTCF DGMCF NOZZLEDIA. inches FINALLEAKRATE cfm 
BARPRESS - "g 
STATICPRESS 'HZ0 OPERATOR 

CONSOLEX 
FILTERa 
AMBIENTTEMP. 
PROBELENGTH 
LINERMATERIAL 

REMARKS 
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blUDIFlEL :vIETHirD 5 FIELD DATA SHEE.1‘ 

PLANT NAME Plant Yates Station Boiler No. I Page /of3 

TIME FINISH I3 

NOZZLE DIA. 0,75X 

OPERATOR &J@- 



MODIFIEr) MXHOD 5 FIELD DATA SHEET 

PLANT NAME Plant Yates Station Bailer No. 1 Page z of 

SAMPLING LOCA’TION vdP4y 
DATE TIME START‘ 

RUN NO.$,,,:&i&D-&$ b= 
TlME FINISH 

+- 

DUCT DIMENSIONS X DIAMETER INITIAL LEAK RATE cfm 
F’TCF DGMCF NOZZLE DIA. inches FINAL LEAK RATE cfm 
BAR PRESS * “s 
STATIC PRESS - “20 OPERATOR 

CONSOLE X 
FILTER I 
AMBIENT TEMP. 
PROBE LENGTH 
LINER MATERIAL 

REMARKS 
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XIODICIED hIETHOil 5 FIELD GriTA SHEET 

?LANT NAME PI.“, Yates Stltian Boiler No. 1 PageLof 3 -. 

SAMPLING LOCATlON ‘_cu RUN NO. &.. 
DATE TlME START TIME FINISH ki!;bx!k~T* ( “lc z-- min. 
DUCT DlMENSlONS X DIAMETER INITIAL LEAK RATE cfm 
PTCF DGMCF NOZZLE DIA. inches FINAL LEAK RATE cfm 
BAR PRESS ’ “g 
STATlC PRESS ” “20 OPERATOR 5whr 

CONSOLE Y 
FILTER X 
AMBIENT TEMP. 
PROBE LENGTH 
LINER MATERIAL 

REMARKS 
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KCIDLFIED >iLTdOD Z FIELD DATA SHEET 

-PLANT NAME Plant Yaks Station Boiler No. I 

RUN NO. 
TIME FINISH /Z>X 
DIAMETER 

NOZZLE DIA. a. 3?6 inches FINAL LEAK RATE 
/ 

OPERAT6k3s8 v v- 



!ZJD[FIED XETHOD 5 FIELD DAYA SHEET 

PLANT NAME PLM Yates Station Boiler No. 1 Pagc~of_l_ 

SAMPLING LOCATION LllLC RUN NO. &.,‘i,b( ,&Yz -i&in3 
DATE TlhiE START TIME FINISH TEST DURATION 
DUCT DIMENSIONS X DIAMETER INITIAL LEAK RA 1 c 
PTCF DGMCF NOZZLE DIA. inches FINAL LEAK RATE 
BAR PRESS - Hg 
STATIC PRESS - HZ0 OPERATOR ;zJ-- 

cm 
cfm 

ni n”eN Dn Pa* meter P H Suck Dn g.u meter teme.. I Xolbax I Probe I Last I Vacuum I Cwd. i ._ 
mii l-me reading tu in IX20 in H20 ‘Temp. F wet OYtlCt Temp. tcmp Impinger in. Hp Etil 

Temp. F 

f‘, I %s-l .ti. /T-2- o,.oj 0.37 .?/b 7/ 8-7 - 227 -&!++‘3 54 

1 7! Q,-L j7y.6 !a.03 !a.33 !~>.O! 52-! FT,.! - ! 7T! ST ! 7 I -5-T 1 

I < 3 t 3-l 3 
s- I 5-r 

* 
b-es 

CONSOLE X 
FILTER X 
AMBIENT TEMP. 
PROBE LENGTH 
LlNER MATERIAL 

REMARKS 
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M,?ZCFIED .IfETHOD 5 FIELD Dr4T.i S::itET 

PLANT NAME Plnnr Yates Station Boiler No. L Page 3 
SAMPLING LOCATION fh /et-,%&~ ,R;“,” NO. 

TIME START 
& / /4& 

---of2 

DATE TEST DURATION min. 
DUCT DIMENSIONS X DIAMETER INITIAL LEAK RATE cfm 
FTCF DGMCF NOZZLE DIA. inches FINAL LEAK RATE c fm 
BAR PRESS - Hg 
STATIC PRESS * H20 OPERATOR mm 

nve~l Clock 1 Dry~“~ter *P 1 ‘H 1 Sucks 1Dryp.r meter~mp. 1 Hot b&, Probe 1 La 1 “.cuum , Cod 1 

I p0in’ I Timr I reading R3 in H20 in HZ0 Temp. Tcmp in. Hg 

CONSOLE X 
FILTER # 
AMBIENT TEMP. 
PROBE LENGTH 
LINER MATERIAL 

REMARKS 

C-169 



XlODiFlED METHOD 5 FCLD DATA 3-iEE-I 

PLANT NAME Plant Yates Station Boiler No. 1 %=/of- ~.. 

SAMPLING LOCATION F. 
t~~vt~~;&d;;~lME ST$ :,’ ‘T< 

RUNNO. F;; I<I Lk-2~ 6: &I) 
TIME FINISH TEST DURATION min. 

DCMCf 
DIAMETER INITIAL LEAK RATE cfm 

F’TCF 0.X NOZZLE DIA. inches FINAL LEAK RATE cfm 
BAR PRESS 24. 5-i ’ Hg 
STATIC PRESS - HZ0 OPERATOR JQ- 

:v~~~:lii;:::~~~ ;::-i~i;:~i;i;:;;~,-ii~~~,--:,-:~;-, ;~:I i_: ,.:::.~i:i:~;;i:~;i.- 

FILTER I 
AMBIENT TEMP. 
PROBE LENGTH 

90 

LINER MATERIAL 

REMARKS 

- 
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SOURCE SAMPLI,\G FILLD DATA SHEET 

Plant Name Plant Yates Station Boiler No. 1 

~~~->~~> $1;’ ;i/t, 

Train Run No. k Aldehydes 
Tic Fiikh / 3 4/< Test Dumbon 

Duct Dimension. x -97 Diamucr A Initial Leak Rate 
Fl-CF . flf DGMCF f, 6!>7 NotieDia. , L 7 7 i,,chu 
BarRus z’5/-HS /o ‘/ 
Statichas 4 . ‘% ” HZ0 0pW0r kvL0 



‘L-- SOURCE &WPLI.~G iitLD LAT.-\ SHEET 
Page L_L 

Plant Name Plnnt Yates Station Boiler NO. 1 
Sampling Location Es:’ I N I et Train Aldehydes Run No. 2 

AMBIENT T!%iP. 74 
PROBE LENGTH l/3 ’ 

LINER MATERIAL c/&is 

REMARKS 

c-172 5;“51e pitit s” yo” c&c& f&l+ pt 85 -8 



SOLRCE .SA.WLI.~ti FIELD DATA SHkET 
PISLOl_L 

‘lant Yates Station Boiler No. 1 

Tic Finish 0 7’5 

Barks z?,Ty ” Hg I6 ” 

Static Press - l.L/ ” HZ0 Opcntor &ii 

CONSOLE # ff /d/UC. 
FILTER # - 
AMBIENT TEMP. 
PROBE LENGTH 

7z”< 
/n 

L1NER MATERIAL - 

REMARKS 

c-173 



SOURCE SAMPLIAG FIELD DATA StlEET 
Papcl_d~ 

Plant Name Plant Yates Station Boiler No. 1 -: 
ES9 INleT Train Aldehydes Run No. m 

f3.36 
*- 

Time Stati Tie Finish Test Duration min. 
X Di24llUU ft lnitiil Leak Rate cfm 

FKF DGMCF Nozzle Dia. inches Fill Leak Rate cfm 

Bar Press 
Static Pms 

*J’ HfH20 Op%-ator . 7Ld.a. 



iv@ SOURCE SAUPLING FIELD DAT.A SHEET 
kc __ of _ 

Plant Name Plant Yates Station Boiler No. 1 

Sticksa -[, y “HZ0 

in H20 Temp. F 

CONSOLE Y /j/(5/39 7 

FILTER H m/g AC /.7/y 
AMBIENT TEMP. 

REMARKS c-175 



SOURCE SAMPLING FIELD CATA SHEET 
Rgc \ of - ” 

Plant Name 
Sampling Loution 

Plant Yates Station Boiler No. 1 

Time Finish f/c@ 
Diameter - 

Run No. 2 

CONSOLE # 4 /6/ 3+1 

FILTER # 
AMBIENT TEMP. ?d “i 
PROBE LENGTH I // 



SOLWCE ZAMPLING FIELD DATA SHEFF 
/ P.p. _ of- 

Plant Name 
Sampling Location 

c-177 



SOURCE SX+iFi.I,VG FIELD DATA SHEET 

Plant Name Plant Yates Station Boiler No. 1 
Particulate I Metals 

Static Pfus - < B ” H20 opcl-ator ah 

/Lh 13 63 I., 
CONSOLE Y 

I:~~:.:,:.:.~.:.:~:.L:...~.:.:.;:.i~.~.:,:~.:.:.:...:.:~:~:,:.:.~.:~.:.~:.;:~:~.:.:.:.~:~.:.:.:.:.~~.: . . . . . . . . . . . .._ ..,,. ~~..~ ._ ..,.., . ...,.., j,.,) 

RLTERX /a;& 

~~~~~:-::i~~~~~~,::i::.~~~~:[W‘(~~~~~~~-~~i.:~~~~~~~~~~~~~~~~~~ 

AMBIENT TEMP. 
,&&%&&$ 

PROBE LENGTH 

LINER MATERIAL 

C-178 



SGCRCE SA,WPLING FIELD DATA SHELF 
P,gc 2-d = -- 

Plant Name 

Time Finish Tut Duration 

PI‘CF DGMCF 

Bar Fresr * Hg 
static ha - HZ0 

d 

CONSOLE X :‘~~~~~:i::-:i~~~~::~:~:~~~~~~~~~~~~~~~~~~~:~~~~~~~~~~~?~~,~~~~.~~~~~ .~..~~:,.~:,: ~~:..:.;:.:.:.L.,: . :,~.L:.:.:.:,;:.:.:(.:.:.:.:.:.:..,: ..,........: . . . . . .,.,...,., ~ ^.:.:.:.:.:..~~(~~~~.:,‘,:.~ 

FILTER Y 
‘i~~~~,i::-::~~~~~~~~~~~~~~~~~~~~~~~ 

AMBIENT TEMP. -~~~~~~~~~~~~~~~~~~~~~~~~~~ 

PROBE LENGTH ,:~~~~t~~iii::ii-ii:i-, :; i:ii-_,ii:ji,;i:~;.~- -;::-ii:i:i-;i~:-:~~~~~~ 

LINER MATERIAL 

REMARKS 



%iXCE SA&ffLiNC FiELD DATA SHEET 
hpey-*f, 

Plant Name Plant Yates Station Boiler No. 1 
tiParticulate Train 

0 9 75 
/ Metals 

Tiie Start Tie Fiih Id?// Test Duration 
Diameter A Initial Leak Rate 

NOZZLE DIA. 4. 6% inches 

/6/. 163 CONSOLE # 

FILTERX~O 
AMBIENT TEMP. 
PROBE LENGTH 

LINER MATERIAL 

REMARKS 

C-180 



SOURCE SAhiPLlXG FIELD DATA SHEET 
Pw &Jf 3 

Plant Yates Station Boiler No. 1 

PKF 
Bar Press 
Static Press 

DGMCF 

- Hg 
- H20 

Tie Finish 
DiUIIctcr 

NOZZLE DIA. 

Opcl-UCJr 

Test Duration min. 
ft initial Leak Rate cfm 

inches Final Leak Rate cfm 

CONSOLE X 

FILTER # 
AMBIENT TEMP. 
PROBE LENGTH 
LINER MATERlAL 

REMARKS 

C-181 



SOURCE SAblPLlXS CiELD DATA SHEET 
Page 3 aC 3 -- 

Plant Name Plant Yates Station Boiler No. 1 
2, Train -te I Metals 

Tic Fmish Tat Duration 

Diameter A Initial Leak Rate 

PTCF IXMCF NOZZLE DIA. inches Final Leak Rate cfm 

Bar Press ” Hg 
Static Press ” I310 operator a - 

I’* 
37 

CONSOLE Y ~~~~~~~~~~~~~~~~~~~~~:~~:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~i:~~~~~~~~~~~~~~~~~~~~~~~~~ ..~ ..,.,. I .:...,......,...... ~ ..-,.. ̂. . .; ..~~: 

FILTER Y ;“~~~~~~~~~il:~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

AMBIENT TEMP. ~~:~~i.~~si~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

PROBE LENGTH ~~~~~~_~~~~~~~~~~~~~~~~~~~~~~~~:~~~~~~~~~~~~~~, 

LINER MATERIAL 

REMARKS 

C-182 



sOLkCE S&WLlSG FIELD DATA SHEET 

Plant Name Plant Yates Station Boiler No. 1 
Train Particulate / Metals 
l-ii Finish 1 Y 05 
Diimdtr t 

Test Duration R”~~~~2~,;~ 
Initial Leak Rate 

DpKF 0 p -7 NOZZLE DIA. 0.357 inch- Final Lak Rate 0, 
_, 

1 

I I 
/.w-/ ,A.&- l~~=ri~,rIAhtln~zITI~.~i x3 I Trl I - 2os( 5-5 4 I 

Z~lSV I& 1 - 

IOBE LENGTH 
NER MATERML 



SOURCE S.4XPLlNG FIELD DA’I-A SkiEFt- 
her -or 3 -- 

Plant Name Plant Yates Station Boiler No. 1 
hc.z 

Tii Finish Test Duration 
Diimeter A Initial Leak Rate cfm 

PTCF DGMCF NOZZLE DIA. inches Final L.xk Rate cfm 

Bar Press * Hs 
Static Reds ” H2d operator ‘lrl.4~ 

‘SOLE Y 
‘ER X 
IENT TEMP. 

3E LENGTH 

R MATERIAL 

\RKS 

c-184 



SOCRCE SAUPLlSG FIELD DATA SHEET 

Plant Name Plant Yates Station Boiler No. 1 
mte I Metals Train 

Tic Finish Tut Duntion 
Die&3 I? Initial Leak Rate cfm 

Pl-CF DGMCF NOZZLE DIA. inches Find Leak Rate cfm 

Bar Press - H$ 
static Fresr ” HZ0 Opsi%tW m-L 

CONSOLE X 

FILTER I 
AMBIENT TEMP. 
PROBE LENGTH 

LINER MATERIAL 

REMARKS 
c-185 



. . SOURCE SA,W’LING FIELD DATA SHEET 
RhLoL 

Plant Name Plant Yates Station Boiler NO. 1 
zzilv Particuirte I Metals Run No. 

Tim Finish Test Duration 

Duct Dimensionl Diameter A 

FTCF DCMCF NOZZLE DIA. oc3fl inches 

Initial Lull Rate. 0, 0 f7 ~f~@/s’~ 
Fill Leak Rate cfm 

Bar Press ” Hg 
Static Press - HZ0 opmtor *x&q 

CONSOLE Y m&&=+k A&%’ 

AMBIENT TEMP. 
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SOURCE S.-U!FLISG FIELD tMTA SHEET 

Plant Name 
Sampling Location 

Initial Leak Rate 

AMBIENT TEMP. ‘Is- 
PROBE LENGTH b ’ , 
LINER MATERIAL GfH- 

REMARKS 

c-191 



SOURCE SA.\lPLINC FIELD DATA SHEET 
ESP tHLl?r 

pw _ _ / of 1 
Plant Name 

Static prce 5 8’ * H20 

CONSOLEX d/d/ ?o/ .$&&;;y??;~y:: <.t j: ::: :: ,:, -:;~~:::~~~~~~~~~~~~~ 

THIMBLEY - -8 /L32 ,:~~:~~~~~~:i::i~:-~:, ~,y:L:; ;;:iyi;:i:j :::l;ii:io-l-_i;l~~~~~~~~~~~ 

A”B*ENTTEMP. 7y. ::.,.:.% .,~~ ,.., ~.~~,~::~ ,, ,~ 
.,, .,,:,, ,.,.,,,,, ~.,,~., *~*t~~~~&-c&f.:~:~:. :::-i’;::i;i~~~~~~~~,,;::--;.‘~~i:~~~,:~~~~~~~~~~~, 
@&g&g f$$); :;::.,,:_: ‘~ : ‘~, : ~:, ,::;:j -.-:::i::-:,,ii;:;:i-:-s:~~~:,i:-:ii~:~~~~~~,~~-~~~ 

REMARKS 

C-192 



SOURCE SAXPLING FIELD DATA SHEET 
P.pc&p ~. 

:~.:?+r. .., ~,I .x5-.-~’ ,: 
_: ,, 

Duct Dimensions 

CONSOLE X 
FILTERX - 
AMBIENT TEMP. 

REMARKS 

c-193 



SOURCE SAMBLL’~G FIELD DATA SHEET 

Plant Name Plant Yates Station Boiler No. 1 
Train 
Tie Finish Test Duration 
Diameter 

F’T’CF DGMCF Nozzle Dii. inches Fiial Leak Rate 

Bar Press ” a 
Static Preaa ” HZ0 Opcntor 



Plant Name 

SOURCE SAMPLING FIELD D?.TA SHEET 

Plant Ya:es Station Boiler No. 1 

Pw _ ’ of- I 



SOCFCE QMPLING FIELD DATA SXEET 
P.pe _Lo& 

Plant Name Plant Yates Station Boiler No. 1 
Sampling bution Run No. & zhhrdroven Cyanide 

Time Finish/BY Tat Duration & 65 min. 
Diameter fi Initial Leak Rate 

Nozzle Dia. 137; inches Final Leak Rlts @, 0& 

* HZ0 OpclWOr Pfb 

CONSOLE # A f6/?0/ 
FILTERX - 

AMBIENT TEMP. fo 
PROBE LENGTH (0’ 
LINER MATERIAL 4//e 

I 

REMARKS 

C-196 



SOURCE SAXU’:.ING FIELD DATA WEET 

Plant Name Plant Yates Station Boiler No. 1 ” ,f~5 pw up’” 

Initial Leak Rate 
ainches Final L.4 Rate m 

YY 

:;5~&=/&3 Nozzle Dia. & Itf/ b 

Static Rug - < R * HZ0 Opel-UX < 

CONSOLE X 
flLTER X - 
AMBIENT TEMP. -7 2 
PROBE LENGTH /n’ 
LINER MATERIAL L</B4s 

REMARKS 

c-197 



SOtiRCE SAMPLING FIELD DATA SAIEET 
Pap 1 / -of- 

Plant Name Plant Yates Station Boiler No. 1 
sampling Ltwation ZdLE7 Train Ammonia/Hydrogen Cyanide Run No. 

Tiis Finish 10% Test Duration 6 o 
Initial Leak Rate 

CONSOLE # /L 

FILTER # - 

AMBIENT TEMP. 7b 
PROBE LENGTH 10’ 
LINER MATERML q:/dffi 

/ 

REMARKS 

C-198 



SOURCE S.UlPLISG FIELD DATA SHEET 
hPC~d_L 

Plant Name Plant Yates Station Boiler No. 1 
- 4 R ‘Train AmmogialHydrogen Cyanide Run No. H &c 

Tiie stalt (352 Tie Finish MO3 Test Duration min. 
X Diameter R Initial Luk Rats cfm 

FTCF DGMCF Nozzle Dia. inches Final Leak Rate cfm 

Bar Rur * % 
static Prus * H20 Operator gJ* 

CONSOLE X 
FlLTER X 
AMBIENT TEMP. 
PROBE LENGTH 
LINER MATERLAL 

REMARKS 

c-199 



SOURCE SAMPLING FIELD DATA SHEET 

Plant Name Plant Yates Station Boiler No. I 
Sampling Location M/ 4 Train Bulk PurticulalrRndionuclidg 

Find Leak Rale 

Su1icPx.w -/.a “HZ0 

REMARKS 



SOURCE SAMPLING FIELD DATA SHEET 

Plant Name Plant Ynta Station Boiler No. 1 
Truin Qagc7Loff- /7 Bulk ParticulatcRadionuclides Run No. J 

min. ,, 

CONSOLE # 4 /h /a~ 
THIMBLE# - 
AMBIENTTBMP. 7,$+ 
PROBE LENGTH / ’ 

5 “s LINER MATERIAL 

REMARKS 

c-201 



SOURCE SAMPLING MD DATA SHEET 
EsP INLET 

Page -of- 

R Initial Leak Rats 

CONSOLE X ,d /g4&? 
THIMBLE# /- 
AMBIENT TEMP. 7,L: 
PROBE LENGTH /a 
LINER MATERIAL (; //pr7 

REMARKS 

c-202 



SOLRCE SAMPLIXG FIELD DAT.4 SHEET 

Pas _LOf! 
Plant Name , Plant Yates Station Boiler No. 1 

ulnte-Ex. Metals 
Time Finish 

R hilid Leak Rats Q I OD / 

PTCF .8fr DGMCF I! Ofiq Nozzle Dia. inches e 5 75 Final Leak Rate 07, J 
Bar~us 25, <5 . Hg 

+m ” 

static Press - s. 9 - H20 opentor 

AMBIENT TEMP. ‘7 

&!&;tu :, 7:: : : ,’ ,’ ‘; ~‘~,‘~~‘,--:-:,-::i’,:,-:i’.ii:-i-~‘--::ii-i::i-,i:,i::i--i:l:i-::i~:iii~~~ 

%:~Muidun: 
p&,& (Dscrmi~ ,, ;~:::_;, ,‘,! 5;:: :; ~I1 ;,: i~~,:::::‘:-;ii’::i-i:;ii-~~~~~~~~~~~~~ 

lrokinctic t%) 
.::,~:::~,.~~,~~,:,: ,~,, ,:,~.~.,::,.,:,:.:.::: 

REMARKS 

C-203 



SOURCE SA.\lPLING FIELD DATA SHEET -z , 
ESP INLET 
Page / oi- 

Time Finisll /C 0 X- Test Duration f% n-in. 
Dimxler Ati R Initial Leak Rate 0. c? \ cfm 

le Dia. e-Z%? F inches 

CONSOLE W A /6/ 9Qi y$&y: ; ~,‘~ : ; ~” ,: ,, ~:; ,::_ ‘:~::-::i:_i-:i--:i--ii-:s-i:i:iii:-:i:~ -::i::-~~~~r~ 

FILTER X &L c hi,. .nh\e\ g y&&+ :.:,; ‘: :: : :::--::~:):,i-:--,~.~~~~~~~~ii::ii.ir-i~;:i-:::~~~~~~~~:: 

AMBIENT TEMP. 78 ,++g&$ &-jfl: :+::::: 3;i;:j$+ ,-,--::ii:%~-i::;ii;~~~~~~:~~~:~~~ 

PROBE LENGTH IQ’ laok&i,$~(~~ ~: :,,, ,: ,~,~ ..,. .:::; !::~::yi_::::::: ,~~:~;:---y-i~;i:::i::::::::::‘:i~:iii:-::-B;iix: 

LINER MATERlAL +++- ,<‘?i 

REMARKS 

c-204 



SOCRCE SAMPLISG FIELD DATA SHEET 
ESP INLET 

Plant Ya ,tes Station Boiler Nsb ’ / L.“. L Plant Name 

Nozzle Dia. I ,‘: 7 , 

raven Clock Dry gas meter - P -H Swck Dry gas ,metcr temp. Hut box Probe Last Vacuum 
point, Tim.2 reading it3 in H20 in H20 Temp. F lnlct Odct Temp. Temp Impinger in. Hg 

CONSOLE Y &I461 I I~, 

FILTER#mj hh. .nh\P\ _ 
AMBIENT TEMP. /A 
PROBE LENGTH / 0 ’ 
LINER MATERIAL y//q4 

REMARKS 



Plant Nnme 

SOL’RCF SAMPLISC FIELD D4T.A SHEET 
ES’ ,NLET 
RueLoT/ 

Plant Yates Station Boiler No. 1 
Train Size Fract. Partieuhte Run No. / 
Time Finish ,020 Tcsl Dumion 

Diamrtrr 
Nozzle Dia. * 3 75 inches 

opcmor blfb 

REMARKS 

C-206 



REMARKS 
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SOURCE SAMPLr.\u F‘ELD DAT.4 SHEET 
E.sP INLEr 

Plant Yates Station Boiler No. ~1 
Paps 1_ of L 

Plant Name 
Sampling Location F Train Size Fract. Purticulnte Run No. 3 
Due d47-?3T~cStarC 6’740 Test Duration 

DuccDiiioru 9’6” X +( A Initial Leak Rate 

PTCF 0.64 DGMCF I.OC’? 

:ti%$$-” “‘“20 Opentor 4&J 

PROBE LENGTH 

LINER MATERIAL -5 5 



ORSAT DATA SHEET 

Plattt- Plant Yates Station Boiler No. I 
Location f;;p /r\J 
Run No. / 
Date 

COtlUllt!llts 

operator 7WM 

Sorbing Reagents: (CW (02) (CO) 

u3 
%v 

co, = /o. r &W 
ot- 8. .C 

Averaged Results: 76 co2 -w 02 

% co 96 N2 

Dry Molecular Weight, MW (dry) = 

=0.44 +0.32 CO.28 
(7x02) (%W (%CO+ %N21 

Y-097 = + + - 
fun #LTratih @$ 

component hba 
Date L -zl - 93l Timelq_Sa_SmPW 
LabbhAt=h’& .cb-. 

Tare Wt. -Final wt. L c-2o9 



OF&SAT DATA SHEET 

Plant -Plant Yates Station Boiler No. 1 
Location ~57 G/e f 
Run No. % 
Date 6/2z/$3 

/ l 
clpc3tor 

Sorbing Reagents: 6% (CO) 

Averaged Results: % co2 /O<L.? 46 02 8.6 

46 co % N2 $h- 

Dry Molecular Weight, MW (dry) = 

=0.44 +0.32 +0.28 
(%CO2) (9602) (%CO + % N2) 

c-210 

= + +- Y-2.51 
Run#~Train 0cst-j+, $&?$@ 

Sk”:, 

SmpkTti Time 

Labm <;h ,A@.& (Cs-, 02 

Tare Wt. Final Wt. 

M 



ORSAT DATA SHEET 

Plant- Plant Yates Station Boiler No. I 

Lmation Z? SF lrl I< t 
Run No. 3 
Date 6 123 /q> 

Sorbing Reagents: 

COltUllCL5 

operator DlP 

(CO) 

Averaged Results: 56 co2 IO. 0 46 02 8.3 

w co 46 N2 60.4 

Dry Molecular Weight, MW (dry) = 

=0.44 +0.32 +0.2g 
(%CO23 (4bW (%CO + W N2) 

= + + - 

stun 
compottent b ..a 
Dateb -2.3 -9 ?b Tiie SmPlZk4-E 

Lab pfi c--to Analysis fi : o Z 

Tare Wt. Fittttl Wt. c-211 



ORSAT DATA SHEET 

Plant- Plant Yates Station Boiler No. I 

Location W&/,t 

RunNo. &+U& RUM 7- ! 
Date L/z<‘73 

Sorbing Reagents: W2) (02) 

Averaged Results: 96 co2 /ot I 9602 7.9 

46 co W N2 

Dry Molecular Weight, MW (dry) = 

c-212 

=0.44 f0.32 +0.2g 
(%CO2) (%W 14Ll-l-t + R N-n 

+ +. 
Y-337 

Run #/Train 0 Cfc~f- w ESP Outlet 

Lab nn S,‘+c Analysis Fir, _ 6, 
Tare W(g) Final Wt(g) 



ORSAT DATA SHEET 

Plant -Plant Yates Station Boiler No. 1 
Location ESP ZI, fp+ 

RunNo. 2-3 
Date b/Z+?3 

co-rs 

operator /MP 

Sorbing Reagents: cc6 (027 WI 

I I I I I I I 

Averaged Results: w co2 !I.% % 02 3.0 

% co % N2 

Dry Molecular Weight, MW (dry) = 

=0.44 +0.32 +0.28 
(WCO2) (802) (%CO + 46 N2) 

= + + Y-454 

.Run #~Ttai.n Des&l- ESP Outlet 
Stack 

Component Ms&r 

Date 6jLyk3 Tie 1400 Smplr JWrv\ 

LaboK% Analpi 0, 

TareWT(g) - Find Wt(g, - c-213 



TRAVERSE FIELD DATA SHEET 

PlantName Plant Yates Station soiler No1 Stack Diameter f~ ’ L” 6 qc 
I 

Sampling LocatIon- FS p IiJ LET Sample Port Diameter LJ” 

Date Sample Port Depth 
r, _ _ 

operator 7u&J/owl3-dm 
I 

Distance Upsrrcam 

Disrulce downstream 

CUCT WYlllU -..U1*1(1 ILOID”lndlmklU ,I 

I N”rml ,r- m. 01 A Drnrrr 

* * , 

! ’ , ?..Li &I, . . . I 3.2 ??‘I LI, !.,I I.‘, 7.4, >I, 7.1 1.1 

1. I Y 

:, 

/ 78 / 
.^ 

Traverse Points 



VLWCITV PROPILE FIELD DATA 

Plant Name 4gGk-f Pfc//A<~nGYq lJe/&l’,& &,,, f+&d f&&L 

5 /P f / / 
Sample Ident. 

(MMOOYY) Time Start Iloo (HHMM) Time Finish ‘2 3 0 (HHMM) 
Duct Dimensions y5 ’ 

PTCF G.YY 
8.5’ 2 ft. or OiameIsr ft. 

- %H,O =+ 7.0 
Bar Press. a.9.58 ” +‘g % co N N2 
Static Press. - t..c “Hz0 voco, 9.0 N Hz 
Operator Initials 4Y OJV. JWM 

% O* 7. Y 46 CH, 

Weather 4.r d0 : .7. 

?+& TC..P: ;1%3*F 

Rem&a k/*1 I-I. 12. c,J 

arF#n f 92 904 
OSCFcl 

C-217 



VEWCJTY PROPILE FIELD DATA 

Plant Name - 
Sampling Location Sample Ident. 
Date (MMDDYY) Time Start (HHMM) Time Finish (HHMM) 
Duct Dimensions J ft. or Diameter ft. 
PTCF - % I+*0 
Ear Press. ” 4 % co % N2 
Static Press ” Hz0 o/, CO, % Hz 
Operator Initials 

Vu 02 % CH, 

I I Stack Tm. F I I 

Remark3 

C-218 



VELOCITY PROFILE FIELD DATA 

Plant Name - 
Sampling LOcatiOn ~ Sample Ident. 
Oats (MMODW) Time Starl -(HHMM) Time Finish -(HHMM) 
Duct Dimenoons 2 ft. or Diameter ft. 
PTCF - %H20 _ 
Bar Press. 
Static Press. - (Jr iZ9 6 , c/ 

* 4 % co % N2 
” Hz0 % co, % n2 

Opwator Initials % 02 % CH, 

I I SuSk Rmo. Y vmctcy PmulJrn * ‘I# I hhn( ) 
I a- “1 1 r2 Avs. n 1 62 I C-I n 1 e2 Ave. 1 

I 305 I I lo.03 1 I I 

Weather 

Remarks 



VELOCITY PROFILE FIELD DATA 

Plant Nun. - 
Sampling Location ~ Sample Idsnt. 
Date -(MMDDYY) Time Stan (HHMM) Time Finish 
Duct Dimensions -x ft. or Oiametar 
PTCF - % Hz0 
Bar Press. ” Hg % co % N2 
Static Press. ” Hz0 %CO, % Hz 
Operator Initials % 0, % cn, 

(HHMM) 
ft. 

SuSk Tw”o. *F vHocI* Pnrrun * n,o -( ) 
Abe. rz I Inr al 02 Ave. 

I I 

220 . 



VELOCITY PROfIlE FIELD DATA 

Plant Name - 
Sampling Lccation Sample ldent. 
Date -(MMOOYY) Time Start (HHMM) Time Finish 
Duct Dimensions -x n. or Diameter 
prcF-- % Hz0 
Bar Press. ” 4 % co % N2 
Static Press. - Hz0 %CO, % Hz 
Operator Initials 

% 02 
% CH, 

(HHMM) 

n. 

Weather 

221 



6 cc 

VELOCITV PROFILE FIELD DATA 

Plant Name - 
Sampling LoCat’On ~ Sample Ident. 
Date (MMOOYY) Time Stan (HHMM) Time Finish 
Duct Dimensions r. ft. or Diameter 
PTCF 0 .sq - % Hz0 -7.3 
Bar Press. 7.9.58 ” Hg % co % N2 
Static Press. - 6 .q ” Hz0 % CO, % Hz 
Operator Initials IWC” % 0, 7.Y % cn, 

(HHMM) 
n. 

I I gs52.9 I I I I I I I 

Weather ,a: 

Remark9 nsc&t: 122, Y17 



APPENDIX D: 
QUALITY ASSURANCE/QUALITY CONTROL 

Appendix D presents a summary of analytical results for QC samples, estimates of measure- 
ment precision and accuracy based on analysis of QC samples, and potential limitations in 
the use of the data. 

Overall, QAlQC data associated with this program indicate that measurement data are 
acceptable and defensible. The QAlQC data indicate that the quality control mechanisms 
were effective in ensuring measurement data reliability within the expected limits of sampling 
and analytical error. 

Quality control data provide information for identifyiig and defining qualitative limitations 
associated with measurement data. The following key types of QC procedures provide the 
primary basis for quantitatively evaluating data quality: 

l Field and laboratory blank samples; 

l Duplicate field samples; 

l Matrix and surrogate spiked samples; 

l Laboratory control samples; and 

l Performance evaluation (audit) samples. 

Additional details of the project QAlQC program are documented in the DOE Quality 
Assurance Project Plan. 

Sample Collection 

Several factors are evaluated to determine acceptable sample collection. Key components of 
the sampling equipment including the Pitot tubes, thermocouples, orifice meters, dry gas 
meters, and sampling nozzles were calibrated in the Radian Source Sampling Laboratory 
before use in the field. These calibrations were also checked after the equipment was 
returned to the laboratory after the field activities. The presampling calibrations were 
reviewed by the Radian QA Coordinator as part of the on-site Technical Systems audit. 

D-l 



Appendix D: Qualiiy Assurance/Quality Control 

These calibrations as well as the post sampling calibrations are on file at Radian Corporation. 
Standard EPA methods or other acceptable sampling methods were used to collect the 
organic, metal, and anion samples; The sampling runs were well documented, and all gas 
samples were collected at rates of between 90 and 110% of the isokinetic rates. Sufficient 
data were collected to ensure acceptable data completeness and comparability of the measure- 
ments. 

Gas samples were collected from the ESP inlet, ESP outlet, and stack as integrated samples 
for most analyses over a specified time period. Solid samples of coal, limestone, bottom 
ash, ESP fly ash, and FGD slurry were collected at hourly intervals over each of the test 
runs. These individual grabs were combined to provide a single composite sample of each 
stream for each of the three test runs. Liquid streams were also collected as hourly grabs 
which were combined to provide a single composite for analysis for each test run. Liquid 
streams include the ash pond, gypsum recycle water, ash sluice Ntrates, FGD slurry filtrate, 
limestone slurry filtrate, and the inlet and outlet to the condenser. All sampling was 
conducted while the plant was operating at 85 to 100% of full load and should be representa- 
tive of typical operation for Plant Yates. 

Analytical Quality Control Results 

Generally, the type of quality control. information obtained pertains to measurement preci- 
sion, accuracy (which includes precision and bias), and blank effects that are determined 
using various types of replicate, spiked and blank samples. The specific characteristics 
evaluated depend on the type of quality control checks performed. For example, blanks may 
be prepared at different stages in the sampling and analysis process to isolate the source of 
the blank effect. Similarly, replicate samples may be generated at different stages to isolate 
and measure sources of variability. The QAlQC measures used as part of this program data 
evaluation protocol and the characteristic information obtained are summarized in Table D-l. 
The absence of any of these types of quality control checks from the data for a particular 
analytical technique does not necessarily reflect poorly on the quality of the data but does 
limit the ability to estimate the magnitude of the measurement error and hence, prevents 
placing an estimate of confidence in the results. 

As shown in Table D-l, different QC checks provide different types of information, 
particularly pertaining to the sources of inaccuracy, imprecision, and blank effects. As part 
of this program, measurement precision and accuracy are typically being estimated from QC 
indicators that cover as much of the total sampling and analytical process as feasible. 
Precision and accuracy measurements are based primarily on the actual sample matrix. The 
precision and accuracy estimates obtained experimentally during the test program are 
compared to the data quality objectives (DQOs) established for the program as listed in the 
project QAPP. 

These DQOs were not intended to be used as validation criteria but as empirical estimates of 
the precision and accuracy that would be expected from existing reference measurement 
methods and that would be considered acceptable. The precision and accuracy objectives are 
not necessarily derived from analyses of the same types of samples being investigated, 
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Table D-l 
Types of Quality Control Samples 

QC Activity Characteristic Measured 

Precision 

Replicate samples collected over time under 
the same conditions 

Duplicate field samples collected 
simuhaneously 

Duplicate Analyses of a Single Sample 

Matrix- or Media-Spiked Duplicates 

Laboratory Control Sample Duplicates 

Surrogate-Spiked Sample Sets 

Accuracy (Including Bii and precision) 

Matrix-Spiked Samples 

Media-Spiked Samples 

Surrogate-Spiked Samples 

Laboratory Control Samples (LCS) 

Total variability, including process or 
temporal, sampling, and analytical, but 
not bias. 

Sampling plus analytical variability at 
the actual sample concentrations. 

Analytical variability at the actual sam- 
ple concentrations. 

Sampling plus analytical variability at an 
established concentration. 

Analytical variability in the absence of 
sample matrix effects. 

Analytical variability in the sample 
matrix but at an established concentra- 
tion. 

Analyte recovery in the sample matrix, 
indicating possible matrix interferences 
and other effects. In a single sample 
indicates both random error (impreci- 
sion) and systematic error (bias). 

Same as matrix-spiked samples. Used 
where a matrix-spiked sample is not 
feasible, such as the stack sampling 
methods. 

Analyte recovery in the sample matrix, 
to the extent that the surrogate 
compounds are chemically similar to the 
compounds of interest. Primarily used 
as indicator of analytical efficacy. 

Analyte recovery in the absence of actual 
sample matrix effects. Used as an indi- 
cator of analytical control. 

D-3 



Appendix 0: Quality Aesurance/Quality Control 

Table D-l (Continued) 

QC Activity 

Standard Reference Material 

Characteristic Measured 

Analyte recovery in a matrix similar to 
the actual samples. 

Blank Effects 

Field Blank 
Total sampling plus analytical blank 
effect, including sampling equipment and 
reagents, sample transport and storage, 
and analytical reagents and equipment. 

Trip Blank 

Method Blank 

Blank effects arising from sample trans- 
port and storage. Typically only used 
for volatile organic compound analyses. 

Blank effects inherent in analytical meth- 
od, including reagents and equipment. 

Reagent Blank Blank effects from reagents used. 
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Although analytical precision and accuracy are relatively easy to quantify and control, 
sampling precision and accuracy are unique to each sample matrix. Data that do not meet 
these objectives are not necessarily unacceptable. Rather, the intent is to document the 
precision and accuracy obtained, and the objectives serve as benchmarks for comparison. 
The effects of not meeting the objectives should be considered in light of the intended use of 
the data. 

Table D-2 presents the types of quality control data reported for the program and a summary 
of precision and accuracy estimates. Almost all of the quality control results met the project 
objectives. 

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

l Chloromethane, methylene chloride, and tetrachloroethene were found in one or more of 
the field blanks analyxed for VOST. In many cases, the same concentrations were also 
found in the field samples. 

l A standard limestone sample (NIST 1C) was submitted blind as a performance audit 
sample. Aluminum, silicon, and sodium recoveries in this sample were below 5046, and 
the recovery of potassium was greater than 200 percent. This may indicate a similar low 
bias for these elements in the limestone process streams. 

. Selenium showed no spike recovery in the impinger solutions analyxed by GFAAS. 
However, selenium recoveries in the audit samples submitted by RTI showed recoveries of 
104 and 113 percent. 

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

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

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

The efficiency of the analytical procedure for a given sample matrix is quantified by the 
analysis of spiked samples containing target or indicator analytes or other quality assurance 
measures, as necessary. However, all spikes, unless made to the flowing stream ahead of 
the sampling, produce only estimates of the 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. 
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Table D-2 
Snmmary of Precision and Accuracy Estimates 

Ohjedivu3 MM 

---AMney 
iuamrlamtPalnnleier now Md (%RpD) (%R=mw) (%RW (%Remay) 

8emivohLile Ogtios in Ou Solid Ph.a - Rcsisior.- Mmix-Spikd Duplicates 
SW8270 
Acemphlbeae 
4-Chlo~3-mcthylpheml 
2-chlompheml 
1,4-Dichlombe~c 
2,cDinilro(oluerle 
rrNiiwdipmpybine 
u4iihcnol 
Pemchlomphelwl 
Plmrnl 
Q== 
1.2.CTrichlmhen~crs 
scdvoLtilc OTprdsr in Ply Ash - 
SW8270 
kx.mphthene 
4-Chloro-3-msthylpheml 
2-chlomphcnol 
1.4-DiChlOmb~~ 
2.cDildvourl~ 
nNitrmndipmpylandac 
4-Nimpheml 
Pellucid 
PhclKd 
F-Y== 
1.2,4-Trichloruhemcne 
SendvoMile Organica in POD Solids - 
SW8270 
Acemphthelv 
4-adorw3-mnhylphcnol 
2Chlomphcml 
1,cDichlomhcIlzenc 
2,~Diti~lum 
n-Nimmdiimpyhninc 
4Nilrophcml 
Pauchlorcqheml 
I4Ud 
pY== 
1,Z.CTrichlaobcrucnc 
scmi”c.htilc orplicicr in .quw s-ma 
- SW8270 

Acaphthc~ 
4-CUxc-3-mcthylphcml 
2-chlotopheml 
1.4L3ichlombemme 
2,~LIinitmtoluane 
s-Niuosodipmpylaminc 
CNiuophcml 
Peauchlo+eml 
PhClW, 
PYMC 
1.2.CTtichlombcllzcw 

54 47-145 4.1 86 
69 22-147 5.0 84 
62 23-134 3.0 82 
58 20-124 3.2 80 
55 39.139 3.2 78 
130 0.1-230 6.3 60 
7S 0.1-132 7.0 89 
84 14-176 9.0 45 
43 5-l 12 3.4 58 
36 52.115 4.1 86 
55 44-142 4.0 90 

54 
69 
62 
58 
55 
130 
73 
84 
43 
36 
55 

54 47-145 7.3 S2 
69 22-147 9.3 76 
62 23-134 7.1 84 
58 20124 8.7 80 
55 39-139 4.0 74 
130 0.1230 14 52 
78 0.1-132 14 92 
84 14-176 4.1 74 
43 S-112 5.5 73 
36 52.IIS 4.4 90 
55 44-142 9.8 92 

Pmcihrr Matix-Spikcd Dupliates 
Acwncy - Matrix Spiker 

54 
69 
62 
58 
55 
130 
78 
84 
43 
36 
55 

47-145 1.3 82 
22-147 5.6 84 
23-134 1.8 84 
20-124 2.5 81 
39-139 2.7 76 
0.1430 7.8 60 
0.1-132 37 49 
14-176 5.3 64 
S-112 2.7 76 
52-115 17.7 489 
44-142 1.2 89 

47-145 II 79 
22-147 10 83 
23-134 10 80 
20-124 6.8 72 
39-139 7.4 82 
0.1-230 12 75 
0.1-132 8.6 47 
14-176 II 72 
s-112 12 40 
52-115 7.6 78 
44-142 9.7 82 
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Table I)-2 (Continued) 

MaplwamPW 

Dioxh md Furam in Stack Oar Solid 

Dhjstiwd Md 

-Aeavrym- 
Bahtesmnd (% RPD) (% Reumry) (B RPD) (%Remvery) 

Ruse 
“C,-2.3.7,8-TCDF 
“C,-2.3.7,8-TCDD 
“C,-1.2,3.7,8-PeCDF 
“C,-1,2,3,7,&PeCDD 
“c&-l .2,3,6.7,8-HxCDF 
“C,-1.2.3,6.7,8-HxCDD 
“C -1 2 3 4 6 7,8-HpCDF ” s.7.7 
‘~c,-1,2.3,4,6,7,8-HpCDD 
‘C,-1,2,3,4,6,7,8,9-OCDD 
PCDDIPCDF 

Rccirion: NA 
*csunsy: lmcrml swrd Rccow-j 

50 40-120 
50 40-120 
50 a120 
50 40-120 
50 40-120 
50 40-o-120 
50 40.120 
50 &I20 
SO 40-120 

40.120 
40-m 
40120 
a120 
a120 
40.120 
a120 
40120 
40.120 

70-130 
70-130 
70130 
7&130 
70-130 
70-130 
70.130 

50 70-130 
50 70-130 
50 70-130 

50 50-150 
50 50-150 

50 50-150 
50 50.150 

“C,2.3,7,8-TCDF 
“C,-2,3,7,&TCDD 
“Cc,-1,2,3,7,8ACDF 
‘r,-1,2,3.7,8-PeCDD 
“C,-1,2,3,6,7,8-HxCDF 
“C,-1,2.3,6,7,8-HxCDD 
iC,-l.2,3.4,6,7.8-HpCDF 
‘r,-1,2,3.4,6,7,8-HpCDD 
‘c,l,2.3.4,6,7,8,9~DD 
PCDDIPCDF in Stwk 0” 

“Cl.-2J,7,8-TCDD 
“C,-2,3,4,7,8PeCDF 
“CC,-1,2,3.4,7,8-HxCDF 
‘C,-1,2,3.4,7,8-HxCDD 
“C -1234789-HpCDF ” .>.,.* 
‘C,,-1.2,3.7,8,9-HXCDF 
“C -2 3 4 6 7 8-HxCDF ” .,*.. 
v0*tilc oqmics in v.por Fhaw 
SW11240 
1,243ichlomcthmd4 
Tolueaed8 
4-BmmOflUaobeaanc 
Aldehydcs in Vlpor Pkar 

Aceuldehydc 
Fcmaldehyde 
AIdehyde. in Aqwxa Streams 

Acec.ldekyde 
Forrmldekyde 

Frccisioion _ NA 
*cc”mcy - Intern, SlMdald Ruwvcly, 
avenge for alI umplu l alpd. 

Prccisicm - NA 
Amnsy - Su-te Spike Recovery, 
.verage for asI “mpk. uulyrcd. 

F’rekion - NA 
*ceumy . sum*.lc spike Recovery 

Precilcm - Duplhe hlyset 
Acwmy _ Mmix Spiked Sampler 

Recision - Duplicue Analyser 
Aceuncy - Mati Spiked Sampler 

60 
61 
56 
63 
69 
69 
57 
64 
50 

57.2 
54.7 
55.7 
63.3 
69.2 
69.0 
57.1 
63.6 
50.0 

118.4 
113.2 
120.8 
141.6 
104.7 
75.4 
84.3 

114 
101 
IO8 

10 94 
36 90 

14 101 
I8 94 
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Table D-2 (Continued) 

-alParameter 

Mcwl in 0” sdid Fiuu - ICP-AES 

ohjecliw Measured 
PrudakaAenny-Accuncy 

How Msgued (+ RPD) W Bemw~) (% RPD) 6% Rsorwy) 

N”min”m 

iz? 
Belyui”rn 
chlvmium 
COtNIl 
-PW 
Mm 
Molybdenum 
Nickel 
Vuudium 
Met& in 0.1 Solid hr - ICP-AE.3 

N”mk”lrn 
MY 
BUi”Ol 
Beryui”m 
Chkium 
cbmrni”Ul 
cnhdt 
-QP- 
lmn 
Magauium 
MuylD= 
PoluIium 
Nickel 
Silicon 
sodium 
Svnrivlll 
TitWli”~ 
Vanadium 
zinc 
Metah in GM V+wr Fhaac _ ICP-AES 

N”l”iZXUO 
AlXilDOUy 
earium 
BqUium 
Bmm 
chmmium 
COh8k 
-PF- 
M-s-= 
Molybdenum 
Nickel 
Vanadium 

hcunoy _ Matrix-spiked 8anple 
20 
ii 
20 
20 
20 
20 
20 
20 
20 
20 
20 

Pm&ion - NA 
Acouncy - slmdatd referclvc muetial 
(NET 1633. Fly hi,) 

20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 

Precision - Matrix-apiked DupScatcs 
Accuracy - Matti-spik:cd Sample 

20 
20 
20 
20 

20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 

75-m 
75-m 
75-m 
75-125 
75.125 
75-m 
75-m 
75-m 
75-125 
75-m 
75-125 

W 62Q 
20 84 

304 75 
<I 89 
2.9 88 

I 91 
93 
91 

3.7 94 
5 89 

2.2 94 

75-125 94 
75-m NC 
75.125 82 
75.125 1479 
75-m 99 
75-m 96 
75-125 88 
75-m 95 
75-125 93 
75-125 95 
75-m 94 
75-m 109 
75-m 94 
75-m 98 
75-m 96 
75.125 92 
75-m 97 
75-125 95 
75-125 97 

75-125 <I 104 
75-m 4 101 
75-m 0 106 
75-125 0 108 
75-125 2.9 104 
75-125 0 105 
75-125 0 102 
75-125 0 105 
75-125 <I 104 
75.125 2.0 IW 
75-m 0 lo2 
75-125 0 107 
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Table D-2 (Continued) 
objeairrr Md 

pmriGmAaalncyRrcirionAcovry 
-at- Bow Mmmred maPro (%slamry) WRPD) mRsorely) 

MeId. in Ou Vqm Phase - ICP-AES Pmcision - NA 

Beryllium 
Cakiim 
Chromium 
C&U 
Copper 
Iron 
Ibfallge 
Molybdrmm 
Niikel 
Vanadium 
MeadsinCd-uiM8 

-Y 
Buium 
Eeryuium 
am-m 
chromivm 
cobalt 
Coppu 
m-e 
Molybdenum 
Nickel 
Vundium 
Meals in Limeslolu - ICP-AFS 

Aluminum 
Calcium 
km 
k4*glluium 
hfulgmr 
Pouuium 
suicm 
Sodium 
8lx-caium 
MeUlr in FGD Solids. ICP-AES 

-ny 
aui”rn 
Beryllium 
Baon 
cilmmium 
Ccbak 
copper 
Msngantpc 
MOlyMenurn 
NiCkd 
V*dium 

20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 

Precision - NA 
kcuncy - sundud Refersme Mued 
(NLvr 1632b COI,, 

20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 

Rcfisioo - NA 
Ascuncy- stmdwd refecelre mme~ 
NET timrtolv IC) 

20 
20 
20 
20 
20 
20 
20 
20 
20 

Rccirion _ MMrix-rpiked Duplicates 
Acouncy Matrix-ipiked Samples 

20 75.125 
20 75-125 
20 75-m 
20 75-125 
20 75-125 
20 75-125 
20 75-125 
20 75-125 
20 75-125 
20 75-m 
20 75-125 
20 75-m 

75-125 93 
75-125 101 
75-125 109 
75-125 99 
75-125 100 
75.125 119 
75-m 93 
75-m 97 
75.125 108 
75-125 102 
75-125 I03 

80-120 
80-120 
80.120 
80-120 
80-120 
W-120 
80-120 
EC-120 
EC-120 
E&l20 
80-120 

94 
99 
I09 
99 
99 
NC 
99 
I03 
102 
99 
97 

73-125 149 
75-125 101 
75-125 7OQ 
75-125 694 
75-125 744 
75-125 7-249 
75-m l.5Q 
75-125 47Q 
75-125 97 

8.7 94 
4.7 83 
6.0 84 
4.6 81 
289 91 
5.7 82 
5.6 78 
5.1 87 
15 79 
5.1 79 
5.0 79 
5.6 84 
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Table D-2 (Continued) 
ObjgtirDs Meawued 

PIw&&mkewacyRacaion~ 
hbruQBtPamme&r Em?Mumd (a RPO) (%Recowy) (+RPDb (% Rpcorery) 

Mali in ESP Ely Ask - ICPAES Rcfiiion - MNcix-spiked Duplicates 
ACCU~S~ _ Ma-ix-spiked Smph 

20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 

20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 
20 

20 
20 
20 
20 
2n 
20 
20 
20 
20 
20 
20 
20 
20 
20 

20 
20 
20 
20 
20 

20 

20 

Alvminum 
AaimDny 
Barium 
Buyuium 
Ch&“rn 
cabal1 
Ccppm 
M-w== 
MOlybdWlUlll 
Nickel 
Vmdium 
Mad, in Aquwlu Pmceu stream9 - 
ICPAJZS 
Aluaimlm 
-Y 
Buium 
BeryUium 
amva 
anrmium 
C.&d, 
=-PF+r 
M-w== 
M*@dCllUtll 
Nickel 
Vundium 
Metal9 in Aqqucau Pnxcu stream - 
ICPAES 

-Y 
%~lliUUI 
Chlcium 
chmmivm 
CObA1 
Coppr 
h 
Magnesium 
MW= 
Molybderum 
Nickel 
Titanium 
Vuvdivm 
zinc 

precision - Marix-spike.3 Duplicates 
Acsunsy _ Murix-spiked Smpkl 

Precision - NA 
Acs"my - PcrfmmMc c Audit Smmplu 
(2 conc~timn) 

Meads in Gas Vapor Rule - 0FAA.S and Pm&ion _ Mmix spiked Duplic&s 
CVAAS Accuncy - Matrix Spiked Samplea 
Arsenic 
CSdmiUllI 
Lad 
Mcrcwy 
sehimn 
Metals in G.s Solid m.se - CVAAS 

Mercury 

Pmsision Matrix spiked Duplisarcr 
Accuncy - Mmix Spiked Smplu 

Melds in Ciu Vapor Piuse - CVAAS 

Mercury (IMnO, Impinger Solution) 

Pxcirion _ NA 
*ccuncy - Perf-we Audit Sampler 

75-125 16 78 
75-m 8.4 91 
75-125 10.2 85 
75-m 1.8 92 
75-125 1.7 94 
75-125 1.8 93 
75-m 2.4 95 
75.125 2.5 92 
75-m 4.5 84 
75.125 5.2 96 
75.125 2.8 94 

75.125 4.4 96 
75.125 16 87 
75-m 7.6 99 
75-125 4.4 92 
75-125 1.0 96 
75-125 4.9 92 
75-m 4.6 89 
75-125 4.0 96 
75-m 4.5 92 
75-m 4.8 89 
75-m 7.3 90 
75-125 3.6 95 

75-m 127QI82 
75-m 99l93 
75-m 1694 
75-m 94,97 
75-m 100187 
75-m 96/110 
75.125 103/139Q 
75-125 l3lQ 
75-125 96195 
75-125 98/114 
75-125 104/111 
75-125 98 
75-125 96,104 
75.125 99 

75-m 
75.125 
75.125 
75.125 
75.125 

‘Is-125 

4.0 
<I 

45Q 
1.3 

94Q 

1.0 

loo 
114 
84 
98 
0 

75.125 33Q 
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Table D-2 (Continued) 
Objedims MM 
. ---k.cmcY 

-Palameler Aow Mm (%RPD) (%Rsony) (+RPD) (‘bFWorw) 

Meads in Rocwr Solid Svrrmr - GFAAS Precision _ Matrix spiked hpliulu 
uidcvAA.5 
*Ids 
cadmium 
M 
MwJry 
SLSkni”Ill 

MeUh in Solid Ft.u - OFA. ud 
CVAAS 

tic 
lzdmiuln 
Lad 
Melruty 
Selenium 

MeldsinAqveovrProceMStrumr- 
GFAA.3 md CVAAS 
kICld0 

ckdmium 
Lxd 
Mercuy 
.s.3krdum 

Meula in Aqueous Plwccv strums - 
GFAAS .nd CVAAS 

Arsenic 
Cldmium 
bad 
selcldum 

Meti in Gas “apa - ICFMS 
oiNO&& hpiir solulion) 
-Y 
ksude 
Beryuium 
Cadmium 
Chromium 
cobalt 
Coppcf 
Lad 
M- 
MolyMcnum 
Nickel 
.wsnium 
VuYdium 

‘4ccvncy - Mmrix spiked S.mplcr 

Recition - NA 
*.mney - s-d rcfcmlrc mamid 
(?iWT 1633a Fly Ash) 

hision - M&x Spiked Dupliutei 
Accuracy _ M*lrix Spiked Sur4pk.s 

Rtsisim - NA 
Accumsy - Perfonnrrrc Audit Sunpkr 
(2 concc~lionr) 

Reoirion - NA 
Accuncy - Perfomcce Audit Sample* 

20 
20 
20 
20 
20 

20 
20 
20 
20 
20 

20 
20 
20 
20 
20 

20 
20 
20 
20 

NA 
NA 

NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 

75-125 <I 104 
75-125 8.8 110 
75-125 I.2 86 
75-125 2.6 107 
75-125 25.39 103 

75-125 
75-125 
75-125 
75-125 
75.125 

NA 
NA 
NA 
119 
NA 

75-125 4.2 99 
75-125 2.2 108 
75-125 I2 76 
75.125 2A.6Q 35Q 
75.125 41.29 76.4 

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

94noo 
93lloo 
99196 
%I50 

NA a9 
NA 109 
NA 98 
NA 97 
NA 97 
NA 88 
NA 63 
NA 87 
NA 97 
NA 94 
NA 90 
NA 106 
NA 93 
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Table D-2 (Continued) 

-stPnaueta 

Fsnc.table Metals - ICPlMS 
Nitric wid diite) 
-Y 
Almnic 
awlurn 
aeryllium 
Cadmium 
Cbmmium 
cob* 
CopPer 
Iad 
i-w=- 
Mercury 
Molybdenum 
Nickel 
wudum 
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97 
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NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
NA 
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NA 

NA IW 
NA NC 
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NA 79 
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NA 129Q 
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Table D-2 (Continued) 
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Representativeness expresses the degree to which sample data accurately and precisely 
repmsent a characteristic of a population, parameter variations at a sampling point, or an 
environmental condition. The representativeness criterion is based on making certain that the 
sampling locations are properly selected and that a sufficient number of samples are 
collected. 

Comparability is a qualitative parameter expressing the confidence with which one data set 
can be compared to another. Sampling data should be comparable with other measurement 
data for similar samples under similar conditions. This goal is achieved using standard 
techniques to collect and analyse representative samples and by reporting results in appropri- 
ate units. Data sets can be compared with confidence when the precision and accuracy is 
known. 

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

Semivolatile Organics 

Precision. The precision of the semivolatile organic analyses was estimated using matrix 
spiked duplicate pairs. The precision was met for all of the gas-phase solid samples, the gas 
vapor-phase samples, the solid stream samples, and aqueous-phase sample streams. The 
precision estimates are summarixed for each stream in Table D-2. 

Accuracy. The accuracy of the semivolatile analyses was estimated using matrix spiked 
duplicate samples. All of the spiked compounds analysed in the gas solid-phase samples and 
the aqueous process streams were within the accuracy objectives. Matrix spikes into the 
solid process streams were all within the recovery objects for all analytes in the FGD solid 
stream and all the except pyrene in the ESP ash solids. Recovery for pyrene was 5 1% and 
56% (project objective--52-115%) for the ESP ash sample and 48% and 37% for the ESP ash 
field duplicate. 

B/an& Effects. Acetophenone and benxoic acid were found in one or more of the field 
blanks associated with the gas-phase solids analyses. The concentrations of these compounds 
in the blanks, however, were not significant in comparison to the concentrations found in the 
samples. Several phthalates were also found in the field blanks. The concentrations found in 
the samples were about the same level as found in the blanks and are therefore considered an 
artifact of the sampling and handling process. 

Volatile Organics 

Precision. Precision for volatile organic analysis of the aqueous process streams was 
estimated using matrix spiked duplicate samples. The 50% precision objectives were met for 
each of the volatile analytes used for the matrix spikes. 

D-14 



Appendix D: Quality Assurance/Ouality Control 

Accuracy. Accuracy for the volatile organic analyses in the aqueous process streams was 
estimated using matrix spiked samples and accuracy for the gas vapor-phase streams was 
estimated using surrogates spiked into each sample prior to analysis. The accuracy objec- 
tives for recoveries ranging from 0.1% to 234% were met for all analytes of interest (actual 
recoveries ranged from 70-13646) for the aqueous streams. Accuracy objectives for 
surrogate recoveries of 70 to 130% for the gas-phase streams were met for all samples 
except for toluened8 in one stack sample. Accuracy based on the analysis of hvo laboratory 
method spikes met the recovery objectives for all analytes of interest except for one acetone, 
chloromethane, chloroethane, and methylene chloride spike. 

Hank Effects. Chloromethane, methylene chloride, and tetrachloroethene were found in 
one or more of the field gas vapor-phase blank samples. In most cases these compounds 
were found in the investigative field samples at about the same level as in the field blank or 
at lower concentrations. The sampling, handling, and transport from the field may have 
contributed this observed contamination. Chloromethane and methylene chloride were also 
found in one laboratory blank. 

Aldehydes 

Precision. Precision for the aldehyde analyses was estimated using duplicate sample 
analyses. The precision objectives of 50% were met for both formaldehyde and acetaldehyde 
in the gas vapor-phase samples and the aqueous prccess stream sample analyses. 

Accuracy. Accuracy for the aldehydes was estimated using matrix spiked samples. The 
project accuracy objectives of recoveries of 50-150% were met for the gas vapor-phase and 
aqueous stream sample spikes for both formaldehyde and acetaldehyde. 

Blank Effects. Formaldehyde and acetaldehyde were found in concentrations (3.8-8.2 pg, 
formaldehyde; 2.7-8.6 pg, acetaldehyde) above the reporting limits in the field blanks to the 
gas vapor-phase sampling train. Low levels (within 3 times the detection limit) of these 
analytes were also found in two of the four laboratory (method) blanks but were not found in 
the trip blanks. 

Precision. The precision of metals analyses by ICP-AES, GFAAS, and CVAAS was 
estimated for samples using matrix-spiked duplicate samples. The precision objectives (RPD 
<20%) were met for all target analytes analyxed by ICP-AES except aluminum and barium 
in the gas solid-phase spiked samples and boron in the process solid-spiked samples. The 
precision objectives for the GFAAS analyses were met except for lead in the gas vapor-phase 
matrix-spiked samples, selenium in the process solid matrix-spiked samples, and mercury and 
selenium in the aqueous process stream matrix spikes. In most of these cases, the concentra- 
tions of the analytes of interest were within 10 times the detection limit where the precision 
would not be expected as good or the spiked amount was low (< 4 times) the amount found 
in the original sample. 
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Accuracy. The accuracy of metals analyses was estimated for the gas solid-phase samples 
using standard reference material (NIST 1633a fly ash) submitted blind to the laboratory as a 
performance audit sample. All of the metals analyzed by ICP-AES were within the 75125% 
accuracy objectives except for beryllium (147%) which was recovered above the objectives. 
The fly ash (NIST 1633a) reference standard was also submitted for GDMS analysis. The 
results for this analysis are shown in Table D-2. Accuracy objectives were not assigned to 
the GDMS analyses since this technique has not been validated or widely used for these types 
of samples at the present time. However, the recoveries have been compared to the accuracy 
objectives for ICP-AES and flagged with a Q when outside the QC objectives. 

The accuracy of the metals analyses was estimated for coal samples using a standard 
reference coal sample (NIST 1632b) submitted blind to the laboratory. All of the metals 
analyzed by INAA in the reference sample were within the 75-125% accuracy objective. 

The accuracy of the metals analyses was estimated for the limestone samples using a standard 
reference limestone (NIST Limestone IC) submitted blind to the laboratory. The results 
show that the recoveries for most of the metals were outside the 75-125 % accuracy objec- 
tives. Aluminum, silicon, and sodium recoveries were 50%, and the recovery for potassium 
was greater than 200 percent. The recoveries of these analytes may show a similar bias in 
the limestone process streams. 

The accuracy of the metals analyses for the gas vapor-phase samples and the aqueous process 
streams were estimated using performance audit samples prepared from EPA reference 
standards. The gas-phase audit sample was prepared in the solutions used for the impingers 
(multi-metals train) and the two aqueous-phase samples were prepared in HPLC grade water. 
The results show that the recoveries of all the metals analyzed by ICP-AES and GFAAS 
were within the 75-12596 accuracy objectives except Sb (127%), Ca (169%), Fe (139%), and 
Mg (131%) by ICP-AES and Se (50%) and Hg (33%) by GFAAS. The concentrations of 
these elements in the samples were at or near the detection limit and are not expected to be 
as accurate as concentrations at higher levels (at least 10 times the detection limit). The gas- 
phase audit sample prepared in the HNOr/H,O, impinger solution was also analyzed by 
ICPIMS. The results for this analysis showed recoveries ranging from 83 to 109%, all 
within the accuracy objectives for ICP-AES (accuracy objectives were not assigned for 
ICP/MS). 

Matrix-spiked samples were also used to determine the accuracy of the metals analyses in the 
gas, process solids, and aqueous process matrices. Recoveries for the target analytes were 
within the 75-12596 accuracy objectives except for selenium (0% recovery) in the gas vapor- 
phase matrix mercury (35% recovery) in the aqueous process stream matrix. 

Blank Effects. Aluminum, iron, manganese, and nickel were found at concentrations above 
the reporting limits in the field blanks to the gas vapor-phase sampling train. These elements 
were also found to a lesser extent in the impinger reagent blank solutions. Field blank Nters 
combined with probe/nozzle rinses were also analyzed to determine the contribution of the 
filter media to the gas solid-phase components. Background or blank correction was 
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performed for the gas-phase samples using the results of the analysis of the impinger reagent 
blanks and the blank filter media. 

Anions 

Precision. Precision for the anions analyses was estimated for the gas vapor-phase samples, 
process solid streams, and aqueous process streams by the analysis of matrix spiked samples. 
The precision objectives of 20% were met for chloride, fluoride, and sulfate except for 
chloride and sulfate in one matrix spike pair from the stack with RPDs of 22 % and 24%) 
respectively. 

Accuracy. Accuracy for the anions analyses was estimated using matrix spiked duplicate 
samples. The accuracy objectives of 80-120% recovery were met for all analytes and all 
sample matrices except for the fluoride spikes into the ESP ash solid samples with recoveries 
of 56% and 60 percent. A performance audit sample was submitted for analysis of the target 
anions in an aqueous matrix. The recoveries for this sample were outside the accuracy 
objectives for all three analytes. This sample was prepared with each analyte concentration 
at the MDL; therefore, no corrective action was initiated. 

Cyanide, Ammonia, and Phosphate 

Precision. Precision for the cyanide, ammonia, and phosphate analyses was estimated using 
matrix spiked duplicate sample analyses. The precision objectives of 20% were met for each 
of the analytes for both the gas vapor-phase and aqueous process streams except for ammonia 
spikes into the JBR process liquids. The spike concentration was tot low in comparison to 
the level found in the native process sample. 

Accuracy. Accuracy for ammonia, cyanide and phosphate was estimated using both matrix 
spiked duplicate samples and “double blind” performance audit samples. The accuracy 
objectives (cyanide, 75-12596; ammonia, 80-12096; phosphate, 75-125%) were met for all 
matrix spiked samples except for the ammonia spikes into the JBR process liquids with 
recoveries at 60 and 273 percent. Recoveries for the performance audit samples met the 
accuracy objectives for all analytes with recoveries of 88% for ammonia, 80% for cyanide, 
and 97% for phosphate. Recoveries for performance audit samples spiked into the gas 
vapor-phase impinger solutions were not as good as the aqueous spiked audit samples. The 
recovery for ammonia in the impinger solutions was 63% and the recovery for cyanide was 
50 percent. The aqueous spikes and impinger spikes were performed using the same spiking 
solutions and were spiked at the same concentration levels. 
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Performance Evaluation Audit Samples 

Performance audit samples are samples of known composition which provide a point-in-time 
assessment of analytical performance. Audit samples were prepared for this study by spiking 
known concentrations of target analytes from EPA Quality Control Check material, vendor- 
certified standard material, or standards obtained from NIST (formerly NBS). Audit samples 
are similar to QCCS except that they are submitted “double blind” to the analytical laborato- 
ry. That is, the laboratory does not know the identity or composition of the audit samples. 

Audit samples were prepared at concentration levels simulating the expected range of the 
analytes in the field samples when possible. Organic audit samples were not prepared 
because the laboratories performing organic analyses have consistently shown acceptable 
performance on surrogate recoveries and internal quality control samples. Results for these 
samples are shown in Table D-2. 

Quality Assurance Audits 

The purpose of a quality assurance audit is to provide an objective, independent assessment 
of a sampling or measurement effort. It ensures that the sampling procedures, data generat- 
ing, data gathering, and measurement activities produce reliable and useful results. Some- 
times inadequacies are identified in the sampling/measurement system and/or the quality 
control program. In such cases, audits provide the mechanism for implementing corrective 
action. 

A technical systems audit (ISA) is an on-site, qualitative review of the various aspects of a 
total sampling and/or analytical system. It is an assessment of overall effectiveness and 
represents a subjective evaluation of a set of interactive systems with respect to strengths, 
deficiencies, and potential areas of concern. The audit consists of observations and docu- 
mentation of all aspects of the measurement effort. Checklists that delineate the critical 
aspects of each methodology are used by the Radian auditor during the audit to document all 
observations. In addition to evaluating sampling and analytical procedures and techniques, 
the systems audit emphasixes review of all recordkeeping and data handling systems 
including: 

l Calibration documentation for analytical instrumentation and sampling apparatus; 

l Documentation of quality control data (control charts, etc.); 

l Completeness of data forms and notebooks; 

l Data review and validation procedures; 

l Sample logging procedures; 

l Chain-of-custody procedures; 
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l Documentation of maintenance; and 

l Review of malfunction reporting procedures. 

A technical systems audit of the Radian sampling and on-site analytical efforts was conducted 
on June 23 - 25, 1993 at Plant Yates by Barbara Hayes, a member of Radian’s Quality 
Assurance Section. No critical or major concerns were observed during the audit; therefore, 
no Recommendations for Corrective Action (RCAs) were made. The sampling team was led 
by Dave Virbick and the analytical team was led by David Maxwell. The sampling team 
appeared well versed in the sampling methodology and requirements of the program. The 
equipment and instrumentation were generally in good working condition. All sampling and 
measurement procedures conformed to those described in the site Management Plan. 
Sampling information and any problems encountered were recorded onto preformatted data 
sheets or into bound laboratory notebooks. Duplicate samples were collected for the solid 
and aqueous streams at a rate of ten percent or one duplicate set per sample type (bottom 
ash, fly ash, etc.). 

Sample collection procedures used by the sampling team followed those outlined in the site 
test plan. A detailed sampling schedule was used by the team to guide the collection of the 
samples for each analytical species at each sampling point. 

No problems were identified with the sample custody procedures or documentation. A 
detailed master logbook was prepared prior to the field effort for all samples to be collected 
during each sampling period. This log was updated as the various samples were collected 
with the actual dates and times of sample collection. Samples were labelled with 
preformatted sample labels and stored at ambient temperature or cooled as required by the 
analytical species. Chain-of-custody forms were flled out and the samples were prepared for 
shipment to the laboratories for analysis. 

Calibration of all on-site equipment was checked and found to be up-to-date. The analytical 
balance and top loading balance in the on-site laboratory trailer had been calibrated and 
certified within the past year. In addition, certified weights were available for daily balance 
checkout. All dry gas meters, consoles, Pitot tubes, and nozzles had been calibrated in the 
Radian Source Sampling Laboratory prior to being transported to the field location. 
Documentation for each of the observed instruments and equipment in use could be found in 
the records maintained by the sampling crew chief in the on-site laboratory. Sufficient 
replacement units were on hand to allow for breakage or equipment malfunction. 

Recordkeeping practices by the project team were observed to be sound. Entries were made 
onto prefonnatted data sheets in ink, without erasures, signed and the time noted as each 
sample was collected. 

Coal Round Robin 

An interlaboratory study consisting of a coal round robin analysis was conducted by 
CONSOL, Inc. The objective of this round robin study was to estimate the analytical 
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variability one can expect on trace element analyses when comparing results from the same 
laboratory or results from two or more laboratories. The results of CONSOL’s study is 
contained in the document entitled “Interlaboratory Variability and Accuracy of Coal 
Analyses in the U.S. Department of Energy Utility Air Toxics Assessment Program,” which 
follows this section. The results from Radian’s laboratory are designated as “Lab III” in the 
above referenced document. Radian’s objectives in assessing this data are (1) to compare 
Radian’s round robin results with the overall results of the study, and (2) based on this 
assessment, determine if a change in any of the analytical methods for Phase II should be 
made. 

The analytical accuracy for each laboratory involved in the round robin study was measured 
by a comparative analysis of a standard reference material (SRM) coal sample (NIST 1632b). 
Each laboratory’s analytical results for the standard reference material were compared to the 
certified or informational (non-certified) values. The round robin criteria for accurate results 
was 90-11096 recovery of the SRM’s certified value. (This is more stringent than the 80- 
120% recovery objective established for the program at Plant Yates). The following 
discussion addresses the performance of Radian’s subcontracted coal laboratories with respect 
to the accuracy and precision assessments conducted by CONSOL on the NIST SRM. 

Discussion of Results 

The results of Radian’s analysis of the SRM and the SRM-certified values are shown in 
Table D-3. Accuracy and precision objectives for the SRM coal in the round robin study 
were met by Badii for all ultimate and proximate parameters (W ash, C, H, N, S, and 
HHV) with the exception of one sulfur analysis which was reported outside the objective 
range for accuracy and precision. The methods used for ultimate, proximate, and HHV 
analyses are current ASTM protocols and are consistent with the methods used by most of 
the other laboratories. No change in the analytical approach for Phase II of this project is 
warranted. 

Major ash minerals were primarily determined by instrumental neutron activation analysis 
(INAA). Silicon dioxide (SiOJ and sulfur trioxide (SO,) were not reported for the Plant 
Yates or the round robin study. The accuracy and precision objectives were met for all 
major ash minerals reported except calcium, magnesium and potassium. For future work, 
other ASTM methods (ASTM D-4326 or alternate) should be used to improve analytical bias 
and precision for these elements. This is especially important where these major elements 
are considered key factors in assessing mass flow rates in material balance closures. 

Radian analyzed most of the trace elements in coal by INAA. Other methods of analysis 
using different preparation techniques were performed for As, B, Be, Cd, F, Hg, Pb, and 
Se. Of the target trace elements, 82% were detected. Cadmium, copper, and nickel were 
not detected. The results for copper and nickel are surprising, since this same SRM (1632b) 
was used as an internal audit sample during the Plant Yates study, and recovery by the same 
method (INAA) was 99% for both elements. Cadmium was determined by ICP-AES and this 
technique does not have the sensitivity to detect cadmium at the levels present in the SRM. 
Analysis of cadmium by graphite furnace-AA will be specified in Phase II of this project. 
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The accuracy objectives of the round robin study were met for 50% of the detected trace 
elements. Elements meeting accuracy objectives were barium, chromium, cobalt, and 
vanadium. Certified values for boron, beryllium, fluorine, and mercury are not available for 
this SRIvl, so no accuracy measurements were performed for these elements in the round 
robin report. However, the results for these noncertified elements appear consistent with 
those from the other laboratories. Elements that did not meet the 90-l 10% recovery range 
were arsenic, cobalt (1 result), manganese, molybdenum, lead, antimony, and selenium. 
(Antimony, manganese and molybdenum SRM recovery values obtained during the Plant 
Yates study were well within the 90-11046 objective of the round robin study. See Table 
D-2.) 

One of the requirements of the round robin study was tc report analytical results for the 
target analytes that were determined by the same methods used to report plant coal sample 
results. For the Yates project (and the coal round robin study), Radian performed multiple 
techniques for some elements (i.e., INAA vs. GFAA or ICP-AES) to provide comparative 
results, especially where questionable results by any one technique had been previously 
encountered. Performance evaluation (PE) audit samples (SRMs) were submitted for analysis 
by each method and the accuracy and precision were assessed before selecting the best 
qualified data for reporting and for use in material balance calculations. 

Comments 

One of the conclusions evident from the round robin study is that there is a high degree of 
variability and repeatability between methods, laboratories, and duplicate results for trace 
elements. Evidence of the variability in trace element analyses can be shown, for example, 
with neutron activation analysis where unacceptable results were reported for the analysis of 
the NIST SRM in the round robin study, but the same technique produced 90-l 10% recovery 
for the same elements in the NIST 1632b standard reference coal submitted as an audit 
sample during this project. This suggests that the performance of some techniques, like 
INAA, may vary substantially between repeated analysis and analytical batches. Neutron 
activation appears to be a wst effective analytical technique; however, as with all analytical 
techniques, the results must be evaluated on a case-by-case basis. 

Although the round robin analysis is useful for indicating problematic methods and poor 
quality control, the project-specific quality control activities should be used for assessing the 
accuracy and precision of the coal analyses performed at each site. 
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Table D-3 
Radian Lab analysis of Standard Reference Coal, 163213 

AmIyticaI Awage W 
Pamme cellined vahe Method -v=Y Run1 Run2 

UlitmateiProximate (5% Dry Basis) 
Ash 6.80 

carbcm 78.11 

Hydrogen 5.07 

Nitrogen 1.56 

SuIfur 1.89 

CbIolise 0.126 

BTU/lb 13,890 

Mqjor Ash Minerals 

SO, 44.03 

GO3 23.75 

TiO, 1.11 

FM, 15.96 

CaO 4.2 

MN 0.93 

NDIO 1.02 

%O 1.33 

ws -_ 

so3 __ 

D 3174 99.6 6.78 6.77 

D 5373 99.4 77.74 77.52 

D 5373 101.2 5.14 5.12 

D 5373 97.1 1.54 1.49 

D 4239 140.7 1.93 3.39’ 

D 4208 84.5 0.107 0.106 

D 2015 99.2 13.767 13,797 

INA. 

INAA 

INAA 

INAA 

IN/LA 

INAA 

INAA 

ICP-AES 

__ -- 

98.5 24.37 22.43 

92.8 0.97 1.09 

91.7 14.24 15.04 

53.5 2.3’ 2.19 

80.1 0.77 0.72’ 

85.3 0.87 0.87 

74.1 1.07’ 0.9’ 

0.36 0.39 

- __ 
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Table D-3 (Continued) 

AmIythI Average 96 
Parameter celtined valw Method R-WY Run1 RUn2 

Tmce Elwents 

As 

B 

BP 

Be 

cd 

Cr 

co 

ch 

F 

W 

Mn 

MO 

Ni 

Pb 

Sb 

se 

V 

3.72 

61.5 

0.0573 

11* 

2.29 

6.28 

12.4 

0.9 

6.1 

3.47 

0.24* 

1.29 

146 

GFlAA 

ICP-AES 

INAA 

ICP-AES 

ICP-ARS 

INAA 

INAA 

INAA 

D 3761 

DGAICVAA 

IN/L4 

INAA 

INAA 

ICP-AES 

INAA 

GFIAA 

INAA 

* Results exceed ASTM repmducibiity limits. 

b Reads exceed wtilied values by more than 25 percent. 

= Results exceed catified values by more than 10 percent. 

d Informational value (not certified). 

53.8 2b 

_- 61 

106.6 71.2 

0.6 

-- co.2 

96.4 11 

89.5 2.09 

<35.3 

-- 40 

0.05 

86.3 10.8’ 

191.7 1.556 

145.1 < 8.8 

81.7 3’ 

81.3 0.196’ 

11.5 1’ 

101.1 14.2 

2b 

60 

12.1 

0.6 

co.2 

10.2 

2.01’ 

< 35.7 

40 

0.05 

10.6 

1.9b 

< a.9 

3’ 

0.194’ 

1’ 

14.1 
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INTRODUCTION 

The 1990 Clean Air Act Amendments (CAAA) empower the Environmental Protection Agency to 
set emission standards for a variety of potentially hazardous air pollutants from combustion 
sources. In order to define emissions from coal combustion sources, the U.S. Department of 
Energy (DOE) is coordinating an air toxics assessment program to characterize stack emissions 
from coal-fired utility boilers of volatile and semi-volatile organics, metals and anions specified 
in Title III of the Clean Air Act Amendments of 1990. The information from the DOE study will 
enable the Environmental Protection Agency to properly classify coal-fired utility boilers with 
regard to the CAAA and evaluate the potential risk to human health posed by these types of 
emission sources. 

The first phase of DOE study consisted of sampling eight power plants. These plants represented 
a diverse range of boiler configurations, emission controls, and coal feeds. Part of the sampling 
protocol at each of the sites was to collect representative samples of the feed coal to the boiler. 
By analyzing the feed coal as well as all gas, solid, and water effluent streams, a material balance 
around each site could be established. A material balance closure near 100% would indicate that 
sampling and analyses of all streams was handled properly, and reliable emission estimates could 
be calculated. 

Five laboratories participated in analyzing samples that were collected at the eight test sites. As 
part of the DOE program, CONSOL R&D conducted a coal analysis round robin among these 
laboratories. The primary purpose of this study was to estimate the analytical variability one can 
expect on trace element analyses when comparing results from the same laboratory or results from 
two or more laboratories. 

Trace elements in coal generally are defined as those elements that occur at concentrations of 100 
parts per million (ppm) or less. Seventeen trace elements were included in this study. Thirteen 
of these elements are listed in the 1990 CAAA as hazardous air pollutants. Earlier studies1 have 
shown the interlaboratory variability of mace element analyses can be quite large. This analytical 
variability should be considered when dete rrnining the potential emissions from coal combustion 
sources. 

The variability of other commonly measured coal quality parameters also was evaluated. 

COAL SAMPLES 

The coal samples used in the round robin study were supplied to CONSOL R&D by the prime 
contractor at each of the eight test sites. These were the same coals that were being fed to the 
boilers during the testing period at each site. The coals were geologically diverse and ranged from 
lignite to bituminous in rank. Once received, all sample reduction and preparation was according 
to ASTM D 2013 “Standard Method of Preparing Coal Samples for Analyses”.2 A spinning riffle 
was used to divide the gross sample prepared from each coal into homogenous splits. This is the 
preferred method in the coal industty to divide a sample of coal into several samples having the 
same composition and is widely used in commercially sponsored coal analyses round robin 
p=ograms. 
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ROUND ROBIN DESIGN 

Each participating laboratory was provided duplicate samples of each of the eight coals, aiong 
with a sample of a National Institute for Standard and Technology (NIST) certified reference coal. 
The samples were randomized and were identified only by code letters. Each laboratory was 
requested to analyze the samples in duplicate using the same procedures used to analyse the 
samples from the DOE Air Toxics Assessmenr programs. By using this round robin design, intra- 
laboratory repeatability and interlaboratory reproducibility, as well as individual laboratory 
precision, could be esrablished. The suite of analyses included in this study is shown below: 

proximate-Ultimate Maior Ash Elements 

Moisture 
Ash 
Carbon 
Hydrogen 
Nitrogen 
SUifW 
Chlorine 
Heating Value (Btu/lb) 

SiO, 

%oo3 
2 

Fe203 
CaO 
MU 
Na20 
K20 

As 
B 
Ba 
Be 
Cd 
Cr 
co 
cu 
F 

f-b 
Mn 
MO 
Ni 
Pb 
Sb 
Se 
V 

The average interlaboratory results for this suite of analyses for all eight samples are shown in 
Table 1. individual laboratory results for all samples are presented in Appendix A. Samples 
identified as A&J and B&K are Illinois basin bituminous coals. Samples C&L, F&O, and H&Q are 
mid&fur bituminous coals. Sample D&M is a subbituminous coal from the Powder River basin. 
Sample G&P is also a subbituminous coal. Sampie E&N is ranked as a lignite. 

ANALYI-KAL TECHNIQUES 

The analytical techniques used by the participating laboratories to complete the suite of analysis 
in this study are shown in Table 2. No one parameter was measured by all laboratories by the 
same analytical technique. All of the labs used ASTM standard methods for the Proximate and 
Ultimate analyses. However, numerous techniques were used for the major ash and trace elemenr 
analyses. The techniques included graphite furnace atomic absorption (GF/AA), inductively 
coupled plasma emission spectroscopy (ICP/ES), inductively coupled plasma mass spectroscopy 
(ICP/MS), instrumental neutron activation analyses (INAA), ion chromatography (IQ, cold vapor 
atomic fluorescence (CV/AF), and X-ray fluorescence @RF). Mercury was measured by gold 
amalgam cold vapor atomic absorption (GAKVAA), double gold amalgam cold vapor atomic 
absorption (DGAKVAA), and cold vapor atomic fluorescence (CV/AF). The techniques of A& 
GF/AA, ICP/ES, ICP/MS, IC, and CVAA require that the analysis sample firSt be put into solution 
before being introduced into the instrument. IN&A, XRE, GA/CVAA, and DG&‘CVAA analyses can 
be performed on the whole coal or an ash sample of the coal. 
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ACCURACY 

The accuracy of analyses performed by each laboratory was evaluated using the NIST Standard 
Reference Coal 1632b. This Pittsburgh seam coal is the most characterixed standard reference 
material available from NET. Certified or informational values are listed for all of the parameters 
included in this study except for boron, barium, fluorine, phosphorus, and mercury. For trace 
elements, all definitive results (“<‘I values ignored) that fell within 10% of the certified or 
informational value arbitrarily were considered accurate values. Values outside this range were 
considered to be inaccurate. ASTM interlaboratory reproducibility limits were the criteria for 
accuracy on all other analyses. Table 3 shows the results reported by the each laboratory for 
NIST SRM 1632b. Using the previously described criteria for accuracy, the percentage of accurate 
results (accurate results/total definitive results) was calculated. Parameters without a certified 
or informational value were not included. 

The table below shows the percentage of accurate results reported by each lab for the suite of 
trace elements, the percentage of accurate results for all analyses, and the percentage of trace 
element results that were reported as definitive. Although lab IV showed the highest percenrage 
of accurate results (75%), that figure is based on only the 80% of definitive results reported by 
that laboratory. 

As shown in the table below, the percentage of accurate trace element analyses ranged from 38% 
to 75%. Non-definitive results reported for antimony, cadmium, copper, fluorine, molybdenum, 
nickel, and selenium. Only one laboratory reported detinitive results for the entire suite of trace 
elements. The most troublesome elements, with respect to accuracy, were arsenic, cadmium, 
molybdenum, antimony, and selenium. Only one lab reported accurate results for cadmium, 
molybdenum or antimony. 

The Proximate and Ultimate analyses reported by labs II, III, IV, and V were all witbin ASTM 
reproducibility limits except for a single sulfur analysis. Lab I reported results that exceeded 
ASTM reproducibility limits for hydrogen, nitrogen, sulfur chlorine and heating value. Two labs 
reported all major ash elements within ASTM limits. Lab I exceeded limits for silicon, iron, 
calcium, magnesium, and potassium. Lab III exceeded limits for calcium, magnesium, and 
potassium. Lab IV performed only a limited number of major ash element analyses, but reported 
results for aluminurn and potassium that were outside established ASTM reproducibility limits. 

% ACCURATE RESULTS ON NISI 1632b 

Deiinilive Trace 
Lab Trace Element Results Elements NAnalyses 

I 88 38 43 
II 100 73 88 
III 82 SO 63 
Iv 80 75 80 
V 100 48 78 
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RFPRODUClBILITY 

The percent relative standard deviation (PRSD) of the analytical results was chosen to represent 
interlaboratory reproducibility in this study. Table 4 shows the average PRSD for all labs, on all 
samples, for the entire suite of analyses. Reproducibility for trace elements ranged from 
11.0 PRSD for vanadium to 60.7 PRSD for molybdenum. The average PFSD for all of the trace 
elements (all coals, all labs) was 27.9%. In most cases the PRSDs for cadmium, copper and 
antimony are based on results from only three laboratories. These elements were either below 
detection limits at laboratories II and III or were not determined. 

Excluding Lab I’s results, Proximate and Ultimate analyses were generally within ASTM limits. 
Aside from the determination of percent ash this particular laboratory reported only a single sulfur 
analyses on the standard reference material that was within established ASTM limits. Chlorine, 
although not generally considered a trace element in coal, is listed in the 1990 CAAA as a 
hazardous air pollutant. It showed an average PRSD for all labs of 37.2 %. Three of the coals 
sampled in the study are ranked subbituminous or Q-rites. Chlorine on these samples (D&M, 
E&N, G&P) was reported as below detection limits (0.01 and 0.02%) by two laboratories and not 
determined by another laboratory. Therefore, the PRSD for these three samples was calculated 
with data from only rwo labs. The reproducibility estimates for chlorine may have been larger 
if more !abs had reported data. 

Major ash elements were determined with an average PRSD of 21.7%. This is only slightly better 
than the average PRSD of 27.9% for trace elements. Phosphorous, calcium, and magnesium had 
PRSDs greater than 3S”/6. Including only labs II and V, the overall average PROD for the major 
ash elements drops to 7%. These were the only labs that did not exceed ASTM limits on the 
certified reference material. Labs I and III showed a consistent low bias for calcium and 
magnesium on most samples as well as on the certified reference material. Lab I showed poor 
intralaboratory repeatability for most major ash elements. 

Figure 1 shows the interlaboratory reproducibility as PRSD for the suite of trace elements on all 
samples. The overall average PRSDs for V, F, Be, Mn, B, Hg, Cu, Sb, and Cr, and Ba are between 
9.6 and 22.9%. PRSDs for Ba, Co, Ni, and Se were somewhat poorer, averaging nearly 30%. Ni, 
As, Cd, Pb and MO showed the most variability with PRSDs from 36.2 to 60.7%. 

Figure 2 shows the average interlaboratory reproducibility for the suite of trace elements, as well 
as the range of PRSDs, for each element on each sample. Although the average PRSD for many 
elements is reasonably good (-200/6), on any given sample the range of reported values can be 
quite large. The average minimum PRSD for interlaboratory trace element analyses was 13.6%. 
The average maximum was 48.1%. Ba, Cd, Cu, Hg, MO, Ni, Pb and Sb all had a PRSD range over 
30%. The range of reported values for MO, Ni, and Cd on some samples was 52%, 76%, and 
110% respectively. This shows that outliers are to be expected when comparing trace element 
analyses between laboratories. 

REPEATABILITY 

Figure 3 shows the average intralaboratory repeatabiliry for each trace element for ail coals. 
Intralaboratory repeatability was calculated as the average percent difference in a given 
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laboratory’s results on the eight paired samples. The data show that the overall laboratory 
repeatability on trace elements ranged from a low of 7.8% for chromium to a high of 32.5% for 
cadmium. The average repeatability for all trace elements was 14.6%. Overall intralaboratory 
repeatability for all elements by all labs was less than 10% on half of the analyses, less than 20% 
on 68%, and less than 30% on 75% of all trace element results. In general, elements with lower 
between-lab reproducibility also had lower same-lab repeatability. Similarly, elements like 
cadmium, that showed reproducibilities with a high PROD, had higher average repeatabilities, with 
the exception of molybdenum. This element had a relatively low repeatability (16.8%), but 
showed the highest reproducibility (60.7%). This may suggest bias in the various methods used 
for its determination. Data showing the complete list of individual laboratory repeatability for all 
samples is presented in Appendix B. 

VARIABILITY vs COAL RANK 

Figure 4 shows the variability in interlaboratory trace element analyses as PRSD plotted as a 
function of the as-determined heating value for the eight coals. The as-determined heating value 
of a coal is one way to roughly establish coal rank. The data clearly show that trace element 
analytical variability is a function of coal rank, increasing as the coal rank decreases. This is not 
unusual; many ASTM coal standards have precision statements that are rank-dependant. In the 
case of the eight coals studied here, as the heating value of the coal (Btu/lb) decreases, the 
analytical variability of trace elements increases. Samoie pairs A&J, C&L, H&Q, F&O, and B&K 
are bituminous coals. Samples G&P and D&M are subbituminous and samples E&N are classified 
as lignites. A regression analyses of the data is shown in Figure 5 and has an i? value of 0.95. 
Average trace element intralaboratory repeatability showed a similar trend. The overall trace 
element repeatability for the bituminous coals was slightly better (14.8%) than that for the 
subbituminous and lignite samples (20.2%). 

MERCURY 

Of the potential hazardous air pollutants mentioned in the CAAA, mercury is receiving the most 
attention regarding possible emissions from coal combustion sources. As mentioned earlier, four 
of the five laboratories in this study used some form of gold amalgamation followed by cold vapor 
atomic absorption for mercury analyses, the other used cold vapor atomic fluorescence. The table 
below summarizes intralaboratory repeatabiliry and interlaboratory reproducibility for mercury 
analyses. Repeatability is shown as the percent difference in a laboratory’s results on the eight 
paired samples, and reproducibility is shown as PRSDs. 

RBPBATABILJTY AND RBPRODUCIBILITY OF MERCURY RESULTS 

A&) B&K c&L D&M E&N F&O G&P H&o&& 
Repearabiliry, 11.3 46.3 19.1 19.1 25.8 Il.7 8.6 21.2 17.6 

as % difference 

Reproducibility, 
as PRSD 

10.4 40.6 24.8 16.7 16.9 20.4 9.1 26.1 20.6 

A recent, more extensive round robin on mercury analyses3 estimated interlaboratory reproduci- 
bility and intralaboratory repeatability at 25 and SO%, respectively. That particular round robin 
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involved three coal samples and 12 laboratories. Although the majority of laboratories in that 
study also used cold vapor atomic absorption for mercury analyses, some data were provided by 
labs using neutron activation and cold vapor atomic fluorescence. 

SUMMARY AND CONCLUSIONS 

Based on the analyses of the certified reference coal, even the best laboratory in this study 
reported trace element levels to within 10% of their certified value only about 80% of the time. 
On average, only 57% of the reported data from all labs met this 10% level of accuracy. 

The techniques used in many laboratories for trace element analyses produced a significant 
number of non-definitive (“~“1 results. !f certain detection limits are required, analytical 
techniques must be specified. 

Although the overall interlaboratory trace element reproducibility is 28%, it may be very poor, 
approaching 60% for some elements. 

Interlaboratory reproducibility for trace element analyses is dependent on coal rank. As coal rank 
decreases, analytical variabiliry increases. 

The variability of coal trace element analyses makes accurate estimates of emissions from 
combustion sources difficult, especially if the estimates are based solely on feed coal analyses. 

RECOMMJWDATIONS FOR CONDUCFING FUTURE COAL ANALYSES ROUND ROBIN PROGRAM 

1. Follow ASTM standard method E 691. This standard lists specific guidelines for conducting 
an interlaboratory coal analysis round robin program. The standard also specifies software for 
the statistical interpretation of results. Both the method and the sofrware are available from 
ASTM for a nominal fee. One of the guidelines violated in this round robin was the number 
of participating laboratories. E 691 states that a minimum of six laboratories is necessary to 
generate ASTM precision statements. For that reason we were unable to use the software 
1from this standard that would have generated ASTM limits for repeatability and 
reproducibility. 

2. Laboratories that are candidates for the round robin should be evaluated. Based on the data 
reported on the standard reference coal in this study, it is obvious that Lab I was not proficient 
with coal analyses. Laboratories that are candidates for round robins should be audited by 
someone familiar with the guidelines set forth in ASTM D 4182, “Evaluation of Laboratories 
Using ASTM Procedures in the Sampling and Analysis of Coal and Coke”. These labs also 
should be able to demonstrate their ability to conform with ASTM D 4621, “Accountability and 
Quality Control in the Coal Analysis Laboratory’. A lab not in compliance with either of the 
standards should not be included in the study. As a minimum, candidate labs should be able 
to demonstrate proficiency by analyzing a certified reference material within specified precision 
limits prior to conducting the actual round robin. 

3. Specify the minimum detection limits that are required for each element. Based on the large 
number of non-definitive results reported for several of the trace elements it is apparent that 
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most laboratories are not using techniques that can accurately assess the levels of some of the 
trace elements found in coal. Using half the detection limit, which is the common practice for 
treating this type of result, would lead to a considerable overestimation of some trace element 
levels. Examples of this overestimation based on half the detection limit are found in Table 3. 
For instance, Lab III reported an average detection limit for Cu as 35.5 ppm. Using one half 
of this value, or 17.8 ppm, would overstate the certified value for Cu on this sample by nearly 
three fold. 
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Table 1. Average of Interlaboratory Results for Ail Samples. 

Tracs Elements 

AS 
9 
Ba 
Be 
Cd 
Cr 
CO 
CU 
F 

Hg 
M” 
MO 
Ni 
Pb 
Sb 
Se 
v 

Proximate a Ultimata 

Ash 11.99 72.54 t1.56 11.7 16.71 33.35 20.57 10.59 
Carbon 69.56 69.60 72.06 67.6 66.60 70.26 61.27 71.03 
Hydrogen 4.67 4.76 4.96 4.60 4.53 4.66 4.76 5.14 
NiWgen 1.33 1.33 !.39 1.01 0.69 1.37 1.05 1.42 
SUlflN 3.42 3.53 3.26 1.15 1.12 3.01 0.65 2.69 
Chlorine 0.064 0.074 0.066 0.03 0.040 0.140 0.039 0.115 
Heating Valt 12214 12169 12866 11350 9601 12452 10636 12567 

SiO. 
Al.& 
Tib, 
Fe.0, 
cab 
MgO 
N&O, 
K.6 
PIO, 

60, 

ABJ B&K caL oat4 EBN FBO GBP Ha0 
w w pJ pRB ND m SUB. BIT. m 

2.39 2.74 9.43 1.24 
227 212 72.3 63.4 

47.3 46.9 31.1 370 
1.33 1.61 !.33 0.42 

0.560 1.013 0.112 0.056 
26.3 34.7 :6.3 4.40 
3.67 3.57 5.50 0.66 
to.7 : 1.3 6.47 9.52 
97.1 112 56.0 44.3 

0.101 0.109 0.126 0.084 
41.3 34.3 16.4 145 
a.34 7.91 !.67 7.93 
17.6 16.5 14.1 5.09 
9.12 t3.t 5.00 5.22 
0.49 0.79 0.64 0.47 
2.94 3.16 1.92 0.64 
36.6 46.3 31.0 9.36 

7.64 
126 
566 

0.72 
0.079 

2.10 
9.26 
56.9 

0.145 
123 

3.96 
7.26 
3.31 
0.76 
0.60 
16.6 

26.0 1.70 3.45 
70.7 76.5 !69 
76.1 312 46.6 
2.37 1.29 !.41 

0.085 0.560 0.508 
20.0 9.61 21.4 
6.95 4.14 4.42 
21.2 14.5 13.1 
61.3 60.3 79.6 

0.260 0.060 0.065 
26.5 76.6 29.0 
4.54 2.11 5.60 
26.2 6.64 16.3 
13.6 6.66 6.47 
2.10 t.74 0.62 
2.56 1.16 2.21 
34.0 26.1 38.5 

% Dry Basis 

%OryAsh 

44.56 49.7 44.96 42.12 39.46 46.67 59.26 51.55 
16.76 18.6 21.41 16.46 10.68 22.54 20.62 21.74 

0.69 0.99 0.99 0.66 0.47 1.22 1 .oo 1.03 
15.95 15.1 24.75 6.07 6.14 21.33 4.45 16.39 

4.11 2.69 1.04 7.79 10.54 1.60 3.29 2.46 
0.77 0.62 0.60 2.55 2.97 0.73 0.93 0.79 
0.91 0.75 0.43 0.29 0.64 0.30 0.23 0.64 
1.95 2.20 1.64 0.51 1.35 2.17 1.26 2.50 
0.29 0.36 0.16 0.37 0.17 0.56 0.04 0.26 
4.57 2.61 1.39 11.41 15.08 1.71 3.66 2.56 

ppm Dry Coal 
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Table 2. Analytical Methods Used on DOE Air Toxics Assessment Coal Samples. 

MoiSture 03173 0 5142 0 3173 0 3173 0 3173 
Ash 03174 0 5142 il3174 0 3174 0 3174 
Carbon 03176 D 5373 0 5373 0 3176 3 5373 
Hydrogen 03176 D 5373 0 5373 0 3176 0 5373 
Nirrogen 03179 0 5373 0 6373 0 3179 0 5373 
SlJhJr 03177 0 4239 D 4239 04239 0 4239 
Chlorine 04208 LECO 042U6 l =c 04206 
Btu/lb 02015 D 1989 0 2015 0 2015 0 2015 

Maior Ash Elements 

SiO 2 
4% 
TO, 
W’, 
cao 
wo 
NaO 

24 
6,’ 

Trace Elements 

AS 
E 
aa 
ae 
Cd 
Cr 
CO 
CU 
cu 
F 
Hg 
Mn 
MO 
Ni 
Pb 
Sb 
Se 
v 

Lab1 Lab II Lab Ill Lab IV Lab V 

ICPlES 

GFiAA 
ICPlES 

AA 
ICPIES 

03761 
CVAA 

ICPIES 

AA 
GFIAA 
GFIAA 
ICP/ES 

‘IC Hydropyrolyris wtih IC Finish 
**XICP!MS Hydropyrolyris with ICP/MS Finish 
***ICSoluble Species Only 

AA 
CVAA 
CVIAF 
0wcvAA 
GFIAA 
IC 

Atomic Absorption ICP/ES 
Cold Vapor Atomic Absorption ICPlMS 
Cold Vapcr Atomic Fluorescence INAA 

ICPlES 

ICP/MS 

ICPiES 
ICPiMS 

‘IC 
OGAICVAA 

ICPiMS 

“#ICP/MS 
ICPIMS 

Double Gold Amalgam Cold Vapor Atomic Abrorption 
Graphite Furnace Atomic Absorption 
ion Chromatography 

ND 
XRF 

NO 
INAA 

ICP/ES 
NO 

GFIAA 
ICP/ES 

INAA 
ICP/ES 

INAA 

0 3761 
OGNCVAA 

INAA 

ICP/ES 
INAA 

GFIAA 
IN&4 

0 4326 XflF 

ND 
NO 
NO 

0 4326 XRF 

NO 
NO 

GFIAA 
ICPlES 

GFIAA 
ICPIES 

“‘IC 
GNCVAA 

ICP/ES 
CVIAF 
ICPIES 

GFIAA GFIAA 
CWAF 

ICP/ES ICP/ES 

ICPlES 

CVIAF 
ICPlES 

inductively Coupled Plasma Emission Speslrossopy 
Indmtivsh, Coupled Plasma Mass S~sctroscopy 
Instrume,ntal Neutron Activation Andyses 
Not Determined 
X-ray Flucrsxence 
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Figure 1. Average Variability for All Coals. 

13 D-37 



Bars Show Range, Dash Shows Average For All Coals 

: 

As B Ba Be Cd Cl Cr Co Cu F Hg Mn MO Ni Pb Sb Se V 

Element 

D-38 

Figure 2. Interlaboratory Variability by Element 
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Figure 3. Average Interlaboratory Repeatability. 
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Figure 4. Comparison of Interlaboratory Variability vs. Heating Value. 
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INDIVIDUAL LABORATORY ANALYSIS 
OF ROUND ROBIN SAMPLES 
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APPENDIX B 

INTRKABORATORY TRACF, FLEMENT REPEATABILITY 
AS PERCENT DIFFERENCE 

3s 
D-59 



Laboratory Repeatability 
Samples A & J 

:pL;‘,,,, LAB’ ) LAB” I-“’ ‘J’E”“j ‘-AB”I MEAN / SDE” ~ PRSD ! 

31.0% 1.9% 0.0% 0.0% 6.7% 7.9% 13.2% 166.3%i 
1.0% 14.3% 8.2% 5.1% 

i Ba 
7.7% 6.5% 11.5% 62.O%i 

65.2% 6.3% 29.7% 12.2% 63.1% 35.3% 27.7% 78.5361 
‘!Be 57.1% 6.6% 7.4% I 16.0% 2.1% 17.8% 22.5% 126.2% / 
!Cd 9.1% 7.5% 27.9961 14.8% 11.4% 76.7%! 
'Cr 
i co 

12.4% 4.4% 3.5% 17.3% 16.8% 10.9% 6.6% 61.0%11 

I C" 
0.5% 6.9% 1.5% '50.0%/ 23.2% 16.4% 20.9% 127.2%/j 

~'F 
6.9% 

4.9% I 
23.3% 2.6% 10.9% 10.9% 99.8% / 

2.2% 24.6% 10.6% 12.2% 115.8XI 
j '-'g 10.7%i 10.5% 10.5%( 5‘3% 11.3% 5.5% 49.1%/ 
Mn 36.7% 1.5% 2.8% 18.2% 2.2% 12.3% 15.3% 124.4%[ 

I M.0 11.2% 2.3% 8.4% 50.0% 9.0% 16.2% 19.2% 118.6% i 

1 NI 11.0% 3.3% 6.1% 20.0%) 11.1% 10.3% 6.3% 
'Pb 21.0% 1.9% 54.5% 19.8% 
Sb 4.9% 7.1% 
Se 

/" 
I 32.6% 12.5%1 10.2% 

6.7% 13.2% / 6.6% 

';;I ,;::I 6.0% ;::;I ';$I 

1717%/ 
16.1% 

1.4%/ 9.1%( 6:4% 69.7; / 
/ I :I 

!Averaae 23.3%/ 6.0961 11.2% l&5%1 14.7% 13.0%1 7.9% 57.8%J/ 

Laboratory Repeatability 
Samples B & K 

LAB” (LAB”’ lABIV/ LABVl MEAN / SDEV PASD I 
/ 

14.8% 163.6% 
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Laboratory Repeatability 
Samples C 6 L 

i Co 
/C&J 
OF 
/ '-'g 
iMn 
/MO 
j Ni 
IPb 
iSb 
: Se 
I-- :V 
II 

- 

I 
LABI ~ LAB’1 LAB ‘1’ LABIV ~ lABv 

, 
jJ SDEV 1 PRSD : 

j 

93.4% 0.7% 22.2% 
1.0% 1.8% 5.8% 
5.7% 2.3% 15.2% 

lO.O%l 12.0% 10.2% 
27.0%1 35.3% 
13.1561 0.5% 5.5% 

28.6% 
19.9% 
15.4% 

35.70? 110.6% 
8.5% 96.2% 1 

28.1% 128.1%1 
4.6% 42.5%1/ 

26.2% 56.9% I 
7.2% 65.0%1 

17.1%/ 6.3% 13.3% 
0.a%i 1.5% 1.9% 

62.9% i 4.7% 16.3% 

0.7%/ 

22.9% ! 
40.0%1 
13.3% 

33.3% 
22.2% 

14.3% 
22.2%/ 

16.6% 
15.5% 
71.2% 

5.8% 
76.0%1 

5.7%i/ 
2.2%1 
2.3%1 
6.556 

25.3% 
1.3% 

3.5%1 
12.5%1 

32.3% 
0.0% 

22.0% 
10.9% 
46.1% 
11.1% 
12.4% 

6.8% 
6.0% 

19.1% 
7.2% 

26.0% 
16.0% 
30.1% 

23.0% 5.4% 18.5% 19.9% 20.0%; 17.2% 

2.9% 48.0%) 
10.5% 55.0%/ 

9.0% 1 125.7%1 
30.6%) 110.2%I 
20.9% ! 130.6%/ 
26.4% / 07.7%1 

5.1561 87.6%1 
21.6%/ 102 O%l 

6.7% / 84:1%; 

67.9%/ 11.6% / 

Laboratory Repeatability 
Samples D & M 

13\B V V MEAN ~ SDEV j PRSD ~ 

13.% 
7.2% 
0.3% 
0.2% 

i 
T 7 

f 

5.4% 
15.2% 

0.0% 

103.5%1 'I 
81.2%1/ 
99.1961 
91.0%1 

3.2%' 

9.0% 
32.6% 

3.8% 
19.% 
40.0% 
12.3% 

0.4% 
11.9?? 

6.6% 
11.6% 

1.0% 
9.7% 
4.5% 
0.4% 
3.1% 

12.7% 
11.9% 

0.0% I 
7.0% 

20.7% 
15.436~ 

13.3% 

1.6% 6.5% 

0.3% 
1.5% 
2.2% 

13.0% 

22.2% / 
13.3% 
26.8% 
55.0% 
52.1% 

0.0% 
8.7%1 

50.0% 
3.3% 

20.0% / 
0.0% 
0.0% 

1.9%i 
23.3%/ 

3.9% / 
16.6%l 
32.5%/ 

l.l%! 
11.0% 
12.2% 

5.3%/ 
1.6%1 
5.9%/ 
7.4%! 

I 
0.0% I 

6.1%1 
15.1%/ 

0.0% 1 
10.4% I 
36.2% 

0.5% 
7.0% i 
8.00~ j 

11.3% 
19.1%! 
9.0% I 

16.7% I 
14.7%: 

2.8% 
5.9% I 

5.9% I 
10.1% 12.1%! 1.6% 

6.4% i 
12.3% / 

8.7% 1 
9.6% 
5.3% 
5.9% 
6.4% I 
5.O%l 
9.4% ( 

21.2% 
10.356, 
21.3% 
25.0% 

6.1% 
4.0% 
4.1% 
4.5%! 

14.79bj/ 
69.1%1 
82.1%1 
62.7%i 
03.2%1 

110.9%/ 
113.7%l 
113.93611 
170.0%/ 
216.4%! 

67.5%! 
141.4%1 

68.7%1 

5.6% 10.9%1 ' 17.3%1 10.9%i 9.0%1/ 11.3%/ 7.l%i 63.0961 
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‘As 
IB 
;Ba 
Be 

hd 
I Cr 

=F 
!. 

f 
I = 

Lnboralory Repeatability 
Samples E & N 

24.6% 4.7% 0.5% 40.0% 31.7%/ 20.3%/ 17.1% 
11.8% 8.3% 0.0% 24.9% ! 11.2%/ 10.3% 

7.0% 18.2% 
32.3%/ ,:::;I 

8.7%/ 8.8% 
2.3% 47.3% 25.8%1 16.9% 

15.4% 0.6% 3.7% 
12.9% 3.2% 38.0% 

7.4%( 0.8% 5.6X/ 6.1% 
50.7%, 26.2%/ 21.9% 

7.3% 1.4% 11.8% 66.0%( 21.6%! 29.9% 
109.8% 10.6% 72.0% 28.6% 98.7%! 63.5%/ 42.8% 

4.6% 58.6% 31.6%1 38.2% 
10.2% 0.0% 70.6%/ 26.9% i 38.2% 

81.0% 9.4% 19.0% 5.9% i 0.8%1 23.2%1 33.0% 
1 

33.6% 7.8% 33.7% 18.1361 27.7% 23.3%1 19.5% 

100.6%~ 
73.5%/ 

110.2% 
83.70/A 

138.4% 
67.4% 

120.9% 
141.7% 

j 142.3% 

83.9%j( 

Laboratory Repeatabilii 
Samples F & 0 

II TRACE , LAB I 1 LAB II I LAB Ill I LAS IV / LAB V il MEAN SDEV 1 PRSD 1 

I 
/AS 
I0 
IBa 
IBe 
Cd 

' Cr 
co 

icu 
iF 
IHg 
iMn 
IMO 

~ Avenqe 

38.9% 0.6% 13.7% 11.8% 
6.5% 5.8% 0.7% 13.3% 
7.1% 7.6% 14.7%, 4.7% 
4.3% 9.5% 26.7% 4.3% 
6.1% 20.4% 
9.8% 30.2% 5.2% 2.5%/ 

11.0% 2.3% 16.2% O.O%/ 
2.7% 5.7% 7.1%/ 

21.1% 5.4% 13.1%1 13.2%1 7.8% 59.3% 
8.7% 6.3% 8.3% 22.2%' 12.9%i/ 11.7%i 6.3% 54.3%/ 

15.1% 2.3% 14.1% 0.0% 0.6%! 6.4%l 7.5% 117.5% 
11.7% 6.8% 67.1% 
13.9% 2.6% 161.5%! 
97.8% 2.9% 
29.7% 4.4% 
21.3% 3.0% 

5.4% 4.5% 

18.1% 8.0% 
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jB 
I 8a 
I Be 
ICd 
1 Cr 
1 co 
cu 
F 

21.3% 
6.0% 

12.9% 
3.6% 

9.9% 
18.0% 
79.1% 

6.7% 
60.4% 
16.2% 
30.9% 
13.5% 

Laboratory Repeatability 
Samples G 6 P 

LAB II LAB Ill LAB IV LAB V I/ 
:I 

MEAN ~ SDtV ! 

0.4% 0.0% 66.7% 
16.8% 8.0% 5.9% 
5.9% 10.3% 6.2% 

17.1% 8.0°h 4.3% 

18.8% 2.4% 0.0% 
1.5% 5.9% 0.0% 
9.Ph 4.9% 
4.2% 11.8% 

10.5% 6.5% 13.3% 
10.0% 3.1% 4.3% 

4.1% 
4.0% 9.5% 
5.1% 18.2% 10.0% 
0.3% 9.6% 4o.o%j 98.5% / 39.8% 
4.4% 0.0% 92.0% II 

32.4%! 
32.2%1 51.9% 

8.6% 8.2%/ 3.6% 3.39611 4.8%1 3.6% / 
I 1 

144.9% ( 
86.1% 
48.8% 
73.4361 
80.50/l 
73.8%1 
91.4%1 

122.7%/ 
161.4%1, 

74.4%!1 

23.O%/ 7.6%/ 7.1%) 13.0%) 36.O%il 25.9%i 18.9%) 73.1%11 

Laboratory Repeatability 
Samples Ii & 0 

I As 
16 
1 Ea 

I cu 
IF 
~ Hg 
1 Mn 

; M.0 
1 NI 
I Pb ~ Sb 
Se 

;V 

~ Averaqe 

lABI LAB II / LAB III LAB IV I LAB V \i MEAN ~ SDEV j PRSD 

1 ' 3.6% 96.4% 0.0% 41.3% 
30.8% 1.4% 3.0% 

0.0%; 27.7%1 25.5%; ' ;;;6i;i 
6.3% 3.O%l 8.9% i 12.4% 00 

14.4% 0.6% 17.1% 1.0% 4.1%1/ 7.4% 7.8% lM.l%l 
28.9% 8.4% 30.8% 4.1% 1.4%i 14.7% 14.1% 95.7% 1 
77.1% 8.1% 15.7%1 33.6%/ 37.8% 112.5%/ 
27.6% 0.5% 0.5% 0.0% '.7%l 12.1% 199.6% 
11.0% 0.1% 4.0%1 O.oo/. 2.6%/ 

6.0%! 
3.6%/ 4.5% 126.6%~ 

19.1% 3.1% 2.3%1 6.'%i 8.8% 143.0%1 
14.1% 0.0% 

0.0% ! 
2.l%il 5.4%l 7.6% 141.0%1 

18.2% 5.5% 33.3% 42.9% j 6.3%1 21.2%1 16.6%/ 78.0%1 
29.4% 3.4% 30.2% 1.6% 0.9% I 13.l%i 15.3% i 116.4%1 
20.6% 0.1% 18.3%1 13.0%1 11.2%/ 86.4%lI 
18.0% 0.3% 73.1% 5.7% 3.9% II 20.2% 1 30.3% I 150.1%1 
33.1% 1.0% 24.4% 4.4% 10.2%1 14.6%1 13.6% / 93.2% / 

3.3561 3.8% 100.0% / 35.7% i 55.7% 1 155.9%1 
9.8% 2.5% 40.0% 0.0% 22.7% I 15.0% 1 16.5%1 

0.8%1, 
110.2%1 

30.5% 2.1% 0.4% 1.3% 7.0% i 13.1%1 187.8%\ 

j 31.0% 3.4% 18.6%1 5.2% 13.2%1; 14.8%i 15.2% j 103.2%/ 
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Laboratory Repeatability 
All Coals 

’ TRACE IA51 
: ELEMENTS 

LAB II 1 LAB Ill LAB IV ~ LAB V 1 MEAN ! SDEV 1 PRSD :I 
I 11 

Ii As i’B I :Ez’ 
Ba 19:7% 

IBe 15.7% 
\Cd 26.8% I 
I Cr 11.4% 

1;:: ' 22 

j Hs 5.5% 
/Mn 16.6% 

1;; 
25.4%) 
10.9% 
54.8% 

5.4% 
13.5% 

2.2% 
8.9% 
3.8% 

13.8% 
17.2% 
10.5% 

2.2% 
6.0% 
7.9% 
9.5% 
2.6% 
4.0% 
2.2% 
3.5% 
3.1% 
6.9% 

4.5% 
8.2% 

35.1% 
14.8% 

4.1% 
5.9% 

8.9% 
37.0% 
10.8% 
19.3% 
38.6% 
34.0% 
13.8% 
15.5% 

34.8%' 
9.2% 
9.6% 
8.1% 

7.9% / 
16.3% 

7.5% 

26.1% 
7.5% 
8.8% 
9.7% 

11.6%, 
5.0% 

12.5% 

22.6%' 
10.9% 
26.8% 

9.0% / 
53.6361 

5.3% I 
i5.5%i 

8.8%l 
10.3%1 

9.8% I 
2.4% 

26.4% 
12.3% 
18.3% 
24.8% 
38.0%!1 

22.5%; 
9.6% 

19.0% 
12.2% 
32.5% 

7.8% 
10.1% 

9.4% 
9.0% 

17.60/.1 
8.0%/ 

16.8% 
14.7% 
24.4% 
10.4% 
17.3%1 

19.7% 
1.2% 

12.6% 
3.4% 

18.9% 
3.2% 
6.1% 
4.2% 
1.2% 

13.4% 
6.0% 

lO.u% 
13.9% 
20.4% 

9.0% 
12.0% 

87.6%\ 
12.4% 
66.6% 
28.2%1 
58.O%il 
40.3%1 
60.2%1 
44.5% I( 
13.6%1 
76.3%1 
74.7W 
59.7% I 
94.39/o! 
83.3%/ 
86.7.k 
69.5% jj 

IV I 18.0%/ 6.8%1 6.7%1 10.5%1 2.5XlI 8.9?h) 5.8%1 

6.5%i 
I 

65.3%1/ 
, 

IAvera e 19.3% 17.1%/ 12.3% 17.5%j 14.7%/ 6.9% 46.8%jl 

r Average 
I Coal Aw 
/ 

A&J 13.6% 
B&K 14.8% 
C&L 17.2% 
D&M 11.3% 
E&N 23.3% 
F&O 13.6% 
G&P 25.9% 
H&Q 14.7% 

1 

( 
/ 
, 
I 

I 
I 

! 
A 
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DOE COAL ROUND ROBIN TRACT, FLEMENT REPEATABILITY FtESULTS 
46 of Ludividual Lab Analysis Within Repeatability Ranges 

Repeatability Range 

Less rhan 10% 

10 to 20% 

20 to 30% 

30 to 50% 

Greater than 50% 

Non Determined 

LabI 

31.0 

24.0 

8.0 

7.0 

10.0 

20.0 

LabII IabllI 

42.0 

19.0 

7.0 

6.0 

9.0 

18.0 

IablV 

46.0 

17.0 

7.0 

6.0 

4.0 

21.0 

IabV 

50.0 

18.0 

7.0 

5.0 

7.0 

13.0 
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APPENDIX E: 
ANALYTICAL PROTOCOL 

Introduction 

This appendix contains brief descriptions of the analytical methods used. The analogous 
water, solid, and gas methods are described together. 

Methods used for sample analysis are presented in Table E-l. Most of the laboratory 
methods identified in this document were published by the United States Environmental 
Protection Agency in “Test Methods for Evaluating Solid Waste, Physical/Chemical 
Methods, SW-846,” Thiid Edition, or “Methods for Chemical Analysis of Water and 
wastes. ” Additional methods identified were published in “Criteria for Identification of 
Hazardous and Extremely Hazardous Wastes, ” “Guidelines Establishing Test Procedures for 
the Analysis of Pollutants Under the Clean Water Act, ” 40 CFR 136, 49 FR 209 (26 October 
1984), Annual Rook of ASTM Standards, Volume 4.08, and “Standard Methods for the 
Examination of Water and Wastewater.” 

Extraction Methods 

Extraction/digestion methods for liquid and solid matrices are briefly described in this 
section. 

Method SW3005’ 
Acid Digestion of Aqueous Samples for Analyses by ICP 

This method is an acid digestion procedure used to prepare water samples for metals 
analysis. The digested samples can be analyzed for total recoverable and dissolved metals 
determination by either flame (FLAA) or inductively coupled plasma atomic emission 
spectroscopy (ICP-AES). Samples may be analyzed for the following metals: 

Aluminum Cadmium Iron Nickel Thallium 
Antimony Calcium Lead Potassium Vanadium 
Arsenic Chromium Magnesium Selenium Zinc 
Barium Cobalt Manganese Silver 
Beryllium Copper Molybdenum Sodium 

E-l 



Appendiw E: Analflical Protocol 

Table El 
Analytical Methods Used During Sampling Activities at Plant Yates 

Parameter Water 
Analytical Method 

Gas Solids 
Moisture Content 

Particulate Lxdiig 

Particle Size Distribution 

Ultimate 

PrOXiolRte 

carboo 

solflu 

Heating value 

Chloride 

Floori& 

Phosphate 

Solfate 

SUlfitC 

Ammonia 

Cyaoide, Total 

ICP-AES Metals 

ICP-MS MeUs 

Metals 

Meals 

Alsmic 

Cadmium 

Lead 

Mmuly 

8eleoium 

Aldehydes 

Volatile organic c.xopoun& 

Semivolatile organic Compooods 

Polychlorinated Dioxios and Futaos 

Radioouclides 

NA NA 

NA EPA MS/M17 

NA EPA 

NA NA 

NA NA 

NA NA 

NA NA 

NA NA 

E300.0 E3CO.O 

E340.2 E340.2 

E365.2 E365.2 

E300.0 E3CQ.O 

E377.1 NA 

E350.1 E350.2 

SW9012 SW9012 

SW6010 SW6010 

SW6020 SW6020 

NA NA 

NA NA 

SW7060 SW7060 

SW7131 SW7131 

SW7421 SW7421 

SW7470 SW7471 

SW7740 SW7740 

SW83 15 EOOlla 

SW8240 SW8240 

SW8270 SW8270 

NA Method 23 

NA NA 

A-D3173’ 

NA 

ASTM D-3176) 

ASTM D-3172’ 

ASTM D-5373’ 

ASTM D-42396 

ASTM D-201.5’ 

SM4500-Cl-D* 

E340.29 

NA 

E3OO.O’O 

E377.1” 

NA 

NA 

SW6010” 

SW6020” 

INAA 

GDMS 

SW7060” 

SW7131” 

SW7421” 

SW747117 

SW7740” 

NA 

NA 

SW8270” 

Method 23” 

E901.1/900.@’ 

’ Method abbreviations include ASTM = America0 Society of Testing and Materials, EPA = EPA “Methods 
for Chemical Analysis of Water sod Wastes, ” SM = ‘Standard Methods for the Examination of Water and 
Wastewater,” and SW = SW-846 “Test Methods for Evaluating Solid Waste. ” 

NA = Not Applicable. 
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For analysis of total recoverable metals, the entire sample is acidified at collection time with 
nitric @INO& acid to a pH <2. At the time of analysis, a 50-n& aliquot of the sample is 
heated with 1 mL of 1:l nitric acid and 5 mL of hydrochloric acid and reduced to a specific 
volume. The sample must not be boiled because antimony is volatile and easily lost. The 
digestate is then adjusted to a final volume of 50 mL with reagent water. 

For analysis of dissolved metals, the samples are filtered through a 0.45 Frn filter immedi- 
ately upon collection in the field, and acidified with nitric (HNOJ acid to a pH <2. For 
analysis, the sample is digested as described above. 

Modified Method SW302ti2 
Acid Digestion of Aqueous Samples for Analyses by Graphite Furnace Atomic 
Absorption Spectroscopy 

Water samples are digested according to a modification of method SW3020. In Method 
SW3020, the sample is treated in a manner similar to that described in Method SW3005 
except that 1 mL of 1: 1 HNOs and 5 mL of H202 are used. 

Micro wave Assisted Acid Digesdon of Solids 

Microwave assisted digestion is applicable to the preparation of solid samples and water 
samples containing solids for metals analysis by FLAA or GFAA or ICP. A representative 
sample of up to 0.5 g (wet weight) is digested with concentrated nitric acid for 60 minutes 
using microwave heating in a suitable laboratory microwave unit. The sample is placed in a 
Teflon PFA vessel with 10 mL of concentrated acid. The vessel is capped and heated in the 
microwave unit for three 20-minute intervals with 5-minute cooling period between each 
heating period. After the samples are cooled and vented, 5 mL of hydrofluoric acid and 1 
mL of hydrochloric acid are added and the sample is digested for 15 minutes. After cooling, 
the vessel contents are diluted to volume and analyzed by the appropriate SW-846 method. 
A separate sample is dried for a total solids and/or percent moisture determination. 

Some samples can contain diverse matrix types, which may present specific analytical 
problems. Spiked samples and any relevant standard reference material are processed to aid 
in determining whether the method is applicable to a given matrix. 

S W3500 Series Methods 
Organic Extiaction and Sample Preparation 

The SW3500 series methods are used to quantitatively extract nonvolatile and semivolatile 
organic compounds from various sample matrices. Prior to analysis, a sample of a known 
volume or weight is solvent extracted, then dried and concentrated in a Kudema-Danish 
apparatus. 
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Method SW3570” 
Separatory Extraction 

Method SW35 10 is designed to quantitatively extract nonvolatile and semivolatile organic 
compounds from liquid samples using standard separatory funnel techniques. The sample 
and extracting solvent must be immiscible in order to yield recovery of target compounds. 
Subsequent cleanup and detection methods are described in the organic analytical method that 
will be used to analyxe the extract. 

Samples are adjusted to a specified extraction pH and extracted with the appropriate solvent 
for the analytical method. Methylene chloride should be employed when a solvent is not 
specified. 

Method S W352ti4 
Liquid-Liquid Extraction 

Method SW3520 is designed to quantitatively extract nonvolatile and semivolatile organic 
compounds from liquid samples using standard liquid/liquid techniques. The sample and 
extracting solvent must be immiscible in order to yield recovery of target compounds. 
Subsequent cleanup and detection methods are described in the organic analytical method that 
will be used to analyxe the extract. 

Samples are adjusted to a specified extraction pH and extracted with the appropriate solvent 
for the analytical method. Methylene chloride should be employed when a solvent is not 
specified. 

Method S W3540” 
Soxhlet Extraction 

Method SW3540 is a procedure for extracting nonvolatile and semivolatile organic com- 
pounds from solids such as soils and sludges. The Soxhlet extraction process ensures 
intimate contact of the sample matrix with the extraction solvent. Extraction is accomplished 
by mixing the solid sample with anhydrous sodium sulfate, placing it in an extraction thimble 
or between two plugs of glass wool, and extracting it with an appropriate solvent in the 
Soxhlet extractor. Methylene chloride should be employed when a solvent is not specified. 
The extract is dried and concentrated, and then treated using a clean-up method, or analyzed 
directly by the appropriate measurement technique. 

Method S W3550z6 
Sonication Extraction 

Method SW3550 is a procedure for extracting nonvolatile and semivolatile organic com- 
pounds from solids such as soils and sludges. The so&cation process ensures intimate 
contact of the sample matrix with the extraction solvent. Extraction is accomplished by 
mixing the solid sample with anhydrous sodium sulfate, mixing with the extraction medium, 
and dispersing into the solvent by sonication. The extract is dried and then concentrated. 
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The resulting solution may then be cleaned up or analyxed directly using the appropriate 
technique. 

Method SW503e7 
Purge-and- Trap Method 

Method SW5030 is used to determine the concentration of volatile organic compounds 
(VOCs) in a variety of liquid and solid matrices. It is based upon a purge-and-trap gas 
chromatographic procedure. The method is applicable to the types of samples collected for 
this project. The success of this method depends on the level of interferences in the sample; 
results may vary due to the large variability and complexity of some matrices. 

A direct purge-and-trap can be performed for low-concentration samples. If higher concen- 
trations are expected, a portion of the solid sample is dispersed in methanol to dissolve the 
volatile organic constituents. A portion of the methanol solution is combined with water in a 
purging chamber. An inert gas is then bubbled through the solution at ambient temperature 
to transfer the volatile components to the vapor phase. The vapor is swept through a sorbent 
column where the volatile components are trapped. After purging is completed, the sorbent 
column is heated and backflushed with inert gas to desorb the components onto a gas 
chromatographic column. The gas chromatographic column is heated to elute the compo- 
nents that are detected by the appropriate detector. 

Organic and inorganic Analytical Methods for Water and Solid Samples 

Method ASTM D-3 7 73 
Percent Moisture 

Percent moisture was determined for solid samples undergoing analysis for organic and 
inorganic analytes. The percent moisture must be known so that the analytical results can be 
reported on a dry weight basis (i.e., pglkg or mglkg). The sample is weighed, dried, and 
then re-weighed. Percent moisture is calculated as: 

Wet Weight - Dried Weight x loo 
Wet Weight 

Method E300.0 
Anions ICI, F and SOJ by ion Chromatography 

Water samples were analyzed for fluoride, chloride, and sulfate anions by ion chromatog- 
raphy using U.S. EPA Method 300.0. Ion chromatography is a rapid method for separating 
and analyxing complex solutions of ionic species. The technique employs a carbonate/ 
bicarbonate eluent and ion exchange resins to separate individual ions, and a suppressor 
column to remove the eluent ions. The detection and quantitation of the anions is performed 
conductimetrically. 
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Method E350.7 
Nh%rogen, Ammonia 

Ammonia nitrogen in water samples were measured by U.S. EPA Method 350.1. This 
method is an automated calorimetric procedure in which alkaline phenol and hypochlorite 
react with ammonia to form an indophenol blue complex that is proportional to the ammonia 
concentration. The blue color is intensified with sodium nitroprusside and is measured at 
630-660 nm. 

Method SW90 72” 
Cyanide, To ta/ 

Water and impinger samples were analyxed for total cyanide using SW9012. Cyanide as 
hydrocyanic acid (HCN) is released from cyanide complexes by means of an reflux-distilla- 
tion under highly acidic conditions. The released cyanide is absorbed into a scrubber 
containing sodium hydroxide solution. The cyanide ion in the absorbing solution is then 
determined using an automated W calorimetry. The calorimetric procedure is sensitive to 
about 0.02 mg/L. 

Method 365-P’ 
Total Phosphate 

Total phosphate was determined on acid-preserved water samples using EPA Method 365.2. 
Complexed phosphates are digested to the ortho-phosphate form by heating with sulfuric acid 
and potassium persulfate. The ortho-phosphate is reacted with ammonium molybdate and 
antimony potassium tartrate to form an antimony-phospho-molybdate complex which is 
reduced to an intensely blue-colored complex by ascorbic acid. The sample intensity is 
measured at 650 or 880 nm and compared with the intensity of a standard phosphate solution. 

Method SW60703” 
ICP Metals 

Samples are analyxed for trace elements or metals using SW6010. Analysis for most metals 
requires digestion of the sample with acid. This digestion is performed as SW846 Method 
3005 for water or SW846 Method 3050 for solids. Following digestion, the trace elements 
are simultaneously or sequentially determined using ICP-AES . 

Methods 
S W706d)‘/S W704 7”/S W7 73 7=/SW742 7=/S W774O=/S W784 7” 
Graphite Furnace Atomic Absorption Metals Analyses for Arsenic, Cadmium, Lead, 
and Selenium 

Graphite furnace AA spectrometry was used to measure concentrations of arsenic (As), 
cadmium (Cd), lead (Pb), and selenium (Se) in the water and solid samples. The samples 
are extracted using SW3020 or SW3050 as appropriate. Discrete aliquots of sample extract 
are deposited in a graphite tube furnace in microliter amounts. The graphite tube is 
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resistively heated by an electrical current. The sample solution is dried and charred to 
remove sample matrix components, and then atomixed at temperatures sufficient to vaporize 
the element of interest. Matrix modification is used to eliminate interference effects, and 
may also enhance the vaporixation efficiency and allow lower detection limits. This method 
usually has a linear analysis range at the ppb or sub-ppb level. 

Method SW7470J7/SW7471= 
Mercury - Manual Cold- Vapor Technique 

Liquid (water and impinger) and solid samples were analysed for mercury using SW7470 and 
SW7471, respectively. This method is a cold-vapor flameless AA technique based on the 
absorption of radiation by mercury vapor. Mercury is reduced to the elemental state and 
aerated from solution in a closed system. The mercury vapor passes through a cell posi- 
tioned in the light path of an AA spectrophotometer. Mercury concentration is measured as 
a function of absorbance. 

instrumental Neutron Activation Analysis (INAAl 

Neutron activation is a nondestructive technique that measures the number and energy of 
gamma and X-rays emitted by the radioactive isotopes produced in the sample matrix by 
irradiation with thermal neutrons. The samples require no special preparation except for 
encapsulation in high purity polyethylene vials prior to irradiation. Both samples and 
standards of the elements of interest are irradiated in a nuclear reactor. Each sample is then 
counted on a gamma ray detector to produce its characteristic gamma ray spectrum. 
Qusntitation of sample concentration is done by comparison with the energy spectra from 
those standards run simultaneously with the unknown samples. 

This technique is applicable to determining bulk composition and is feasible for very small 
sample quantities. The method does not introduce any contaminating or interfering substanc- 
es, and it provides a multi-element analysis. It is not applicable to those elements that have 
either extremely short half-lives, or those elements, such as lead, that do not produce 
radioactive isotopes. 

Glow Discharge Mass Spectrometry lGDMS) 

Glow discharge mass spectrometry was used as an alternative to INAA for determining the 
bulk composition of the sire fractionated fly ash samples. In this technique, the sample is 
mixed with silver powder and is pressed into the shape of a pin to serve.as a conducting 
electrode in a low-pressure argon plasma ionixation chamber. Sample atoms are sputtered 
into the plasma and then ion&d. The plasma is a constant matrix in which the ionization 
efficiencies of the elements also remain constant. The ionization efficiencies expressed as 
relative sensitivity factors (RSFs) are used to convert ion intensities to elemental concentra- 
tions. The application of this technique to fly ash particles has been demonstrated successful- 
ly, and it can provide a complete analysis on the target list, including fluorine, beryllium, 
and lead, that cannot be determined by INAA. 
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EPA Method 00 1 lA3’ 
Aldehydes 

Aldehydes in the gas, liquid, and solid samples were determined using EPA Method 001 1A. 
Samples collected in dinitrophenylhydrazine (DNPH) are extracted with methylene chloride 
and then solvent exchanged to acetonitrile. The acetonitrile is concentrated and analyzed by 
high performance liquid chromatography as the DNPH adduct. 

Method S WBZ@ 
Volatile Organic Compounds 

Volatile, or purgeable, organics in water and by VOST in the gas streams were analyzed 
using Method SW8240. This method uses a purge-and-trap GC/MS technique. An inert gas 
is bubbled through the water samples to transfer the purgeable organic compounds from the 
liquid to vapor phase. The vapor is then swept through a sorbent trap where the purgeable 
organics are trapped. The trap is backflushed and heated to desorb the purgeable organics 
onto a gas chromatographic column where they are separated and then detected with a mass 
spectrometer. VOST samples are thermally desorbed from the resin/charcoal traps and 
analyzed directly. 

Method SW827ti’ 
Semivolatile Organic Compounds 

Semivolatile organ&, also lmown as base/neutral and acid extractables (BNA), were 
analyzed using Method SW8270. These techniques quantitatively determine the concentration 
of a number of semivolatile organic compounds. Organic compounds are extracted from the 
sample with methylene chloride at a pH greater than 12 to obtain base/neutral extractables. 
Acid extractable compounds are obtained from the sample by extraction with methylene 
chloride at a pH of 2 or less. Both base/neutral and acid extracts are then concentrated by 
removal of the methylene chloride through evaporation. Compounds of interest are separated 
and quantified using a GC/MS. 

Method 2p 
Chlorinated Dioxins and Furans 

Flue gas and gas particulate samples were analyzed for chlorinated dioxins and furans using 
Method 23. The dioxins and furans are extracted from the samples with toluene using the 
soxhlet extraction described in Method 23. The extracts are cleaned by passing the solvent 
through alumina, silica gel, and carbon columns. The cleaned extracts are concentrated and 
injected onto the a fused silica capillary column of a gas chromatograph/mass spectrometer. 
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APPENDIX F: 
ERROR PROPAGATION AND UNCERTAINTY 
CALCULATIONS 

An error propagation analysis was performed on calculated results to determine the contribu- 
tion 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 through the calculation of the results. This uncer- 
tainty does not represent the total uncertainty in the result since some important bias errors 
are unknown and have been assigned a value of zero for this analysis. Also, the uncertain- 
ties calculated apply only over the period of time during which the measurements were made. 

The procedure described below is based on ANSYASME FTC 19.1-1985, “Measurement 
Uncertainty. ” 

Nomenclature 

r = Calculated result, a function of several parameters; 

SPi = Sample standard deviation of parameter i; 

6; = Sensitivity of the result to parameter i; 

fiPi = Bias error estimate for parameter i; 

vi = Degrees of freedom in parameter i; 

v, = Degrees of freedom in result; 

S, = Precision component of result uncertainty; 

6, = Bias component of result uncertainty; 

t = Student “t” factor (two-tailed distribution at 95%); 

U, = Uncertainty in r; and 

Ni = Number of measurements of parameter i. 
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For a result, r, the uncertainty in r is calculated as: 

(F-1) 

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

Pr = $11 (4 * P$ 
1 

s, = $ pi * s$ 
1 i=l 

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

ei = -$ 
L 

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

ei = ‘P, f AP, - ‘Pi 

APi 

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

(F-2) 

(P-3) 

(F-4) 

(F-5) 

(F-6) 
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The degrees of freedom for each parameter is found from 

vi = N,-1 (F-7) 

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

4 

VI = il I(: t. ‘J4] 
I 

(F-8) 

The student “t” in Equation 1 is associated with the degrees of freedom in the result. 

The precision error terms are easily generated using collected data. The bias error terms are 
more difficult to quantify. The percentage bias assumed in certain flow rates is based on 
how accurately particular flows were felt to be measured. For example, the coal flow rate 
was measured by counting (nominally) 500 lb buckets. While this method has good preci- 
sion, there is likely to be a bias. A 5% bias is therefore assumed for the coal flow rate to 
account for the uncertainty. Similarly, measurements of sluny flow rates in FGD systems 
are quite precise, but are frequently biased. For this reason a 20% bias was assumed for 
limestone and JBR blowdown slurry flow rates. The following conventions were used for 
this report: 

l 5% bias in coal flow rates. 

l 20% bias in limestone slurry and JBR blowdown slurry flow rates. 

l No bias in gas flow rates. 

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

In addition to the assumptions about bias errors referred to above, the calculations also 
assume that the population distribution of each measurement is normally distributed and that 
the samples collected reflect the true population. 

Also, the uncertainty calculated is only for the average value over the sampling period. The 
uncertainty does not represent long-term process variations. In other words, the calculated 
uncertainty does not include a bias term to reflect the fact that the sampled system was 
probably not operating (and emitting) at conditions equivalent to the average conditions for 
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that system over a longer period (in other words, autocorrelation may be important). An 
example of the confidence interval calculation is provided below. 

Confidence Interval Calculations 

The following example shows an example calculation for the 95% confidence interval for 
emission factor. This procedure utilizes the same method outlined earlier in this appendix. 
The example uses concentration data for mercury in the stack gas. 

E= (q ” * %, + (% * %, * 2204.6 (F-9) 
I-L * FL, * (l-&a,,) 

where: 

E = Emission factor in lb/10r2 Btu; 

Qs.o,w = Gas flow rate, Nm3/hr; 

Ci,, =~ Solid-phase cont., pg/Nm3; 

Ci,” = Vapor-phase cont., aglNm3; 

H 4 = Coal higher heating value, Btullb on a dry basis; 

F d = Coal feed rate, Iblhr; 

C w,scd = Coal water content, weight fraction; and 

2204.6 = Conversion from PglBtu to lb/lO’* Btu. 

The values used to calculate the emission factor and the confidence interval are as follows: 
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MMII 

% 
% 

N 

4 
e 
VP 

Parameter 

Q-a- co c,v %.I C;; Fd 
Nm’lhr pg/Nm’ pgmm3 Btullb Ib/hr 

456,000 0.00707 3.04 12,700 0.117 91,000 

3,990 0.00638 0.11 260 0.0087 3,200 
2,310 0.00451 0.064 150 0.0050 380 

3 2 3 3 3 71 

0 0 0 0 0 4,540 

6.6x106 0.99 0.99 -2.3x1@ 2.73 -3.2x1@ 

2 1 2 2 2 70 

The calculation of the sensitivity, 8, for the vapor-phase concentration is shown below: 

Vapor-phase analytical: 2.92 pglNm3 

3.13 pglNm3 

3.07 pg/Nm’ 

N= 3 

Mean = C Ci,” I N = 3.04 

S, = ./[C(C,,, - Mean)*/(N-l)] = 0.11 

s, = O.ll= 0.064 
Jr 

As explained above, the p for analytical results is set equal to zero. 

BP= 0 

Next, calculate the sensitivity using perturbation method. The perturbation is equal to the 
standard deviation: 

0 = [rci,v~3.1~-rci,v~3.~]/0.11 = [3.109-3.CKl]/O.11 

= 0.99 

Similar calculations are performed for each parameter. 
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The precision component is then found by root-sum-squaring the product of the normalized 
standard deviations and their respective sensitivities. 

s, = /(ee q--)2 +(eq %)2 +(eq. 5J +(e,_. %J +(eL SF;)2 +teL GA 

s, = 0.066 

The bias component is found using the same equation substituting /3p for the Sp term. 

8, = /(eQ- 8,J +(ecl. 8,)2 +(e,,. S,)’ +(h-. 4-J +tes-. p~J +tec-& pc-J 

8, = 0.14 

The uncertainty in the result is then 

u, = 1(g + (t x SJ 

To calculate the Student t factor, the degrees of freedom must be calculated using the 
following equation: 

” = j 
s* 

c( 
s eif 

i=l “pi 

= 2.7 

(F-W 

The Student t factor for a two-tailed 95% confidence interval with 2.7 degrees of freedom is 
3.2. The uncertainty in the emission factor can now be calculated. 
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Ur = /(0.14)2 + (3.2 x .066)2 

= 0.25 

The emission rate is calculated as 3.0 lb/lO” B&I. 

The value is reported as 3.0 + 0.3 lb/IO** Btu. 
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APPENDIX G: TREATMENT OF NONDETECTS, 
VALUES OUTSIDE OF THE CALIBRATION RANGE, 
AND BLANKS 

Treatment of nondetects (analytical results for which the concentration of the species of 
interest is below the detection limit of the method) and blank values is of critical importance 
in this program because detection levels and blank concentrations are often on the same order 
of magnitude as sample values. When the results are then used for risk assessments or 
policy decisions, treatment of the data becomes important. This discussion describes how 
blank and nondetect values are to be treated in presenting/developing reported results. 

Nondetects 

The discussion presented below explains how averages, sums, and reported emission values 
are to be calculated for all species given various combinations of detected and nondetected 
values. 

All values detected. The arithmetic average or sum is taken, as appropriate. No special 
techniques required. 

All values below the detection limit. For individual test runs or species, the data are to be 
reported as “ND < (detection limit).” For cases where all three runs are below the 
detection limit, the average is reported as nondetected less than the average detection limit of 
the three runs. 

Some values are detected and some are nondetects. As an approximation, half of the 
detection limit for nondetect values and the actual value for detects will be used to determine 
reported values. As an example of averaging, an average for three test runs with results of 
10, 8, and ND <6 would be 7. As an example for summing (such as for mercury frac- 
tions), individual species values of 50, ND < 1, and ND < 2 would be summed to provide a 
value of 50+ 0.5 + 1, or 51.5. In reporting these types of sums or average no ” < ” sign is 
used. The only exception to this rule occurs when the average is less than the highest 
detection limit of the nondetected values. In this case, the average is reported as “ND < 
(the highest detection limit).” For example, 5, ND <4, and ND < 3 would be reported as 
“ND <4.” 
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This approach is also used to obtain test train totals which required analyses of separate 
fractions for each individual run. Specifically, the volatile, metals, and anion test train totals 
for each run are obtained by addition of test train fractions which were analyzed separately. 

Fractions from the volatile test tin included separate analyses of the tenax and 
tenaxlcharcoal tubes for each sample period. Separate analyses were conducted on the 
fdterable and gaseous test train components for both the metals and anion test trains. 

Detection Limit ratio. These methods of treating the data may result in some loss of 
information in going from raw data to final values. Specifically, what is often lost is the 
amount of a final emission value that is attributable to detection limits and the amount that is 
attributable to measured values. In order to quantify and present this information, all results 
in this report are presented along with the “Detection Limit Component Ratio,” which is 
calculated as the ratio of the contribution of detection limit values to a final emission result. 

For example, a set of three values of 16, ND <6, and ND <5 should be reported as 7, with 
a detection limit ratio of 26% [(3+2.5)1(16+3+2.5)], while a set of values of 12, ND <6, 
and 9 should be reported as 8, with a detection limit ratio of 13 percent. The different ratios 
provide insight as to the extent something is “really there” and, it is hoped, can help provide 
better information to those making decisions on risk and policy issues. 

Values Outside the Calibration Range 

It is possible that the reported lab data will be outside the calibration range of the instrument. 
Data reported below the lower detection limit will be flagged with a qualifier (e.g., “J”). 
Data with the “J” Sag will have been tentatively identified and tentatively quantified. Data 
reported above the upper detection limit will be flagged with a qualifier (e.g., “El’). Data 
with the “E” flag will have been positively identified and tentatively quantified. Data with 
both qualifiers will be estimates. Consider J and E values to be quantitatively representative 
when calculating averages. Neither flag should cause a value to be weighted more or less 
important. The J and E data qualifiers should appear in the respective laboratory analytical 
report. The data qualifiers need not appear on the calculated data summaries. 

Blank Values 

The level and treatment of blank values is important in interpreting data, since in some cases 
species are. detected but not at levels significantly higher than blanks. In these cases, 
measured values may not represent emissions, but rather just limitations of the method. 
However, most of the test methods used in this program either do not allow subtraction of 
blanks or are silent on how to treat blank values. 

When a method does not specify how the sample will be blank-corrected, the appropriate 
blank train values should be subtracted. Laboratory and site/reagent blanks will be analyxed 
and the results evaluated for identification of contamination. If a sample compound is blank- 
corrected, the data will be flagged by a “B.” If the value is blank-corrected below the 
detection limit, it should be reported as “ND < (detection limit) BC.” A “C” flag indicates 
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that the blank value was greater than the sampled value. In no case should the blank- 
corrected values be reported below the method detection limit. 
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APPENDIX I: DEVELOPMENT OF MASS BALANCE 
EQUATIONS AND EXAMPLE CALCULATIONS 

Mass Balances 

Mass balances for ash and trace metals around Plant Yates power generation and emission 
control systems were calculated as a check on data consistency. Mass balances were 
calculated for the following processes: boiler, ESP, JBR, and total plant. The mathematical 
expressions used are developed in the paragraphs below. 

A general mass balance equation which applies to any system is: 

1 ;=u$gg--] = [y$flJ - [zg;] + [y p$Etej (1-l) 
For all species, the generation term in Equation I-l is equal to zero. Ash is considered to be 
a component of coal and not to be generated. Mass balance closure is defined by the 
following expression: 

% clwure = loo * out 
In -Accumulation 

(I-2) 

Uncertainties for mass balance closures (95% confidence intervals) were calculated using an 
error propagation analysis method based on ANWSME PTC 19.1-1985, “Measurement 
Uncertainty. ” The development of this method is treated in Appendix F. 

The following sections detail the development of mass balances for the boiler, ESP, JBR and 
total plant (Power generation and emission control systems). The equations are developed 
from Equation I-l above. The purpose of this development is to present the variables consid- 
ered in each mass balance. The equations presented below are simplified for clarity. The 
exact equations, which are more complex, are presented in Table I-l. 

I-l 



Appendix I: Development of Mass Balance Equations & Example Calculations 

Table I-l 
Detailed Mass Balance Equations 

Mass Balance About Boiler: 

cl- = loo * 
(Fd (1 -C,& c- - c& C&&J ci.t&& + Q+ (Ci&&” + %,z+) 

pc.?.d (1 -CT/,cad~ %al 

Mass Balance About ESP: 

cl- = loo* Pm LImPin - L GlvaPmtl ct.- uh + Qapm (CL-” + GsdPmu) 
Qqil (CW” + G&v) 

Mass Balance About JBR: 

0 
Closure. = loo * -!E 

4Fm 

where, 

AM. 
IJaR - -+ + &Ipm ~=PW + ciwd + (%tm.mzs + Fream.1~142 + K.em,m,,,) 

*c~+F~~~C~+F~ 
LidsJs c,,dv, + *lJ$ - csdi*,k) 'i&.ls 

%li&$* - I + (1 -cdi&ls)"un 

0 = ‘bdwn m162.4 I Csosd&~ Gsxsds,e + “,bdvvn (1 -csolids,bdwn) GJiq,bdwm 
IBR 

I-2 



appendix I: Development of Mass Balance Equations & Example Calculations 

Table I-l (Continued) 

+;y* 
1 

(I %KL&.l= II LdLMBR 
c-v,*(l-c&&~ , c~~~+(l-&j$J&uBR I II t AI _ 

+cl.wEa I LIol(l -c-)Vm I[ _ ~+(l-cloypLIBI)vuBI 

%dhdlJmv-+(l-c-)vunu I I II LUBRVLIBII +(‘-c-)VlmR ,-& 

Mass Balance About Entire Plant 

Ow Closure = loo * - 
L 

where, 

AM. 
Iplull - -* + Fcnnl (‘-Gcal) %ad + ~mmn,FrlZII + Fle&-dr*.* + ~~lS0,) qfuum 

+ Fcmkalp~150A qllukap +F 1 c,, cLolidJI + 9& (1 -C*) cm& 
. 

%-adlJa “SJS 
. 

+ (’ -(Llida~) “l,ls I 

%nt = Qabckm (Ci” + qsackpw) 
+ Fidm,?T162A I 

c--cn+9m(l-c. aolwdm) %iodvm 

adlwdm %dwTl + (l-Clolidr,e) %,bdwn 
1 [pzadJ-Cw,~) c:cci - Qmpin L&J ci,bmd 

1 M - Q=Pml Lt%mP4 cimllsaedrth 

1-3 



Appendix I: Development of Mass Balance Equations & Example Calculations 

Boiler 

The following form of Equation I-l applies to the boiler: 

Feed Coal + Air = Bottom Ash + cmcludirgB~tr~~“culat+ (I-3) 

The accumulation term for ash and trace metal species in the boiler is small and was 
neglected. For ash, Equation I-3 is expressed mathematically as: 

F&C- =F- +Q+GhF+ (r-4 

Since the bottom ash flow rate could not be measured accurately, Equation I-4 was used to 
calculate it. The concentrations of trace metal species in combustion air are very low and 
were neglected. Applied to a trace metal species, Equation I-3 becomes: 

FdC,,=FM &ltkd + Q&n L3pin (I-5) 

The exact equation used in calculating the data presented in Table 6-2 in Section 6 was 
obtained by substituting Equation I-4 into Equation I-5 and rewriting in closure format. This 
equation is located in Table I-l. 

ESP 

The following form of Equation I-l applies to the ESP: 

ESP Inlet Gas = ESP Outlet Gas + ESP Collected Fly Ash (I-6) 

The accumulation term for solids and trace metals is small and was neglected. For ash, 
Equation I-6, expressed mathematically, becomes: 

L C&W = &, %h,espout + FuD”eu&b (I-7) 

Since the collected fly ash flow rate could not be measured, Equation I-7 was used to solve 
for it. Applied for a trace species, Equation I-6 becomes: 

I-4 



Appendix I: Development of Mass Balance Equations & Example Calculations 

&ppclpplD=~cLapom+FcQIkwM~ (I-8) 

The exact equation used in calculating the data presented in Table 6-2 of Section 6 was 
obtained by substituting Equation I-7 into Equation I-8 and rewriting in closure format. This 
equation is located in Table I-l. 

JBR 

The following form of Equation 1 applies to the JBR: 

I-RR ESP Makeup + Remm + Lilneame l oxidalioo _ 
A-~m=OuttetOas+ Wster WStU SlurrY Air 

In the JBR, because of potential changes in volume or slurry solids concentration, the 
accumulation of solids and trace metals was not considered to be negligible over the test 
period. Mass flows of trace metal species in oxidation air are very low and were neglected. 
For a trace metal species, Equation I-l becomes: 

+piGdida +FbhcW] (I-10) 

- [pb Glib %did, + F- %q,tstvm '+iq,tx+m) + QM C-1 

The accumulation term in Equation I-10 was approximated: 

mi z% 
dt At 

(I-11) 

AMi, the change in the mass of a species in the JBR over a test period, was calculated with 
the following equation: 

I-5 



Appendix I: Development of Mass Balance Equations & Example Calculations 

AMj = Ama A 
b. cs cm + Lraa (1 -C*& 9, CU, 

(I-12) 
Li&QBR v* -+(1-c. ^ rohdslBR) VI 

The exact equation used in calculating the data presented in Table 6-2 of Section 6 was 
obtained by substituting Equation I-12 into Equation I-10 and rewriting in closure format. 
This equation is located in Table I-l. Densities used in making the above calculations are as 
follows: JBR solids (gypsum), 2.32 g/cc; limestone solids (CaCOs), 2.72 g/cc; JBR and 
limestone liquid phase, 1 .OO g/cc. 

To tat Plant 

Equation I-l, applied to the combined power generation/emission control system is: 

C Accumulation _ Comb. 
inBaehvesel Air 

+Feed+Retum+MakeuP+Oxidated+Limesmne 
coal water Water Air SlurrY (I-13) 

Stack + Blowdown + RSP Collected + Bottom 
SlurrY my Ash 

Since most trace metal species will be removed with the bottom and fly ash, the accumu- 
lation term in the JBR will be relatively small in the total plant balance. Accumulations in 
other vessels have been neglected in previous equations and are also neglected in Equation 
I-13. Trace metals concentrations in the combustion and oxidation air streams are very low 
and assumed negligible. Expressed mathematically for a trace species, Equation I-13 
becomes: 

A%BR =F 
At c& qx#d + Frumn qrehm + Fnlakcap %ukcup 

+F;sC~~CipolidsLs+FLs~CW] 
- [& cw + F~ c~,bd~ cizolids,~] 

(I-14) 

The exact equation used in calculating the data presented in Table 6-2 of Section 6 was 
obtained by substituting Equations I-4 and I-7 into Equation I-14 and rewriting in closure 
format. This equation is located in Table I-l. 

I-6 



Appendk I: Development of Mass Balance Equations & Example Calculations 

Example Calculations 

Emission Factor 

The unit-energy-based emission factors were determined by dividing the mass flow rate of a 
substance beiig emitted by the heat input to the boiler during testing. Mathematically, 
Equation 6-3 of Section 6 can be expressed as: 

Emission Factor for Species i = L W + cWvJ 
%,%.A (1 - Cw,m,,) 

(I-15) 

Lead will be used for the following example calculation. The following data were taken 
from tables in Sections 3 and 5. 

Q da= = 456,000 Nm3/hr 

Gls&g”.r = 0.50 rg/Nm3 

%mkg”,” = < 0.22 pg/Nm3; for calculations, use 0.11 pg/Nm3 

H d = 12,700 Btullb 

F d = 91,000 lblhr (coal rejects subtracted) 

C w.ral = 0.117 lb water/lb coal 

The emission factor for lead is calculated directly from Equation I-15. 

Bmision Pauor, W = 2202.6 * 456,000 (0.50+ 0.11) 0.6 lb = 
12,700 (I-16) * 91,000 (l-0.117) 1o’zBtu 

Mass Balance 

An example calculation for each of the mass balance equations presented in Table l-l 
follows: 

In this appendix, aluminum mass balance sample calculations are shown using equations and 
data from the report. The four sample calculations include boiler closure, ESP closure, IBR 
closure, and total plant closure. 

I-7 



Appendix I: Development of Mass Balance Equations & Example Calculations 

Boiler closure. The datarequired and the location of the data found in the report are 
shown below: 

ci.cd = 1.45 x 10’ &kg (Table 5-6) 

F,= 4.13 x lo’ kg/hr (9.1 x 10” lblhr) (Table 3-7) 

c, ,cc-l = 0.117 kg/kg (Table 3-7) 

C *,& = 0.111 kg/kg (Table 3-7) 

Q+, = 2.84 x 105 dscfm (4.5 x lOr NmVhr) (‘Table 3-7) 

C uh.upm = 3.64 gr/dscf (0.00896 kg/Nm’) (Table 3-7) 

%OUdh = 7.61 x IO7 &kg (Table 5-7) 

t$+. = 8.7 x 105 pg/Nm3 (Table 5-2) 

Ci,crpina = 146 pglNm3 (Table 5-2) 

The material balance around the boiier is represented by the following equation: 

closur* = loo * 
pJd (1 -c,,, c,, - Q+ C&&) cw + Q@ (cippi4.. + ci.E& 

Fcal(’ -%ld~ %d 

Substitution of the values listed above results in the following boiler closure for aluminum: 

Closur& = 74% 

ESP Closure. The data used in calculating the material balance closure around the JZSP are 
shown as follows: 

Q+, = 2.84 x I@ dscfm (4.5 x l@ Nm3/hr) (Table 3-7) 

Ci++, = 8.7 x l@ pg/Nm’ (Table 5-2) 

Ci,upm,v = 146 pg/Nm’ (Table 5-2) 

Q srpau, = Qqti (4.5 x 10s Nm’lhr) (Table 3-7) 

ci,upmu,s = 1.21 x 104 pg/Nm3 (Table 5-2) 

ci.wowv = 57.5 pg/Nm’ (Table 5-2) 
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Appendix I: Development of Mass Balance Equations & Example Calculations 

C ne+n = 3.64 gr/dscf (8.96 x lO-’ kg/Nm3) (Table 3-7) 

C ti- = 0.0577 grldscf (1.42 x lp kg/Nm3) (Table 3-7) 

~i.calbnsdub = 9.8 x 10’ pglkg (Table 5-7) 

The material balance closure equation for the ESP is represented by the following equation: 

After substitution of the data presented above into this equation, the material balance closure 
for aluminum around the ESP is calculated to be: 

Closures = 101% 

JBR Closure. Unlike the other unit operations considered at Plant Yates, the accumulation 
term for the JBR could be important in the material balance calculations. This is because the 
residence time of the slurry in the JBR is much greater than any of the sampling times. The 
first step shown is the calculation for one of the runs in Test Period 1. An average accumu- 
lation rate was calculated for each test period; the average of these was then used in the mass 
balance calculations. 

Data required to calculate accumulation are as follows: 

ci.&q,m = 10.7 mg/L (1.07 x 10’ pg/m3) 

A IBR = 127 m* 

At = 8 hr 

(%dWBR = 1.03 x lo6 pglkg 

L,,,,., = 4.29 m 

V GBR = O.OCO431 m3/kg (Sp. Gr. = 2.32) 

V UBR = 0.001 m3/kg (Sp. Gr. = 1.0) 

COWBR,t-*, = 0.222 kg/kg 

CdidS.IBR.L = 0.223 kg/kg 

L fBR.t = 4.3 m 

(App. H, Run-l) 

(Design Drawings) 

(Run 1) 

(App. H, Run 1) 

(Average in Table 6-l) 

(APP. I, P. 6) 

(APP. 1, P. 6) 

(Average % solids in Table 6-l) 

(Average % solids in Table 6-1) 

(Average level in Table 6-1) 
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The accumulation term (AmJAt) is represented by the following equations. The change in 
mass of ahtminum contained in the JESR during the run is calculated: 

Li=Kr-- Li‘ECRt-,,C~,-,, 
Am,=A 4 cmtvm + (‘-C~VvsR 1 I - c-.A,vm l (l-cst.AJvm 

II 

L 
+ 

-1 -c&&v,, 1 I - 

mrGt-dl(l-LdaR t-&.lBR 
cwvm + (l-C,&&Qm Cwmdt rlw 3 +(1-C 1” sws.mu-Al lmx _i 

The accumulation of aluminum in the JBR during Run 1 is the change in mass divided by the 
length of the run and is calculated to be: 

act = AmJAt act = 1.37 x 10’ pg/hr 

In a similar manner, the accumulations in Runs 2 and 3 were calculated and when combined 
with the accumulation from Run 1, an average accumulation of 1.42 x 108 pglhr was 
calculated. This average accumulation is used with the following data to calculate mass 
balance closure around the JRR: 

act,, = 1.42 x 10’ pglhr 

Q,. = 2.84 x 10s dscfm (4.5 x 105 Nm3/hr) 

G.C+t.* = 1.21 x 104 pg/Nn? 

ci.upm.v = 57.5 pg/Nm” 

F rmLcup,FT,SM = 26.8 gal/mm (6.09 m”lhr) 

(Table 3-7) 

(Table 5-2) 

(Table 5-2) 

(Mat’1 bal. average in Table 6-l 
Mist Elim/Deck Wash [Ash Pond Return]) 

ci.makcup = 0.176 mg/L (1.76 x 10s lg/m3) (Table 5-10) 

F ,dwrm,pIl28 = 78.9 gal/mm (17.9 m’lhr) (Mat’1 bal. average in Table 6-1 
Transition Duct PW Flow [Gypsum Pond Return]) 

l= -.F1‘14* = 39.9 gabmin (9.06 m’/hr) 

F rrOlm,FIISOr, = 6.39 gallmin (1.45 m’lhr) 

ci.rrmm = 2.04 mg/L (2.04 x 106 pg/m3) 

F, = 36.5 gallmin (8.29 m’lhr) 

(Mat’1 bat. average in Table 6-l) 

(Mat’1 bal. average in Table 6-l) 

(Table 5-10) 

(Mat’1 bal. average in Table 6-l 
Reagent Flow) 
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append12 I: Development of Mass Balance Equations & Example Calculations 

C.S&.L = 0.361 kg/kg 

Ci,~,r. = 6.78 x IO-* mg/L (6.78 x 1@ pg/rn)) 

(Mat’1 bal. average in Table 6-1) 

(ASP. H, Run 3d 
substituted for Run 3) 

F-.,,, = 78.4 gal/mm (17.8 m3/hr) (IBR blowdown in Table 6-l) 

Cd,- = 0.229 kg/kg (JBR density, mat’1 bal. average in Table 6-1) 

&&&,bdwn = 1.1 x 10r pglgm (1.1 x 106 pgglkg) (Table 5-9) 

V,,, = 0.000367 m’/kg (APP. I, p. 6) 

V&u = 0.001 m3/kg (APP. I, P. 6) 

V 0b.m = 0.00431 m’/kg (Sp. Gr. = 2.32) (APP. I, P. 6) 

V L- = 0.001 ms/kg (Sp. Gr. = 1.0) (APP. I, P. 6) 

%di&,k = 756 Ng/gm (7.56 x 10s pg/kg) (Table 5-9) 

ci,bq.bdwn = 12.3 mg/L (1.23 x 10’ pglmr) (Table 5-10) 

Q-w = 2.88 x ld dscfm (4.56 x l@ Nmslhr) (Table 3-7) 

%uckg”,S = 191 pg/Nm’ (Table 5-2) 

Ci,nrLl”.” = 4.35 pglNm3 (Table 5-2) 

With these input values, the terms IssR and Or,, can be calculated as shown below: 

I 
AM. 

Em - -+ + %- bow + cilia + (%eamvr~zs + Frewm + Frem,,mms) 

fCa+P uukap.Fr3vu CM+ FL 

I 

%idsJa ciads.h + ‘lJJ1 -cdid5JJ ‘i,liqJs 

c&,&&q* - I + (1 -cmliw)vlJs 

I mR = 8.32 x lo9 pglhr 
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i 

. 
%R-%hFTl62.4 %3iwdvm (AAddoh + vlbdvm (l-Csoad5.b) qliq.ti 

c-e 21,,, + (1 -C&&) Qswan I 

+ L Fi4-cam.v + C-) 

0 ,BR = 5.44 x lo9 pg/hr 

Mass balance closure for aluminum around the JBR is calculated to be: 

Closure,, = 100 * 0 /I - 65% IBR IBR - 

Note that the accumulation of aluminum in the JBR (1.42 x 108 pglhr) is small relative to the 
throughput (outlet equals 5.5 x lo9 pglhr). However, the accumulation calculations are 
based on a single concentration and only reflect changes in the JBR density and level. 

Total Plant Closure. All of the data required for the total plant calculations have been 
specified in previous calculations. The total flow of aluminum into the plant (minus JBR 
accumulation) is calculated according to the following equation: 

AM. 
$“--At 1 + L, (1 -%,,,) Goa, + (=r.ar,,m + Frcam,,m1.,2 + Fremmpr,so~) %artm 

+ FNmsu, CW +F 
c,, c,,, + 9& (1 -c-) cgi 

c&& +a + (1 -c,j&JJ Q 1 
Substituting values defined above, the mass flow of aluminum into the plant becomes: 

lplrnt = 5.32 x 10” rg/hr 

The total flow of aluminum exiting the plant is calculated with the following equation: 

0 pht = L F-iM.v + C-a) 

+ ~kdJvmiTLs2A 
I 

CS&ti cn + Q& (1 -cdwW) C&Mm 

1 pndJ”-” 
c~B3~-+n~s,bgm + ‘-c&3sbdm iTlbdwn 

m a.&,esp!n] cibottawh ) ’ 
- +=e QCC+WI cub-] cim 

Again, values previously given are substituted, which results in the outlet mass flow for 
aluminum being: 
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0 Phi = 3.95 x 10” gg/hr 

Using the mass flows inlet and outlet,the overall plant closure for aluminum is calculated: 

Closure,,, = 100 * O&J,, = 75% 

Removal Efficiencies 

An example will be developed for lead removal in the BR. Equation 6-4 applied to the IBR 
becomes: 

%Rfmoval= 1 1-L -4 
& (CT ‘,““) 1 * 100 (I-13 

The following data were obtained from tables in Sections 3 and 5. 

Q s=bu = 456,000 Nmslhr 

G,mEtrW = 0.50 gglNm3 

%ackg”,” = < 0.22 &Nm’; for calculations use 0.11 pg/Nm” 

Q- = 450,000 Nmslhr 

Ci.ESPa+S = 18 pg/Nm3 

%.sPal&” = 0.4 pg/Nm3 

The removal efficiency for lead is calculated directly from Equation I-17. 

Removal EfEciency of JBR for Pb = ,-456,000 (“.50+o*11) a 1~ = 96.796 (I-18) 
450,000 (18 +0.4) I 

Nomenclature 

A Cross-sectional area, mz 

C Concentration pg/Nm’ (gas), pg/L f&quid), pglkg (solid), or 
weight fraction (ash or water fraction) 

F Coal flow rate, kglhr or water/slurry flow rate, m3/hr 
L Level, m 
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Q Gas flow rate, Nm”/hr 

8,V Specific volume, m’lkg 

Subscripts 
bdwn JBR blowdown slurry 
bottomash Bottom ash 
cd Feed coal 
collectedash ESP sluiced ash 
espin 

espout 

Fl-X 

i 
JBR 
1, liq 
IS 
makeup 
return 
S 

solids 
stackgas 
V 

W 

ESP inlet 
ESP outlet 
As indicated by flow transmitter x (flow from data acquisition 
system) 
Species, i 
JBR 
Liquid 
Limestone slurry 
FGD makeup water (ash pond return) 
Gypsum pond return 
Solid phase 
Solids 
Stack gas 
Vapor phase 
Water 
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